

    
      
          
            
  
Microstructure Diffusion Toolbox


Introduction

The Microstructure Diffusion Toolbox (MDT) is a framework and library for microstructure modeling of magnetic resonance imaging (MRI) data.
The aim of MDT is to provide reproducible and comparable model fitting for MRI microstructure analysis.
As such, we provide a common platform for microstructure modeling including many models that can all be processed using the same optimization routines.
For maximum performance all models and algorithms were implemented to make use of all parallel processing capabilities of modern computers.
MDT combines flexible modeling with fast processing, targeting both model developers and data analysts.


Summary


	GPU accelerated processing


	Human Connectome Project (HCP) pipelines


	Includes CHARMED, NODDI, BinghamNODDI, NODDIDA, NODDI-DTI, ActiveAx, AxCaliber, Ball&Sticks, Ball&Rackets, Kurtosis, Tensor, VERDICT, qMT, and relaxometry (T1, T2) models.


	Includes Gaussian, Offset-Gaussian and Rician likelihood models


	Includes Powell, Levenberg-Marquardt and Nelder-Mead Simplex optimization routines


	Includes multiple (adaptive) MCMC sampling algorithms


	Supports hyperpriors on parameters


	Supports gradient deviations per voxel and per voxel per volume


	Supports volume weighted objective function


	Supports adding your own models


	Offers Graphical, command line and python interfaces


	Computations are parallelized over voxels and over volumes


	Python and OpenCL based


	Free Open Source Software: LGPL v3 license


	Runs on Windows, Mac and Linux operating systems


	Runs on Intel, Nvidia and AMD GPU’s and CPU’s.







Links


	Full documentation: http://mdt_toolbox.readthedocs.io


	Project home: https://github.com/robbert-harms/MDT







HCP Pipeline

MDT comes pre-installed with Human Connectome Project (HCP) compatible pipelines for the MGH and the WuMinn 3T studies.
To run, after installing MDT, go to the folder where you downloaded your (pre-processed) HCP data (MGH or WuMinn) and execute:

$ mdt-batch-fit . NODDI





and it will autodetect the study in use and fit your selected model to all the subjects.




Quick installation guide

The basic requirements for MDT are:


	Python 3.x


	OpenCL 1.2 (or higher) support in GPU driver or CPU runtime




Linux

For Ubuntu >= 16 you can use:


	sudo add-apt-repository ppa:robbert-harms/cbclab


	sudo apt-get update


	sudo apt-get install python3-mdt python3-pip


	sudo pip3 install tatsu




For Debian users and Ubuntu < 16 users, install MDT with:


	sudo apt-get install python3 python3-pip python3-pyopencl python3-numpy python3-nibabel python3-pyqt5 python3-matplotlib python3-yaml python3-argcomplete libpng-dev libfreetype6-dev libxft-dev


	sudo pip3 install mdt




Note that python3-nibabel may need NeuroDebian to be available on your machine. An alternative is to use pip3 install nibabel instead.

A Dockerfile and Singularity recipe were kindly provided by Ali Khan (on github: akhanf). These dockers come with Intel OpenCL drivers pre-loaded (e.g. for containerized deployment on a CPU cluster).
For example, to install using Docker use docker build -f containers/Dockerfile.intel ..

Windows

The installation on Windows is a little bit more complex and the following is only a quick reference guide.
For complete instructions please view the complete documentation [https://mdt_toolbox.readthedocs.org].


	Install Anaconda Python 3.*


	Install MOT using the guide at https://mot.readthedocs.io


	Open an Anaconda shell and type: pip install mdt




Mac


	Install Anaconda Python 3.*


	Open a terminal and type: pip install mdt




Please note that Mac support is experimental due to the unstable nature of the OpenCL drivers in Mac, that is, users running MDT with the GPU as selected device may experience crashes.
Running MDT in the CPU seems to work though.

For more information and full installation instructions see https://mdt_toolbox.readthedocs.org












          

      

      

    

  

    
      
          
            
  
Installation


Ubuntu / Debian Linux

Using the package manager, installation in Ubuntu and Debian is relatively straightforward.

For Ubuntu >= 16 the MOT package can be installed from our Personal Package Archive (PPA) using:

$ sudo add-apt-repository ppa:robbert-harms/cbclab
$ sudo apt-get update
$ sudo apt-get install python3-mdt python3-pip
$ sudo pip3 install tatsu





By using a PPA your Ubuntu system can update MDT automatically whenever a new version is out.
Unfortunately there is no debian package for the Tatsu requirement yet, as such, we need to install it manually.

For Debian, and Ubuntu < 16, using a PPA is not possible (because of missing dependent packages) and we need a more manual installation.
Please install the dependencies first:

$ sudo apt install python3 python3-pip python3-pyopencl \
    python3-numpy python3-nibabel python3-pyqt5 \
    python3-matplotlib python3-yaml python3-argcomplete \
    libpng-dev libfreetype6-dev libxft-dev





Note that python3-nibabel may need NeuroDebian to be available on your machine.
An alternative is to use pip3 install nibabel instead.

Next, install MDT with:

$ sudo pip3 install mdt





This might recompile a few packages to use the latest versions.

Alternatively, you could try the Singularity recipe at https://github.com/akhanf/mdt-singularity , kindly made available by an user of MDT.

A docker installation is also available. If you do, a tip from an MDT user is that
“when you use Docker it is mandatory to mount the https://github.com/robbert-harms/MDT/tree/master/mdt/data directory in the ~/.mdt/<latest version>/ inside container in order to work.”

After installation please continue with the section Initialization below.




Windows

MDT uses the Microstructure Optimization Toolbox (MOT) for all analysis computations.
Please install MOT first (https://mot.readthedocs.io/en/latest/install.html#windows). Afterwards this installation should be fairly straightforward.

Note that MDT depends on PyQt5 so make sure you do not attempt to run it in an environment with PyQt4 or earlier.
If you followed the MOT install guide and installed the Anaconda version 4.2 or higher with Python3.x, you should be fine.
Again, see https://mot.readthedocs.io/en/latest/install.html#windows for details.

Having followed the MOT install guide we can now install MDT.
Open an Anaconda console and use:

$ pip install mdt





If that went well please continue with the Initialization below.




Mac

Installation on Mac is pretty easy using the Anaconda 4.2 or higher Python distribution.
Please download and install the Python3.x 64 bit distribution, version 4.2 or higher which includes PyQt5,
from Anaconda [https://www.continuum.io/downloads] and install it with the default settings.

Afterwards, open a terminal and type:

$ pip install mdt





To install MDT to your system.
If that went well please continue with the Initialization below.

Please note that Mac support is experimental due to the unstable nature of the OpenCL drivers in Mac.
Users running Running MDT with the GPU as selected device may experience crashes.
Running MDT in the CPU seems to work though.




Initialization

After installation we need to initialize the MDT components folder in your home folder. Use:

$ mdt-init-user-settings





in your bash or Anaconda console to install the MDT model library to your home folder.




Test the installation

If all went well and MDT is installed and initialized, we can now perform some basic tests to see if everything works well.
The first command to try is:

$ mdt-list-devices





which should print to the console a list of available CL devices.
If this crashes or if there are no devices returned, please check to see if your OpenCL drivers are correctly installed.
If it works but no devices can be found then please refer to the section No OpenCL device found.

Next, one could try starting the graphical interface using:

$ mdt-gui





or, equivalently,

$ MDT





This should start the GUI. If there are problems in this stage it is most likely related to Qt problems.
Please check if you have installed the Qt5 package and not the Qt4 package.







          

      

      

    

  

    
      
          
            
  
Using MDT

The primary usage of MDT is model fitting, otherwise known as Maximum Likelihood Estimation.
This is the feature most users will be interested in.

Some users may additionally be interested in model sampling using Markov Chain Monte Carlo sampling, in MCMC sampling.

For adding your own models, or adapting existing models, MDT has a flexible component based plug-in system.
This system, described in adding components allows you to extend MDT simply by placing python script files in your home directory.

MDT also offers a Maps visualizer to quickly visualize your MDT results.
This visualizer is highly customizable and can provide paper ready figures.

Additional technicalities can be found in design concepts and Advanced configuration.





          

      

      

    

  

    
      
          
            
  
Maximum Likelihood Estimation

Maximum Likelihood Estimation (MLE), otherwise known as model fitting or model inversion, is one of the core strengths of MDT.
Using GPU accelerated fitting routines and a rich library of available models, MDT can fit many types of MRI data within seconds to minutes [Harms2017].
The main workflow is that you load some (pre-processed) MRI data, select a model, and let MDT fit your selected model to the data.
The optimized parameter maps are written as nifti files together with variance and covariance estimates and possibly other output maps.

For easy of use with population studies, MDT includes pipelines for the Human Connectome Project (HCP) study,
which automatically detects the directory layout of the HCP MGH and HCP WuMinn studies and fit your desired model to (a subset of) the data.

Single dataset fitting is accessible via three interfaces, the Graphical User Interface (GUI),
Command Line Interface (CLI) and/or directly using the Python interface.


HCP Pipeline

MDT comes pre-installed with Human Connectome Project (HCP) compatible pipelines for the MGH and the WuMinn 3T studies.
To run, please change directory to where you downloaded your (pre-processed) HCP data (MGH or WuMinn) and execute:

$ mdt-batch-fit . NODDI





and it will autodetect the study in use and fit your selected model to all the subjects.

For a list of all available models, run the command mdt-list-models.




MDT example data

MDT comes pre-loaded with some example data that allows you to quickly get started using the software.
This example data can be obtained in the following ways:


	GUI: Open the model fitting GUI and find in the menu bar: “Help -> Get example data”.


	Command line: Use the command mdt-get-example-data:




$ mdt-get-example-data .






	Python API: Use the function mdt.utils.get_example_data():




import mdt
mdt.get_example_data('/tmp')





There are two MDT example datasets, a b1k_b2k dataset and a multishell_b6k_max dataset, both acquired in the same session on a Siemens Prisma system, on the VE11C software line,
with the standard product diffusion sequence at 2mm isotropic with GRAPPA in-plane acceleration factor 2 and 6/8 partial fourier (no multiband/simultaneous multi-slice).

The b1k_b2k has a shell of b=1000s/mm^2 and of b=2000s/mm^2 and is very well suited for e.g. Tensor, Ball&Stick and NODDI.
In this, the b=1000s/mm^2 shell is the standard Jones 30 direction table, including 6 b0 measurements at the start.
The b=2000s/mm^2 shell is a 60 whole-sphere direction set create with an electrostatic repulsion algorithm and has another 7 b0 measurements, 2 at the start of the shell and then one every 12 directions.

The multishell_b6k_max dataset has 6 b0’s at the start and a range of 8 shells between b=750s/mm^2 and b=6000s/mm^2 (in steps of 750s/mm^2) with an increasing number of directions per shell
(see De Santis et al., MRM, 2013 [http://dx.doi.org/10.1002/mrm.24717]) and is well suited for CHARMED analysis and other models that require high b-values (but no diffusion time variations).




Graphical interface

One of the ways to use MDT for model analysis is by using the Graphical User Interface (GUI).
To launch the GUI in Linux and OSX, please open a console and type mdt-gui or MDT to launch the analysis GUI.
In Windows one can either open an Anaconda prompt and type mdt-gui or MDT or, alternatively,
one can type mdt-gui or MDT in the search bar under the start button to find and launch the GUI.

The following is an example of the GUI running in Linux:


[image: _images/mdt_gui_intro_screenshot.png]
A screenshot of the MDT GUI in Linux.



Using the GUI is a good starting point for model analysis since it guides you through the steps needed for the model analysis.
In addition, as a service to the user, the GUI writes Python and Bash script files for most of the actions performed in the GUI.
This allows you to use the GUI to generate a coding template that can be used for further processing.


Creating a protocol file

As explained in Protocol, MDT stores all the acquisition settings relevant for the analysis in a Protocol file.
To create one using the GUI, please go to the tab “Generate protocol file”.
On the bottom of the tab you can find the button “Load g & b” which is meant to load a b-vec and b-val file into the GUI.
Please click the button and, for the sake of this example, load from the MDT example data folder the b-vec and b-val file of the b1k_b2k dataset.
This tab should now look similar to this example:


[image: _images/mdt_gui_generate_protocol.png]
The Protocol tab after loading a bvec and bval file.



Having loaded a b-vec/b-val pair (or a Protocol file), you are presented with a tabular overview of your protocol, with some basic statistics below the table.
The table shows you per volume (rows) the values for each of the columns.
Columns in gray are automatically calculated or estimated from the other columns.
Note that these derived values are there for your convenience and as a check on protocol validity, but cannot be assumed to be strictly correct.
For example, in the screenshot above, G, Delta and delta are estimated from the b-values by assuming Delta == delta (this approximation is taken from the NODDI matlab toolbox to be consistent with previous work).
Since in reality Delta ~= delta + refocussing RF-pulse length in PGSE, this will underestimate both delta and G.
The gray columns are not part of the protocol file and will not be saved.

To add or update a column you can use the dialog under the button “Add / update column”.
To remove a column, right click the column header and select the “Remove column” option.

For the sake of this example, please add to the loaded b-vec and b-val files the “Single value” columns “Delta”, “delta”, “TE” and “TR” with values
26.5e-3 seconds, 16.2e-3 seconds, 60e-3 and 7.1 seconds respectively.
Having done so, the gray columns for delta and Delta should now turn white (as they no longer are estimated but are actually provided).
Your screen should now resemble the following example:


[image: _images/mdt_gui_generate_protocol_filled.png]
The Protocol tab after adding various columns.



As an additional check, you could save the protocol as “b1k_b2k_test.prtcl” and compare it to the pre-supplied protocol for comparison (open both in a separate GUI).
Alternatively, you could save the file and open with a text editor to study the layout of the protocol file.




Generating a brain mask

MDT has some rough functionality for creating a brain mask, similar to the median_otsu algorithm in Dipy.
This algorithm is not as sophisticated as for example BET in FSL, therefore we will not go in to much detail here.
The mask generating functionality in MDT is merely meant for quickly creating a mask within MDT.

Since the MDT example data comes pre-supplied with a mask (generated by BET), we won’t cover mask generation here.
Also, the process is fairly straightforward by just supplying a DWI volume and a protocol.




Generating a ROI mask

It is sometimes convenient to run analysis on a single slice (Region Of Interest) before running it whole brain.
Using the tab “Generate ROI mask” it is possible to load a whole brain mask and create a new mask where only one slice is used.
This ROI mask is just another mask with even more voxels masked.

We do not need this step for the MDT example slices since that dataset is already compressed to two slices.




NODDI estimation example

With a protocol and mask ready we can now proceed with model analysis.
The first step is to check which devices we are currently using.
Please open the runtime settings dialog using the menu bar (typically on the top of the GUI, File -> Runtime settings).
This dialog will resemble the following example except that the devices listed will match your system configuration:


[image: _images/mdt_gui_runtime_settings.png]
The runtime settings showing the devices MDT can use for the computations.



Typically you only want to select one or all of the available GPU’s (Graphical Processing Units) since they are faster.
In contrast, on Apple / OSX the recommendation is to use the CPU since the OpenCL drivers by Apple crash frequently.

Having chosen the device(s) to run on, please open the tab “Fit model” and fill in the fields using the “b1k_b2k” dataset as an example.
The drop down menu shows the models MDT can use.

Having filled in all the required fields, select the “NODDI” model, and press “Run”.
MDT will now compute your selected model on the data.
Please note that for some models, MDT will first compute another model to serve as initialization for your selected model.
For instance, when running NODDI, MDT first estimates the BallStick_r1 model to use as initialization for the NODDI model.
When the calculations are finished you can click the “View results” button to launch the MDT map viewer GUI for visually inspecting the results.
See Maps visualizer for more details on this visualizer.

By default MDT returns a lot of result maps, like various error maps and additional maps like FSL like vector component maps.
All these maps are in nifti format (.nii) and can be viewed and opened in any compatible viewer like for example fslview or the Maps visualizer.

In addition to the results, MDT also writes a Python and a Bash script file to a “script” directory next to your DWI file.
These script files allow you to reproduce the model fitting using a Python script file or command line.




Estimating any model

In general, using the GUI, estimating any model is just a matter of selecting the right model and clicking the run button.
Please be advised though that some models require specific protocol values to be present.
For example, the CHARMED models requires that the “TE” is specified in the protocol or as a protocol map.
MDT will help you by warning you if the available data is not suited for the selected model.

For adding additional data, like protocol maps, a noise standard deviation or a gradient deviations map you can use the button “Additional data”.


[image: _images/mdt_additional_problem_data.png]
The dialog for adding additional input data.



If you are providing the gradient deviations map, please be advised that this uses the standard set by the HCP Wuminn consortium.

The button “Optimization options” allows you to set some of the Available optimization routines.






Command Line interface

After installation a few command line functions are installed to your system.
These commands, prefixed with mdt-, allow you to use various functionality of MDT using the command line.
For an overview of the available commands, please see: CLI index.


Creating a protocol file

As explained in Protocol, MDT stores all the acquisition settings relevant for the analysis in a Protocol file.
To create one using the command line, you can use the command mdt-create-protocol.
The most basic usage is to create a protocol file from a b-vec and b-val file:

$ mdt-create-protocol data.bvec data.bval





which will generate a protocol file named “data.prtcl”.
For a more sophisticated protocol, one can add additional columns using the --<column_name> <value> syntax.
For example:

$ mdt-create-protocol d.bvec d.bval --Delta 26.5 --delta delta.txt





which will add both the column Delta to your protocol file (with a static value of 26.5 ms) and the column delta
which is read from a file. If a file is given it can either contain a column, row or scalar.

If you have already generated a protocol file and wish to change it you can use the mdt-math-protocol command.
This command allows you to change a protocol file using an expression. For example:

$ mdt-math-protocol p.prtcl 'G *= 1e-3; TE = 60e-3; del(TR)' -o new.prtcl





this example command scales G, adds (or replaces) TE and deletes the column TR from the input protocol file and writes the results to a new protocol file.

An example usage in the case of the MDT example data would be the command:

$ cd b1k_b2k
$ mdt-create-protocol b1k_b2k.bvec b1k_b2k.bval \
    --Delta 26.5 \
    --delta 16.2 \
    --TE 60 \
    --TR 7100 \





note that by default the sequence timings are in ms for this function
and the elements Delta, delta, TE and TR will automatically be scaled and stored as seconds.




Creating a brain mask

MDT has some rough functionality for creating a brain mask, similar to the median_otsu algorithm in Dipy.
This algorithm is only meant for generating a rough brain mask and is not as sophisticated as for example BET from FSL.

Creating a mask is possible with the command mdt-create-mask:

$ mdt-create-mask data.nii.gz data.prtcl





which generates a mask named data_mask.nii.gz.




Generating a ROI mask

It is sometimes convenient to run analysis on a single slice (Region Of Interest) before running it whole brain.
For the example data we do not need this step since that dataset is already compressed to two slices.

To create a ROI mask for your own data you can either use the mdt-create-roi-slice command or the mdt-math-img command.
An example with the mdt-create-roi-slice would be:

$ mdt-create-roi-slice mask.nii.gz -d 2 -s 30





here we generate a mask in dimension 2 on index 30 (0-based).

The other way of generating a mask is by using the mdt-math-img command, as a similar example to the previous one:

$ mdt-math-img mask.nii.gz 'a[..., 30]' -o mask_2_30.nii.gz





Also note that since mdt-math-img allows general expressions on nifti files, it can also generate more complex ROI masks.




NODDI estimation example

Model fitting using the command line is made easy using the mdt-model-fit command.
Please see the reference manual for all switches and options for the model fit command.

The basic usage is to fit for example NODDI on a dataset:

$ cd b1k_b2k
$ mdt-model-fit NODDI \
    b1k_b2k_example_slices_24_38.nii.gz \
    b1k_b2k.prtcl \
    *mask.nii.gz





This command needs at least a model name, a dataset, a protocol and a mask to function.
Please note that for some models, MDT will first compute another model to serve as initialization for your selected model.
For instance, when running NODDI, MDT first estimates the BallStick_r1 model to use as initialization for the NODDI model.
For a list of supported models, please run the command mdt-list-models.

When the calculations are done you can use the MDT maps visualizer (mdt-view-maps) for viewing the results:

$ mdt-view-maps output/BallStick_r1





For more details on the MDT maps visualizer, please see the chapter Maps visualizer.




Estimating any model

In principle every model in MDT can be fitted using the mdt-model-fit.
Please be advised though that some models require specific protocol values to be present.
For example, the CHARMED models requires that the “TE” is specified in your protocol.
MDT will warn you if the available data is not suited for the selected model.

Just as in the GUI, it is possible to add additional data like protocol maps, a noise standard deviation or a gradient deviations map to the model fit command.
Please see the available switches of the mdt-model-fit command.






Python interface

The most direct method to interface with MDT is by using the Python interface.
Most actions in MDT are accessible using the mdt namespace, obtainable using:

import mdt





When using MDT in an interactive shell you can use the default dir and help commands to get more information
about the MDT functions. For example:

>>> import mdt
>>> dir(mdt) # shows the functions in the MDT namespace
...
>>> help(mdt.fit_model) # shows the documentation a function
...






Creating a protocol file

As explained in Protocol, MDT stores all the acquisition settings relevant for the analysis in a Protocol file.
The simplest way of creating a Protocol is by using the function create_protocol() to create a Protocol file and object.

To (re-)create the protocol file for the b1k_b2k dataset you can use the following command:

protocol = mdt.create_protocol(
    bvecs='b1k_b2k.bvec', bvals='b1k_b2k.bval',
    out_file='b1k_b2k.prtcl',
    Delta=26.5e-3, delta=16.2-3, TE=60e-3, TR=7.1)





Please note that the Protocol class is a singleton and adding or removing columns involves a copy operation.
Also note that we require the columns to be in SI units.




Generating a brain mask

MDT has some rough functionality for creating a brain mask, similar to the median_otsu algorithm in Dipy.
This algorithm is not as sophisticated as for example BET in FSL, therefore we will not go in to much detail here.
The mask generating functionality in MDT is merely meant for quickly creating a mask within MDT.

Creating a mask with the MDT Python interface can be done using the function create_median_otsu_brain_mask().
For example:

mdt.create_median_otsu_brain_mask(
    'b1k_b2k_example_slices_24_38.nii.gz',
    'b1k_b2k.prtcl',
    'data_mask.nii.gz')





which generates a mask named data_mask.nii.gz.




Generating a ROI mask

It is sometimes convenient to run analysis on a single slice (Region Of Interest) before running it whole brain.
For the example data we do not need this step since that dataset is already compressed to two slices.

Since we are using the Python interface we can use any Numpy slice operation to cut the data as we please.
An example of operating on a nifti file is given by:

nifti = mdt.load_nifti('mask.nii.gz')
data = nifti.get_data()
header = nifti.header

roi_slice = data[..., 30]

mdt.write_nifti(roi_slice, header, 'roi_mask.nii.gz')





this generates a mask in dimension 2 on index 30 (be wary, Numpy and hence MDT use 0-based indicing).




NODDI estimation example

For model fitting you can use the fit_model() command.
This command allows you to optimize any of the models in MDT given only a model, input data and output folder.

The basic usage is to fit for example NODDI on a dataset:

input_data = mdt.load_input_data(
    '../b1k_b2k/b1k_b2k_example_slices_24_38',
    '../b1k_b2k/b1k_b2k.prtcl',
    '../b1k_b2k/b1k_b2k_example_slices_24_38_mask')

inits = mdt.get_optimization_inits('NODDI', input_data, 'output')

mdt.fit_model('NODDI', input_data, 'output',
              initialization_data={'inits': inits})





First, we load the input data (see load_input_data()) with all the relevant modeling information.
Second, we try to find a good starting position for our model using the mdt.get_optimization_inits() command.
This function returns a dictionary with initialization, fixation and boundary condition information which is suitable for your model and data.
Please note that this function only works for models that ship by default with MDT, but due to the general nature of the initialization_data attribute
of the fit_model() function you can easily generate your own initialization values.

By default, this model fit function tries to initialize the model with a good starting point using the function
mdt.get_optimization_inits(). You can also disable this feature by setting use_cascaded_inits to False, i.e.:

mdt.fit_model('NODDI', input_data, 'output',
              use_cascaded_inits=False)





For precise control of the initialization, you can also find the starting point yourself and initialize the model manually using:

input_data = ...

inits = mdt.get_optimization_inits('NODDI', input_data, 'output')

mdt.fit_model('NODDI', input_data, 'output',
              use_cascaded_inits=False,
              initialization_data={'inits': inits})





When the calculations are done you can use the MDT maps visualizer for viewing the results:

mdt.view_maps('../b1k_b2k/output/BallStick_r1')








Full example

To summarize the code written above, here is a complete and ease of use MDT model fitting example:

import mdt

protocol = mdt.create_protocol(
    bvecs='b1k_b2k.bvec', bvals='b1k_b2k.bval',
    out_file='b1k_b2k.prtcl',
    Delta=26.5e-3, delta=16.2-3, TE=60e-3, TR=7.1)

input_data = mdt.load_input_data(
    'b1k_b2k_example_slices_24_38',
    'b1k_b2k.prtcl',
    'b1k_b2k_example_slices_24_38_mask')

mdt.fit_model('NODDI', input_data, 'output')








Estimating any model

In principle every model in MDT can be fitted using the model fitting routines.
Please be advised though that some models require specific protocol values to be present.
For example, the CHARMED models requires that the “TE” is specified in your protocol.
MDT will help you by warning you if the available data is not suited for the selected model.

To add additional data to your model computations, you can use the additional keyword arguments to the load_input_data() command.




Fixing parameters

To fix parameters, as for example fibre orientation parameters, one can use the initialization_data keyword of the fit_model() command.
This keyword allows fixing and initializing parameters just before model optimization and sampling.
The following example shows how to fix the fibre orientation parameters of the NODDI model during optimization:

theta, phi = <some function to generate angles>

mdt.fit_model('NODDI',
    ...
    initialization_data={
        'fixes': {'NODDI_IC.theta': theta,
                  'NODDI_IC.phi': phi}
    })





The syntax of the initialization_data is:

initialization_data = {'fixes': {...}, 'inits': {...}}





where both fixes and inits are dictionaries with model parameter names mapping to either scalars or 3d/4d volumes.
The fixes indicates parameters that will be fixed to those values, which will actively exclude those parameters from optimization.
The inits indicate initial values (starting position) for the parameters.






Available optimization routines

MDT features GPU accelerated optimization routines, carefully selected for their use in microstructure MRI imaging [Harms2017].
For reusability, these optimization routines are available in the Multithreaded Optimization Toolbox (MOT) [https://mot.readthedocs.io/en/latest_release/].
This optimization toolbox contains various optimization routines programmed in OpenCL for optimal performance on both CPU and GPU.
The following optimization routines are available to MDT:


	Powell [Powell1964] (wiki [https://en.wikipedia.org/wiki/Powell%27s_method])


	Levenberg-Marquardt [Levenberg1944], (wiki [https://en.wikipedia.org/wiki/Levenberg%E2%80%93Marquardt_algorithm])


	Nelder-Mead simplex  [Nelder1965], (wiki [https://en.wikipedia.org/wiki/Nelder%E2%80%93Mead_method])


	Subplex [Rowan1990]




the number of iterations of each of these routines can be controlled by a variable named patience which sets the
number of iterations to \(p * (n+1)\) where \(p\) is the patience and \(n\) the number of parameters to be fitted.
By setting the patience indirectly we can implicitly account for model complexity.

By default, MDT uses the Powell routine for all models, although with some models a different routine might perform better
for a specific model. We advice experimenting with the different routines to see which performs best for your model.


Setting the routine

From within the graphical interface, the options can be set using the Optimization Options button in the model fit tab.
Showing you a frame similar to:


[image: _images/mdt_optimization_options.png]
The graphical dialog to setting the optimization options.



Using the command line the same options can be set using --method and --patience, as:

$ cd b1k_b2k
$ mdt-model-fit \
    ... \
    --method Powell
    --patience 2





Using the Python API the options are specified as:

mdt.fit_model(
    ...,
    method='Powell',
    optimizer_options={'patience': 2}
)





References











          

      

      

    

  

    
      
          
            
  
MCMC sampling

MDT supports Markov Chain Monte Carlo (MCMC) sampling of all models as a way of recovering the full posterior density of model parameters given the data.
While model fitting provides you only with a maximum likelihood estimate and a standard deviations using the Fisher Information Matrix,
MCMC sampling approximates the full posterior distribution by drawing many samples of the parameters.

In contrary to model fitting, model sampling is currently only available using the Python function mdt.sample_model().

The main workflow is similar to the model fitting in that that you load some (pre-processed) MRI data, select a model, and let MDT do the sampling for you.
In most cases you will also want to initialize the sampling routine using a better initialization point, which is typically provided by the model fitting.

The common workflow is to first optimize the model using the model fitting routines and use that as a starting point for the MCMC sampling.
A full example would be:

import mdt

input_data = mdt.load_input_data(
    '../b1k_b2k/b1k_b2k_example_slices_24_38',
    '../b1k_b2k/b1k_b2k.prtcl',
    '../b1k_b2k/b1k_b2k_example_slices_24_38_mask')

inits = mdt.get_optimization_inits('NODDI', input_data, 'output')

mle = mdt.fit_model('NODDI', input_data, 'output',
                    initialization_data={'inits': inits})

samples = mdt.sample_model(
    'NODDI',
    input_data,
    'output',
    nmr_samples=1000,
    burnin=0,
    thinning=0,
    initialization_data={'inits': mle}
)





here, we load the input data, get a suitable optimization starting point, fit the NODDI model and then finally use that as a starting point for the MCMC sampling.


Post-processing

Instead of storing the samples and post-processing the results afterwards, it is also possible to let MDT do some post-processing while it still has the samples in memory.
For example, when you are low on disk space you could do all the post-processing directly after sampling such that you have all your statistic maps without storing all the samples.
Common post-processing options are available using the post_processing argument to the mdt.sample_model() function.
More advanced (custom) functionality can be called using the post_sampling_cb argument.


Common post-processing

Common post-processing, with their defaults are given by:

mdt.sample_model(
    ...
    post_processing={
        'univariate_ess': False,
        'multivariate_ess': False,
        'maximum_likelihood': False,
        'maximum_a_posteriori': False,
        'average_acceptance_rate': False,
        'model_defined_maps': True,
        'univariate_normal': True}
)





The individual options are:


	Univariate ess: the Effective Sample Size for every parameter


	Multivariate ess: a multivariate Effective Sample Size using all parameters


	Maximum likelihood: take (per voxel) the samples with the highest log-likelihood


	Maximum a posteriori: take (per voxel) the samples with the highest posterior (log-likelihood times log-prior)


	Average acceptance rate: compute the average acceptance rate per parameter


	Model defined maps: output the additional maps defined in the model definitions


	Univariate normal: output a mean and standard deviation per model parameter







Custom post-processing

In addition to the common post-processing options, MDT also allows you to specify a generic callback function for post-processing.
This function takes as input the sampling results and the current model and should output a (nested) dictionary with output maps / folders (when nested).

As an example, to replicate the maximum_a_posteriori post-processing option we can use:

def maximum_a_posteriori(sampling_output, composite_model):
    from mdt.utils import split_array_to_dict

    samples = sampling_output.get_samples()
    log_likelihoods = sampling_output.get_log_likelihoods()
    log_priors = sampling_output.get_log_priors()

    posteriors = log_likelihoods + log_priors

    map_indices = np.argmax(posteriors, axis=1)
    map_samples = samples[range(samples.shape[0]), :, map_indices]

    result_maps = split_array_to_dict(
        map_samples,
        composite_model.get_free_param_names())

    return {'my_post_processing': result_maps}

mdt.sample_model(
    ...
    post_sampling_cb=maximum_a_posteriori
)





this will save all the maps from result_maps to a sub-directory called my_post_processing.









          

      

      

    

  

    
      
          
            
  
Adding components

Components are a modular sub-system of MDT allowing you to add models and other functionality to MDT.

On the moment MDT supports the following components:


	Composite models: the models fitted by MDT, these are built out of the compartment models


	Compartment models: reusable models of diffusion and relaxometry models


	Parameters: definitions of common parameters shared between models


	Library functions: library functions for use in composite models


	Batch profiles: for the batch functionality in MDT





Defining components

There are two ways of adding or updating components in MDT, Global definitions, by adding a component to your configuration folder or Dynamic definitions by defining it dynamically in your modeling scripts.


Global definitions

For persistent model definitions you can use the .mdt folder in your home folder.
This folder contains diffusion MRI models and other functionality that you can extend without needing to reinstall or recompile MDT.

The .mdt folder contains, for every version of MDT that existed on your machine, a directory containing the configuration files and a
folder with the dynamically loadable modules.
A typical layout of the .mdt directory is:


	
	.mdt/

	
	
	<version>/

	
	mdt.default.conf


	mdt.conf


	components/




















The configuration files are discussed in Advanced configuration, the components folder is used for the global model definitions.

The components folder consists of two sub-folders, standard and user, with an identical folder structure for the contained modules:


	
	components/

	
	
	standard

	
	compartment_models


	composite_models


	…










	
	user

	
	compartment_models


	composite_models


	…




















By editing the contents of these folders, the user can add, extend and/or remove functionality globally and persistently.
The folder named standard contains modules that come pre-supplied with MDT.
These modules can change from version to version and any change you make in in this folder will be lost after an update.
To make persistent changes you can add your modules to the user folder.
The content of this folder is automatically copied to a new version.




Dynamic definitions

Alternatively, it is also possible to define components on the fly in your analysis scripts.
This is as simple as defining a template in your script prior to using it in your analysis.
For example, prior to calling the fit model function, you can define a new model as:

from mdt import CompositeModelTemplate

class BallZeppelin(CompositeModelTemplate):
    model_expression = '''
        S0 * ( (Weight(w_csf) * Ball) +
               (Weight(w_res) * Zeppelin) )
    '''

mdt.fit_model('BallZeppelin', ...)





It is also possible to overwrite existing models on the fly, for example:

import mdt

class Tensor(mdt.get_template('composite_models', 'Tensor')):
    likelihood_function = 'Rician'

mdt.fit_model('Tensor', ...)





Breaking this up, in the first part:

class Tensor(mdt.get_template('composite_models', 'Tensor')):
    likelihood_function = 'Rician'





we load the last available Tensor model template from MDT (using get_template('composite_models', 'Tensor')) and use it as a basis for an updated template.
Then, since this class is also named Tensor (by saying class Tensor(...)) this new template will override the previous Tensor.
The body of this template then updates the previous Tensor, in this case by changing the likelihood function.

In the second part:

mdt.fit_model('Tensor', ...)





we just call mdt.fit_model with as model Tensor.
MDT will then load the model by taking the last known definitions.
As such, the new Tensor model with the updated likelihood function will be used in the model fitting.

To remove an entry, you can use, for example:

mdt.remove_last_entry('composite_models', 'Tensor')





This functionality allows you to overwrite and add models without adding them to your home folder.






Composite models

The composite models, or, multi-compartment models, are the models that MDT actually optimizes.
Composite models are formed by a combination / composition, of compartment models.

When asked to optimize (or sample) a composite model, MDT combines the CL code of the compartments into one objective function and
combines it with a likelihood function (Rician, OffsetGaussian, Gaussian).
Since the compartments already contain the CL code, no further CL modeling code is necessary in the multi-compartment models.

Composite models are defined by inheriting from CompositeModelTemplate.
The following is an minimal example of a composite (multi-compartment) model in MDT:

class BallStick_r2(CompositeModelTemplate):

    model_expression = '''
        S0 * ( (Weight(w_ball) * Ball) +
               (Weight(w_stick0) * Stick(Stick0)) +
               (Weight(w_stick1) * Stick(Stick1)) )
    '''





The model expression is a string that expresses the model in a MDT model specific mini-language.
This language, which only accepts the operators *, /, + and - can be used to combine your compartments in any way possible (within the grammar of the mini-language).
MDT parses this string, loads the compartments from the compartment models and uses the CL code of these compartments to create the CL objective function for your complete composite model.

The example above combines the compartments (Ball and Stick) as a weighted summation using the special compartment Weight for the compartment weighting
(these weights are sometimes called volume fractions).

The example also shows compartment renaming.
Since it is possible to use a compartment multiple times, it is necessary to rename the double compartments to ensure that all the compartments have a unique name.
This renaming is done by specifying the nickname in parenthesis after the compartment.
For example Stick(Stick0) refers to a Stick compartment that has been renamed to Stick0.
This new name is then used to refer to that specific compartment in the rest of the composite model attributes.

The composite models have more functionality than what is shown here.
For example, they support parameter dependencies, initialization values, parameter fixations and protocol options.


Parameter dependencies

Parameter dependencies make explicit the dependency of one parameter on another.
For example, some models have both an intra- and an extra-axonal compartment that both feature the theta and phi fibre orientation parameters.
It could be desired that these angles are exactly the same for both compartments, that is, that they both reflect the exact same fibre orientation.
One possibility to solve this would be to create a new compartment having the features of both the intra- and the extra-axonal compartment.
This however lowers the reusability of the compartments.
Instead, one could define parameter dependencies in the composite model.
For example:

class NODDI(CompositeModelTemplate):
    ...
    fixes = {
        ...
        'Ball.d': 3.0e-9,
        'NODDI_EC.dperp0': 'NODDI_EC.d * (w_ec.w / (w_ec.w + w_ic.w))',
        'NODDI_EC.kappa': 'NODDI_IC.kappa',
        'NODDI_EC.theta': 'NODDI_IC.theta',
        'NODDI_EC.phi': 'NODDI_IC.phi'
    }





In this example, we used the attribute fixes to specify dependencies and parameter fixations.
The attribute fixes accepts a dictionary with as key the name of the parameter and as value a scalar, a map or a dependency.
The dependency can either be given as a string or as a dependency object.

In the example above we added two simple assignment dependencies in which the theta and phi of the NODDI_EC compartment are locked to that of the NODDI_IC compartment.
This dependency locks the NODDI_EC theta and phi to that of NODDI_IC assuring that both the intra cellular and extra cellular models reflect the same orientation.




Weights sum to one

Most composite models consist of a weighted sum of compartments models.
An implicit dependency in this set-up is that those weights must exactly sum to one.
To ensure this, MDT adds, by default, a dependency to the last Weight compartment in the composite model definition.
This dependency first normalizes (if needed) the n-1 Weight compartments by their sum \(s = \sum_{i}^{n-1}w_{i}\).
Then, the last Weight, which is not optimized explicitly, is then either set to zero, i.e. \(w_{n} = 0\) or set as \(w_{n}=1-s\) if s is smaller than zero.

If you wish to disable this feature, for example in a model that does not have a linear sum of weighted compartments, you can use set the attribute enforce_weights_sum_to_one to false, e.g.:

class MyModel(CompositeModelTemplate):
    ...
    enforce_weights_sum_to_one = False








Protocol options

It is possible to add dMRI volume selection to a composite model using the “protocol options”.
These protocol options allow the composite model to select, using the protocol, only those volumes that it can use for optimization.
For example, the Tensor model is defined to work with b-values up to 1500 s/mm^2, yet the user might be using a dataset that has more shells, with some shells above the b-value threshold.
To prevent the user from having to load a separate dataset for the Tensor model and another dataset for the other models, we implemented in MDT model protocol options.
This way, the end user can provide the whole protocol file and the models will pick from it what they need.

Please note that these volume selections only work with columns in the protocol, not with the extra_protocol maps.

There are two ways to enable this mechanism in your composite model.
The first is to add the volume_selection directive to your model:

class Tensor(CompositeModelTemplate):
    ...
    volume_selection = {'b': [(0, 1.5e9 + 0.1e9)]}





This directive specifies that we wish to use a subset of the weighted volumes, that is, a single b-value range with b-values between b=0 and b=1.5e9 s/m^2.
Each key in volume_selection should refer to a column in the protocol file and each value should be a list of ranges.

The second method is to add the bound function _get_suitable_volume_indices to your model definition. For example:

...
from mdt.component_templates.base import bind_function

class Tensor(CompositeModelTemplate):
    ...

    @bind_function
    def _get_suitable_volume_indices(self, input_data):
        return protocol.get_indices_bval_in_range(start=0, end=1.5e9 + 0.1e9)





This function should then return a list of integers specifying the volumes (and therefore protocol rows) you wish to use in the analysis of this model.
To use all volumes you can use something like this:

@bind_function
def _get_suitable_volume_indices(self, input_data):
    return list(range(input_data.protocol.length))








Extra result maps

It is also possible to add additional parameter maps to the fitting and sampling results.
These maps are meant to be forthcoming to the end-user by providing additional maps to the output.
Extra results maps can be added by both the composite model as well as by the compartment models.

Just as with compartment models, one can add extra output maps to the optimization results and to the sampling results as:

class MyModel(CompositeModelTemplate):
    ...
    extra_optimization_maps = [
        lambda results: ...
    ]

    extra_sampling_maps = [
        lambda samples: ...
    ]





where each callback function should return a dictionary with extra maps to add to the output.




Likelihood functions

Models are optimized by finding the set of free parameter values \(x \in R^{n}\) that minimize the likelihood function of the
modeling errors \((O - S(x))\) with \(O\) the observed data and \(S(x)\) the model signal estimate.
In diffusion MRI the common likelihood models are the Gaussian, Rician and OffsetGaussian models.
Each has different characteristics and implements the modeling \((O - S(x))\) in a slightly different way.
Following (Harms 2017) we use, by default, the Offset Gaussian likelihood model for all models.
To change this to another likelihood model for one of your models you can override the likelihood_function attribute, for example:

class MyModel(CompositeModelTemplate)
    ...
    likelihood_function = 'Rician'





By default the likelihood_function attribute is set to OffsetGaussian.
The likelihood function can either be defined as a string or as an object.
Using a string, the possible options are Gaussian, OffsetGaussian and Rician.
Using an object, you must provide an instance of mdt.model_building.likelihood_functions.LikelihoodFunction.
For example:

...
from mdt.model_building.likelihood_functions import RicianLikelihoodFunction

class MyModel(CompositeModelTemplate)
    ...
    likelihood_function = RicianLikelihoodFunction()





All listed likelihood functions require a standard deviation \(\sigma\) representing the noise in the input data.
This value is typically taken from the noise of the images in the complex domain and is provided in the input data (see Input data).




Constraints

It is possible to add additional inequality constraints to a composite model, using the constraints attribute.
These constraints need to be added as the result of the function \(g(x)\) where we assume \(g(x) \leq 0\).

For example, in the NODDIDA model we implemented the constraint that the intra-cellular diffusivity must be larger than the extra-cellular diffusivity, following Kunz et al., NeuroImage 2018.
Mathematically, this constraint can be stated as \(d_{ic} \geq d_{ec}\). For implementation in MDT, we will state it as \(d_{ec} - d_{ic} \leq 0\) and implement it as:

class NODDIDA(CompositeModelTemplate)
    ...
    constraints = '''
        constraints[0] = NODDI_EC.d - NODDI_IC.d;
    '''





This constraints attribute can hold arbitrary OpenCL C code, as long as it contains the literal constraints[i] for each additional constraint i.

From this constraints string, MDT creates a function with the same dependencies and parameters as the composite model.
This function is then provided to the optimization routines, which enforce it using the penalty method (https://en.wikipedia.org/wiki/Penalty_method).






Compartment models

The compartment models are the building blocks of the composite models.
They consists in basis of two parts, a list of parameters (see Parameters) and the model code in OpenCL C (see CL code).
At runtime, MDT loads the C/CL code of the compartment model and combines it with the other compartments to form the composite model.

Compartment models can be defined using the templating mechanism by inheriting from CompartmentTemplate.
For example, the Stick model can be defined as:

from mdt.component_templates.compartment_models import CompartmentTemplate

class Stick(CompartmentTemplate):

    parameters = ('g', 'b', 'd', 'theta', 'phi')
    cl_code = '''
        float4 n = (float4)(cos(phi) * sin(theta),
                                              sin(phi) * sin(theta),
                                              cos(theta),
                                              0);

        return exp(-b * d * pown(dot(g, n), 2));
    '''





This Stick example contains all the basic definitions required for a compartment model: a parameter list and CL code.


Defining parameters

The elements of the parameter list can either be string referencing one of the parameters in the library (like shown in the example above),
or it can be a direct instance of a parameter. For example, this is also a valid parameter list:

class special_param(FreeParameterTemplate):
    ...

class MyModel(CompartmentTemplate):

    parameters = ('g', 'b', special_param()())
    ...





where the parameters g and b are loaded from the dynamically loadable parameters while the special_param is given as a parameter instance.
It is also possible to provide a nickname for a parameter by stating something like:

parameters = ('my_theta(theta)', ...)





Here, the parameter my_theta is loaded with the nickname theta.
This allows you to use simpler names for the parameters of a compartment and allows you to swap a parameter for a different type while still using the same (external) name.




Dependency list

Some models may depend on other compartment models or on library functions.
These dependencies can be specified using the dependencies attribute of the compartment model definition.
As an example:

dependencies = ('erfi', 'MRIConstants', 'CylinderGPD')





This list should contain strings with references to either library functions or other compartment models.
In this example the erfi library function is loaded from MOT, MRIConstants from MDT and CylinderGPD is another compartment model which our example depends on.

Adding items to this list means that the corresponding CL functions of these components are included into the optimized OpenCL kernel and allows you to use the corresponding CL code in your compartment model.

For example, in the dependency list above, the MRIConstants dependency adds multiple constants to the kernel,
like GAMMA_H, the gyromagnetic ratio of in the nucleus of H in units of (rad s^-1 T^-1).
By adding MRIConstants as a compartment dependency, this constant can now be used in your compartment model function.




Defining extra functions for your code

It is possible that a compartment model needs some auxiliary functions that are too small for an own library function.
These can be added to the compartment model using the cl_extra attribute. For example:

class MyCompartment(CompartmentTemplate):

    parameters = ('g', 'b', 'd')
    cl_code = 'return other_function(g, b, d);'
    cl_extra = '''
        double other_function(
                float4 g,
                mot_float_type b,
                mot_float_type d){

            ...
        }
    '''








Extra result maps

It is possible to add additional parameter maps to the fitting and sampling results.
These maps are meant to be forthcoming to the end-user by providing additional maps to the output.
Extra results maps can be added by both the composite model as well as by the compartment models.
By defining them in a compartment model one ensures that all composite models that use that compartment profit from the additional output maps.

Just as with composite models, one can add extra output maps to the optimization results and to the sampling results as:

class MyCompartment(CompartmentTemplate):
    ...
    extra_optimization_maps = [
        lambda results: ...
    ]

    extra_sampling_maps = [
        lambda samples: ...
    ]





where each callback function should return a dictionary with extra maps to add to the output.




Constraints

It is possible to add additional inequality constraints to a compartment model, using the constraints attribute.
These constraints need to be added as the result of the function \(g(x)\) where we assume \(g(x) \leq 0\).

For example, in the Tensor model we implemented the constraint that the diffusivities must be in a strict order, such that
\(d_{\parallel} \geq d_{\perp_{0}} \geq d_{\perp_{1}}\).

For implementation in MDT, we will state this as the two constraints \(d_{\perp_{0}} \leq d_{\parallel}\) and \(d_{\perp_{1}} \leq d_{\perp_{0}}\), and implement it as:

class Tensor(CompartmentTemplate)
    ...
    constraints = '''
        constraints[0] = dperp0 - d;
        constraints[1] = dperp1 - dperp0;
    '''





This constraints attribute can hold arbitrary OpenCL C code, as long as it contains the literal constraints[i] for each additional constraint i.

From this constraints string, MDT creates a function with the same dependencies and parameters as the compartment model.
This function is then provided to the optimization routines, which enforce it using the penalty method (https://en.wikipedia.org/wiki/Penalty_method).






Parameters

Parameters form the building blocks of the compartment models.
They define how data is provided to the model and form a bridge between the model and the Input data.

The type of a parameters determines how the model uses that parameter.
For example, compare these two parameters:

class theta(FreeParameterTemplate):
    ...

class b(ProtocolParameterTemplate):
    ...





In this example the theta parameter is defined as a free parameter while the b parameter is defined as a protocol parameter.
The type matters and defines how MDT handles the parameter.
There are only two types available:


	FreeParameterTemplate, for Free parameters


	ProtocolParameterTemplate, for Protocol parameters




See the sections below for more details on each type.


Free parameters

These parameters are normally supposed to be optimized by the optimization routines.
They contain some meta-information such as a lower- and upper- bound, sampling prior, parameter transformation function and more.
During optimization, parameters of this type can be fixed to a specific value, which means that they are no longer optimized
but that their values (per voxel) are provided by a scalar or a map.
When fixed, these parameters are still classified as free parameters (you can consider them as fixed free parameters).

To fix these parameters you can either define so in a composite model or using the Python API before model optimization

mdt.fit_model('CHARMED_r1',
              ...,
              initialization_data=dict(
                  fixes={},
                  inits={}
              ))





A free parameter is identified by having the super class FreeParameterTemplate.

Hereunder we list some details that are important when adding a new free parameter to MDT.


Parameter transformations

Panagiotaki (2012) and Harms (2017) describe the use of parameter transformations to limit the range of each parameter
to biophysical meaningful values and to scale the parameters to a range better suited for optimization.
They work by injecting a parameter transformation before model evaluation that limits the parameters between bounds.
See (Harms 2017) for more details on which transformations are used in MDT.
You can define the transformation function used by setting the parameter_transform attribute.
For an overview of the available parameter transformations, see transformations in MOT.




Sampling

For sampling one needs to define per parameter a prior and a proposal function.
These can easily be added in MDT using the attributes sampling_proposal and sampling_prior.
Additionally, one can define a sampling statistic function sampling_statistics which is ran after sampling and returns statistics on the observed samples.






Protocol parameters

These parameters are meant to be fulfilled by the values in the Protocol file (see Protocol) or in the extra protocol maps.
During model optimization, MDT checks the model for protocol parameters and tries to match the names of the protocol parameters with available protocol data.
Protocol data can be submitted using either the Protocol file, or using voxel-based protocol maps.

By matching parameter names with input values, the user can add protocol values dynamically by ensuring a common name between the protocol parameter and the provided values.

A protocol parameter is identified by having the super class ProtocolParameterTemplate.






Library functions

Library functions are Python wrappers around reusable CL functions.
Having specified them in the compartment model they are included in the CL kernel and hence their CL functions are usable from within the compartment models.

To create one, please look at one of the existing library functions.
To use one, add to your compartment model the attribute dependencies and add there one or more of the library functions to include in the CL code.

Next to the library functions available in MDT, there are also a few loadable functions in MOT, see library_functions [https://mot.readthedocs.io/en/latest/mot.library_functions.html#module-mot.library_functions] for a list.




Batch profiles

Batch profiles are part of the batch processing engine in MDT.
They specify how all the necessary data for model fitting (protocol, nifti volumes, brain mask, noise std, etc.) can be loaded from a directory containing one or more subjects.

The general idea is that the batch profiles indicate how the data is supposed to be loaded per subject.
This batch profile can then be used by functions like batch_apply() to apply a function to all subjects in the batch profile.

For example, suppose you have a directory containing a lot of subjects on which you want to run the NODDI analysis using MDT.
One way to do this would be to write a script that loops over the directories and calls the right fitting commands per subject.
Another approach would be to write a batch profile and use the batch processing utilities in MDT to process the datasets automatically.
The advantage of the latter is that there are multiple batch processing tools in MDT such as batch_fit(), batch_apply() and
run_function_on_batch_fit_output() that allow you to easy manipulate large groups of subjects.

Since the batch profiles form an specification of the directory structure, MDT can guess from a given directory which batch profile to use for that directory.
This makes batch processing in some instances as simple as using:

$ mdt-batch-fit . 'BallStick_r1'





To fit BallStick_r1 to all subjects found (assuming a suitable batch profile was found).







          

      

      

    

  

    
      
          
            
  
Maps visualizer

The MDT maps visualizer is a small convenience utility to visually inspect multiple nifti files simultaneously.
In particular, it is useful for quickly visualizing model fitting results.

This viewer is by far not as sophisticated as for example fslview and itksnap, but that is also not its intention.
The primary goal of this visualizer is to quickly display model fitting results to evaluate the quality of fit.
A side-goal of the viewer is the ability to create reproducible and paper ready figures showing slices of various volumetric maps.

Features include:


	output figures as images (.png and jpg) and as vector files (.svg)


	the ability to store plot configuration files that can later be loaded to reproduce figures


	easily display multiple maps simultaneously




Some usage tip and tricks are:


	Click on a point on a map for an annotation box, click outside a map to disable


	Zoom in by scrolling in a plot


	Move the zoom box by clicking and dragging in a plot


	Add new nifti files by dragging them from a folder into the GUI




The following is a screenshot of the GUI displaying NODDI results of the b1k_b2k MDT example data slices.


[image: _images/mdt_view_maps_gui.png]
The MDT map visualizer in Linux



The MDT maps visualizer can be started in three ways, from the MDT analysis GUI, from the command line and using the Python API.
With the command line, the visualizer can be started using the command mdt-view-maps, for example:

$ mdt-view-maps .





In Windows, one can also type this command in the start menu search bar to load and start the GUI.
Using Python, the GUI can be started using the command mdt.view_maps(), for example:

>>> import mdt
>>> mdt.view_maps('output/NODDI')





Finally, using the MDT analyis GUI, the maps visualizer can be started from the menu bar, “File” -> “Maps visualizer”


GUI Layout

The main body of the GUI is split into two parts, the control panel on the left and the display panel on the right.
All plot configuration options can be updated using the control panel, which includes things like colormaps, zooming, font sizes, rotations, clipping and more.
Changes in the plot settings are automatically reflected in the display panel.
This panel shows the current plot using matplotlib as a plotting backend.

On the bottom of the control panel are a few switches to control the rendering of the plots in the display panel.
The checkbox “Auto render” disables/enables the automatic rerendering of the plots, allowing you to change multiple settings without rerendering delays.
A manual redraw can be forced using the “Redraw” button.
The back and forward arrows allow you to undo or redo updates to the plot settings.

When hovering a map, the bottom right of the window shows some basic voxel statistics for the current mouse position.
The first tuple ((63, 50) in the example screenshot below), shows the position of the hovered voxel in the current viewport.
The second tuple ((63, 50, 0) in the example) shows the absolute position of the hovered voxel inside the nifti file (the two tuples can be different when the map is zoomed in or rotated).
Finally, the last item shows the value/intensity of the hovered voxel.


[image: _images/mdt_maps_visualizer_intro.png]
Screenshot of the GUI running in Linux




Control panel

The control panel consists of three tabs, “General”, “Maps” and “Textual”.
The first tab contains general options that all apply to the figure in total.
For instance, the zoom settings allows you to zoom in on all maps at the same time and the rotate option under miscellaneous rotates all displayed figures.

The second tab is for map specific options, here one can set plot configuration options that apply only to a single map.
After having selected the map you wish to change using the drop down box on the top of the panel you can then update all the values in the tab and the changes will be applied to the chosen map.
A common thing to change is the “Scale” of the map, which sets the range of the colormap to the defined scale, left empty this will auto-select a good scaling.
Another thing that can be set is the “Clipping” which will actively clip the data to be within the defined range.

The last tab of the control panel contains a live text area that allows you to change all plot settings (the general and the map specific) using a text editor.
This text box is automatically updated whenever one of the settings on the other tabs changes and vice versa.
This text box can be used to, for example, copy paste a configuration from one plot into another to let both reflect the exact same settings.
For more information on this feature, please see the next section.


[image: _images/mdt_maps_visualizer_control_panel.png]
Figure showing the three tabs of the control panel combined into one figure, with the general tab on the left,
the map specific options in the center and the textual input tab on the right.








Plot configuration

Any instance of the visualization routine consists of two things, data and a plot configuration.
The data is commonly loaded by selecting a directory with maps to load (or, using the Python API, a dictionary with maps).
Then, the selected maps or a subset of the maps, are visualized according to the plot configuration.
This plot configuration can be configured implicitly by using the “General” and “Maps” tag or explicitly using the “Textual” tab.

The plot configuration is commonly stored as a YAML formatted string that lists the various options as dictionary elements.
For example, the following configuration is a configuration for BallStick_r1 model fitting results where we set the zoom and the plot titles using the control panels.
As an example, after having followed the analysis getting started guide with the BallStick_r1 model, you could try to copy paste this example configuration in the “Textual” tab in the viewer.
It should then update the plot to reflect this configuration.

maps_to_show: [w_ball.w, w_stick.w]
slice_index: 0
zoom:
  p0: {x: 18, y: 4}
  p1: {x: 85, y: 98}
map_plot_options:
  w_ball.w:
    scale: {use_max: true, use_min: true, vmax: 1.0, vmin: 0.0}
    title: Isotropic (w_ball.w)
  w_stick.w:
    scale: {use_max: true, use_min: true, vmax: 1.0, vmin: 0.0}
    title: Anisotropic (w_stick.w)





An alternative way of saving this configuration file is by using the “Export settings” and “Import settings” in the menu.
This will provide easy ways of loading and saving the configuration file as a .conf file in YAML format.







          

      

      

    

  

    
      
          
            
  
Design concepts

This chapter introduces the reader to a few of the design concepts in MDT.


Protocol

In MDT, the Protocol contains the MRI measurement settings and is, by convention, stored in a protocol file with suffix .prtcl.
In such a protocol file, every row represents an MRI volume, and every column (tab separated) represents a specific protocol setting.
Since every row (within a column) can have a distinct value, this setup automatically enables multi-shell protocol files (just change the b-value per volume/row).

The following is an example of a simple MDT protocol file:

#gx,gy,gz,b
0.000e+00    0.000e+00    0.000e+00    0.000e+00
5.572e-01    6.731e-01    -4.860e-01   1.000e+09
4.110e-01    -5.254e-01   -7.449e-01   1.000e+09
...





And, for a more advanced protocol file:

#gx,gy,gz,Delta,delta,TE,b
-0.00e+0   0.00e+0   0.00e+0  2.18e-2   1.29e-2   5.70e-2   0.00e+0
 2.92e-1   1.71e-1  -9.41e-1  2.18e-2   1.29e-2   5.70e-2   3.00e+9
-9.87e-1  -8.54e-3  -1.60e-1  2.18e-2   1.29e-2   5.70e-2   5.00e+9
...





The header (starting with #) is a single required line with per column the name of that column.
The order of the columns does not matter but the order of the header names should match the order of the value columns.
MDT automatically links protocol columns to the protocol parameters of a model (see Protocol parameters), so make sure that the columns names are identical to the
protocol parameter names in your model.

The pre-provided list of column names is:


	b, the b-values in \(s/m^2\) (\(b = \gamma^2 G^2 \delta^2 (\Delta-\delta/3)\) with \(\gamma = 2.675987E8 \: rads \cdot s^{-1} \cdot T^{-1}\))


	gx, gy, gz, the gradient direction as a unit vector


	Delta, the value for \({\Delta}\) in seconds


	delta, the value for \({\delta}\) in seconds


	G, the gradient amplitude in T/m (Tesla per meter)


	TE, the echo time in seconds


	TR, the repetition time in seconds




Note that MDT expects the columns to be in SI units.

The protocol dependencies change per model and MDT will issue a warning if a required column is missing from the protocol.

A protocol can be created from a bvec/bval pair using the command line, python shell and/or GUI.
Please see the relevant sections in Maximum Likelihood Estimation for more details on creating a Protocol file.




Input data

In MDT, all data that is needed to fit a model is stored in a SimpleMRIInputData object.
An instance of this object needs to be created before fitting a model.
Then, during model fitting, the model loads the relevant data for the computations.

The easiest way to instantiate a input data object is by using the function load_input_data().
At a bare minimum, this function requires:


	volume_info, a path to the diffusion weighted volume


	protocol, an Protocol instance containing the protocol information


	mask, the mask (3d) specifying which voxels to use for the computations




Additionally you can provide noise standard deviation, a gradient deviations file and a dictionary of extra protocol values.
For the noise standard deviation you have the choice to either provide a single value, an ndarray with a value per voxel, or the string ‘auto’.
If ‘auto’ is given, MDT will try to estimate the noise standard deviation from the unweighted volumes.
While this typically works, it is advised to estimate the noise std. manually from air or from noise lines in your k-space.
The gradient deviations is a map specifying how the g vector differs in different areas in the scan.
This can be provided in HCP Wu-Minn format, as a 3x3 matrix per voxel, or as a 3x3 matrix per voxel per volume (i.e. as a (x, y, z, n, 3, 3) matrix for a dataset with n volumes).
With the extra protocol values the user can provide additional protocol values, these can be scalars, vectors, and/or volumes.
If given, these values take precedence over the values in the protocol file.




Dynamic modules

Extending and adapting MDT with new models is made easy using the dynamic library system allowing you to (re)define models anywhere.
Users are free to add, remove and modify components and MDT will pickup the changes automatically.
See Adding components for more information.




CL code

While MDT (and MOT) are programmed in Python, the actual computations are executed using OpenCL.
OpenCL is a platform and language specification that allows you to run C-like code on both the processor (CPU) and the graphics cards (GPU).
The reason MDT can be fast is since it a) uses a compiled language (OpenCL C) for the computations and b) executes this on the graphics card and/or all CPU cores.

The compartment models in MDT are programmed in the OpenCL C language (CL language from hereon).
See (https://www.khronos.org/registry/cl/sdk/1.2/docs/man/xhtml/mathFunctions.html) for a quick reference on the available math functions in OpenCL.

When optimizing a multi-compartment model, MDT combines the CL code of all your compartments into one large function and uses MOT to optimize this function using the OpenCL framework.
See this figure for the general compilation flow in MDT:

[image: _images/mdt_compilation_flow.png]
To support both single and double floating point precision, MDT uses the mot_float_type instead of float and double for most of the variables and function definitions.
During optimization and sampling, mot_float_type is type-defined to be either a float or a double, depending on the desired precision.
Of course this does not limit you to use double and float as well in your code.







          

      

      

    

  

    
      
          
            
  
Advanced configuration

The default MDT configuration can be viewed in your home folder in .mdt/<version>/mdt.default.conf.
This file is merely there for reference and is not read by MDT (rather, those defaults are loaded within MDT).
To override the default configuration you can copy this file to .mdt/<version>/mdt.conf and set (only) the options you wish to override.
These configuration files change the configuration of MDT at application startup, to apply a new configuration file you will need to restart MDT.


General config

The default configuration file is stored in .mdt/<version>/mdt.default.conf and is only there for reference.
The configuration is in YAML format.
To change part of the configuration you can make a copy of this file to .mdt/<version>/mdt.conf and set the specific options you want to change.

For example, suppose you want to disable the automatic zipping of the nifti files after optimization.
You can create an empty mdt.conf file and add to this the lines:

output_format:
    optimization:
        gzip: False
    sampling:
        gzip: False





This leaves the rest of the configuration file at the defaults.
If you also wish to change the default value of tmp_results_dir you can add it (in any order) to your mdt.conf file:

output_format:
    ...

tmp_results_dir: /tmp





The mdt.conf file is automatically copied to the directory of a new version.
The configuration options are stable in general and may only break over major versions.




GUI specific config

Next to the more general .mdt/<version>/mdt.conf which is applied in general, you can also have a GUI specific configuration file, .mdt/<version>/mdt.gui.conf.
When you start any of the MDT graphical interfaces, this file is loaded after the regular mdt.conf configuration and hence takes priority over the other settings.
Its purpose is to contain a few GUI specific configuration values as well as to be able to set a specific configuration for the GUI only.
The structure of the file is the same as that of the other configuration files.




Runtime configuration

It is also possible to change the MDT configuration during code execution using configuration contexts.
Contexts are a Python programming pattern that allows you to run code before and after another piece of code.
MDT uses this pattern to allow for temporarily changing the MDT configuration for the duration of the context.
An advantage of this pattern is that is makes sure that the configuration is reset back to its previous state after the code has been executed.
An example of using the configuration contexts:

with mdt.config_context(ConfigAction()):
    mdt.fit_model(...)





See the mdt.configuration module for more details on how to use this functionality.







          

      

      

    

  

    
      
          
            
  
Frequently Asked Questions


Table of Contents


	Installation problems


	No OpenCL device found


	Check devices


	Check drivers










	Analysis


	Why does the noise standard deviation differ when using another mask?











Installation problems


No OpenCL device found

If there are no CL devices visible in the GUI and the shell command mdt-list-devices returns nothing, no computations can be done using MDT.
To continue using MDT, OpenCL enabled hardware and corresponding drivers must be installed in your system.


Check devices

First, make sure that the graphics card and/or CPU in your system is capable of OpenCL acceleration.
To do so, look up the device name in your computer and find its specifications on the internet.
The device must support OpenCL and at least OpenCL version 1.2.




Check drivers

If your preferred device supports OpenCL and it does not show in MDT, you may be missing the device drivers.

If you would like to run the computations on a GPU (graphics card), please install the correct drivers for that card.
If you would like to run the computations on the CPU, you have two possibilities.
The first is to install an AMD graphics card, their drivers come pre-supplied with OpenCL drivers for CPU’s (for both Intel and AMD).
If you do not have a graphics card, or you have an NVidia card, you will have to install the Intel OpenCL Drivers [https://software.intel.com/en-us/articles/opencl-drivers] to your system.








Analysis


Why does the noise standard deviation differ when using another mask?

By default MDT tries to estimate the noise standard deviation of the images in the complex domain.
This standard deviation is used in the analysis as the standard deviation in the likelihood function (commonly Offset-Gaussian).
This standard deviation is commonly estimated using an average of per-voxel estimations.
When a different mask is used there are different voxels used for the standard deviation estimation and hence the resulting value differs.

To prevent this from happening it is suggested that researchers estimate the noise std. beforehand with a whole brain mask and use the obtained std. in all other analysis.
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Scientific articles

Please consider citing the following article when using MDT in your research:


	R.L. Harms, F.J. Fritz, A. Tobisch, R. Goebel, and A. Roebroeck. Robust and fast nonlinear optimization of diffusion MRI microstructure models. NeuroImage, 155(October 2016):82–96, jul 2017. URL: http://dx.doi.org/10.1016/j.neuroimage.2017.04.064, doi:10.1016/j.neuroimage.2017.04.064 [https://doi.org/10.1016/j.neuroimage.2017.04.064].


	R.L. Harms and A. Roebroeck. Robust and Fast Markov Chain Monte Carlo Sampling of Diffusion MRI Microstructure Models. Frontiers in Neuroinformatics, 12(December):1–18, dec 2018. URL: https://www.frontiersin.org/article/10.3389/fninf.2018.00097/full, doi:10.3389/fninf.2018.00097 [https://doi.org/10.3389/fninf.2018.00097].
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      	set_parameter_value() (mdt.models.composite.ModelFunctionsInformation method)


      	set_update_delay() (mdt.gui.widgets.composite_widgets.ScientificNumberScroller method)


      	set_upper_bound() (mdt.models.composite.DMRICompositeModel method)


      	set_upper_bounds() (mdt.models.composite.DMRICompositeModel method)


      	set_voxel() (mdt.visualization.samples.SampleVisualizer method)


      	set_voxel_info() (mdt.gui.maps_visualizer.main.PlottingFrameInfoToStatusBar method)

      
        	(mdt.gui.maps_visualizer.renderers.base.NoOptPlottingFrameInfoViewer method)


        	(mdt.gui.maps_visualizer.renderers.base.PlottingFrameInfoViewer method)


      


      	set_window_title() (mdt.gui.maps_visualizer.main.MapsVisualizerWindow method)


      	SetAnnotations (class in mdt.gui.maps_visualizer.actions)


      	SetColorbarLocation (class in mdt.gui.maps_visualizer.actions)


      	SetColorBarNmrTicks (class in mdt.gui.maps_visualizer.actions)


      	SetColormap (class in mdt.gui.maps_visualizer.actions)


      	SetDimension (class in mdt.gui.maps_visualizer.actions)


      	SetFlipud (class in mdt.gui.maps_visualizer.actions)


      	SetFont (class in mdt.gui.maps_visualizer.actions)


      	SetGeneralMask (class in mdt.gui.maps_visualizer.actions)


      	SetGeneralOptimizer (class in mdt.configuration)


      	SetGeneralSampler (class in mdt.configuration)


      	SetInterpolation (class in mdt.gui.maps_visualizer.actions)


      	SetMapClipping (class in mdt.gui.maps_visualizer.actions)


      	SetMapColorbarLabel (class in mdt.gui.maps_visualizer.actions)


      	SetMapColormap (class in mdt.gui.maps_visualizer.actions)


      	SetMapScale (class in mdt.gui.maps_visualizer.actions)


      	SetMapsToShow (class in mdt.gui.maps_visualizer.actions)


      	SetMapTitle (class in mdt.gui.maps_visualizer.actions)


      	SetPlotTitle (class in mdt.gui.maps_visualizer.actions)


      	SetRotate (class in mdt.gui.maps_visualizer.actions)


      	SetShowAxis (class in mdt.gui.maps_visualizer.actions)


      	SetShowPlotColorbars (class in mdt.gui.maps_visualizer.actions)


      	SetShowPlotTitles (class in mdt.gui.maps_visualizer.actions)


      	SetSliceIndex (class in mdt.gui.maps_visualizer.actions)


      	setup_logging() (in module mdt.utils)


      	setupUi() (mdt.gui.maps_visualizer.design.ui_MainWindow.Ui_MapsVisualizer method)

      
        	(mdt.gui.maps_visualizer.design.ui_MapSpecificOptions.Ui_MapSpecificOptions method)


        	(mdt.gui.maps_visualizer.design.ui_TabGeneral.Ui_TabGeneral method)


        	(mdt.gui.maps_visualizer.design.ui_TabMapSpecific.Ui_TabMapSpecific method)


        	(mdt.gui.maps_visualizer.design.ui_TabTextual.Ui_TabTextual method)


        	(mdt.gui.maps_visualizer.design.ui_save_image_dialog.Ui_SaveImageDialog method)


        	(mdt.gui.model_fit.design.ui_about_dialog.Ui_AboutDialog method)


        	(mdt.gui.model_fit.design.ui_dialog_get_example_data.Ui_GetExampleDataDialog method)


        	(mdt.gui.model_fit.design.ui_fit_model_tab.Ui_FitModelTabContent method)


        	(mdt.gui.model_fit.design.ui_generate_brain_mask_tab.Ui_GenerateBrainMaskTabContent method)


        	(mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog.Ui_LoadGBDialog method)


        	(mdt.gui.model_fit.design.ui_generate_protocol_tab.Ui_GenerateProtocolTabContent method)


        	(mdt.gui.model_fit.design.ui_generate_protocol_update_dialog.Ui_UpdateColumnDialog method)


        	(mdt.gui.model_fit.design.ui_generate_roi_mask_tab.Ui_GenerateROIMaskTabContent method)


        	(mdt.gui.model_fit.design.ui_main_gui.Ui_MainWindow method)


        	(mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog.Ui_AddProtocolMapDialog method)


        	(mdt.gui.model_fit.design.ui_optimization_extra_data_dialog.Ui_OptimizationExtraDataDialog method)


        	(mdt.gui.model_fit.design.ui_optimization_options_dialog.Ui_OptimizationOptionsDialog method)


        	(mdt.gui.model_fit.design.ui_runtime_settings_dialog.Ui_RuntimeSettingsDialog method)


        	(mdt.gui.model_fit.tabs.fit_model_tab.FitModelTab method)


        	(mdt.gui.model_fit.tabs.generate_brain_mask_tab.GenerateBrainMaskTab method)


        	(mdt.gui.model_fit.tabs.generate_protocol_tab.GenerateProtocolTab method)


        	(mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


        	(mdt.gui.widgets.design.ui_scientific_number_scroller_widget.Ui_ScientificScroller method)


      


  

  	
      	setValue() (mdt.gui.widgets.composite_widgets.ScientificNumberScroller method)


      	SetVolumeIndex (class in mdt.gui.maps_visualizer.actions)


      	SetZoom (class in mdt.gui.maps_visualizer.actions)


      	shape (mdt.visualization.maps.base.SingleMapInfo attribute)


      	SharedState (class in mdt.gui.model_fit.utils)


      	show() (mdt.visualization.maps.matplotlib_renderer.MapsVisualizer method)

      
        	(mdt.visualization.samples.SampleVisualizer method)


      


      	show_header_context_menu() (mdt.gui.model_fit.tabs.generate_protocol_tab.GenerateProtocolTab method)


      	signal_noise_model (mdt.component_templates.composite_models.CompositeModelTemplate attribute), [1]


      	SignalNoiseModel (class in mdt.model_building.signal_noise_models)


      	SimpleAssignment (class in mdt.model_building.parameter_functions.dependencies)


      	SimpleBatchProfile (class in mdt.lib.batch_utils)


      	SimpleClassConversion (class in mdt.visualization.dict_conversion)


      	SimpleConfigAction (class in mdt.configuration)

      
        	(class in mdt.gui.maps_visualizer.actions)


      


      	SimpleConvertibleConfig (class in mdt.visualization.maps.base)


      	SimpleDataConfigModel (class in mdt.gui.maps_visualizer.base)


      	SimpleDataInfo (class in mdt.visualization.maps.base)


      	SimpleDictConversion (class in mdt.visualization.dict_conversion)


      	SimpleFunctionConversion (class in mdt.visualization.dict_conversion)


      	SimpleInitializationData (class in mdt.utils)


      	SimpleListConversion (class in mdt.visualization.dict_conversion)


      	SimpleMapSpecificConfigAction (class in mdt.gui.maps_visualizer.actions)


      	SimpleModelCLFunction (class in mdt.model_building.model_functions)


      	SimpleNumDiffInfo (class in mdt.model_building.parameter_functions.numdiff_info)


      	SimpleParameterPrior (class in mdt.model_building.parameter_functions.priors)


      	SimpleSubjectInfo (class in mdt.lib.batch_utils)


      	SimpleVirtualColumn (class in mdt.protocols)


      	SimpleWeight (class in mdt.model_building.model_functions)


      	simulate_signals() (in module mdt.simulations)


      	SingleColumn (class in mdt.visualization.layouts)


      	SingleMapConfig (class in mdt.visualization.maps.base)


      	SingleMapInfo (class in mdt.visualization.maps.base)


      	SingleRow (class in mdt.visualization.layouts)


      	SinSqrClampTransform (class in mdt.model_building.parameter_functions.transformations)


      	slice_has_data() (mdt.visualization.maps.base.DataInfo method)

      
        	(mdt.visualization.maps.base.SimpleDataInfo method)


        	(mdt.visualization.maps.base.SingleMapInfo method)


      


      	slice_index (mdt.gui.model_fit.utils.SharedState attribute)


      	sort_maps() (in module mdt)


      	sort_orientations() (in module mdt.lib.sorting)


      	sort_volumes_per_voxel() (in module mdt.lib.sorting)


      	spherical_to_cartesian() (in module mdt.utils)


      	SphericalCoordinateParameterTemplate (class in mdt.component_templates.parameters)


      	split_array_to_dict() (in module mdt.utils)


      	split_dataset() (in module mdt.utils)


      	split_image_path() (in module mdt.utils)


      	split_long_path_elements() (in module mdt.gui.utils)


      	SqrClampTransform (class in mdt.model_building.parameter_functions.transformations)


      	start() (mdt.lib.shell_utils.BasicShellApplication method)


      	start_gui() (in module mdt)

      
        	(in module mdt.gui.maps_visualizer.main)


        	(in module mdt.gui.model_fit.qt_main)


      


      	starting (mdt.gui.model_fit.tabs.fit_model_tab.RunModelWorker attribute)

      
        	(mdt.gui.model_fit.tabs.generate_brain_mask_tab.GenerateMaskWorker attribute)


        	(mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskWorker attribute)


      


      	state_updated_signal (mdt.gui.model_fit.utils.SharedState attribute)


      	StdOutHandler (class in mdt.lib.log_handlers)


      	StringConversion (class in mdt.visualization.dict_conversion)


      	subcomponents (mdt.component_templates.base.ComponentTemplate attribute)

      
        	(mdt.component_templates.batch_profiles.BatchProfileTemplate attribute)


        	(mdt.component_templates.compartment_models.CompartmentTemplate attribute)


        	(mdt.component_templates.compartment_models.WeightCompartmentTemplate attribute)


        	(mdt.component_templates.composite_models.CompositeModelTemplate attribute)


        	(mdt.component_templates.library_functions.LibraryFunctionTemplate attribute)


        	(mdt.component_templates.parameters.AzimuthAngleParameterTemplate attribute)


        	(mdt.component_templates.parameters.FreeParameterTemplate attribute)


        	(mdt.component_templates.parameters.ParameterTemplate attribute)


        	(mdt.component_templates.parameters.PolarAngleParameterTemplate attribute)


        	(mdt.component_templates.parameters.ProtocolParameterTemplate attribute)


        	(mdt.component_templates.parameters.RotationalAngleParameterTemplate attribute)


        	(mdt.component_templates.parameters.SphericalCoordinateParameterTemplate attribute)


      


      	subject_base_folder (mdt.component_templates.batch_profiles.BatchProfileTemplate attribute), [1]

      
        	(mdt.lib.batch_utils.SimpleSubjectInfo attribute)


        	(mdt.lib.batch_utils.SubjectInfo attribute)


      


      	subject_id (mdt.lib.batch_utils.SimpleSubjectInfo attribute)

      
        	(mdt.lib.batch_utils.SubjectInfo attribute)


      


      	SubjectInfo (class in mdt.lib.batch_utils)


  





T


  	
      	tab_opened() (mdt.gui.utils.MainTab method)


      	TabGeneral (class in mdt.gui.maps_visualizer.config_tabs.tab_general)


      	TabMapSpecific (class in mdt.gui.maps_visualizer.config_tabs.tab_map_specific)


      	TabTextual (class in mdt.gui.maps_visualizer.config_tabs.tab_textual)


      	tag (mdt.model_building.trees.Tree attribute)


      	TemplateModifier (class in mdt.component_templates.utils)


      	temporary_component_updates() (in module mdt.lib.components)


      	tensor_cartesian_to_spherical() (in module mdt.utils)


      	tensor_spherical_to_cartesian() (in module mdt.utils)


      	text_message_signal (mdt.gui.utils.MessageReceiver attribute)


      	TmpResultsDirSectionLoader (class in mdt.configuration)


      	to_dict() (mdt.visualization.dict_conversion.ConversionSpecification method)

      
        	(mdt.visualization.dict_conversion.ConvertDictElements method)


        	(mdt.visualization.dict_conversion.ConvertDynamicFromModule method)


        	(mdt.visualization.dict_conversion.ConvertListElements method)


        	(mdt.visualization.dict_conversion.OptionalConversionDecorator method)


        	(mdt.visualization.dict_conversion.SimpleClassConversion method)


        	(mdt.visualization.dict_conversion.SimpleFunctionConversion method)


        	(mdt.visualization.dict_conversion.WhiteListConversion method)


        	(mdt.visualization.maps.base.MapPlotConfig method)


        	(mdt.visualization.maps.base.SingleMapConfig method)


      


  

  	
      	to_file() (mdt.visualization.maps.matplotlib_renderer.MapsVisualizer method)


      	to_normal_dict() (mdt.utils.AutoDict method)


      	to_yaml() (mdt.visualization.maps.base.MapPlotConfig method)

      
        	(mdt.visualization.maps.base.SingleMapConfig method)


      


      	Tree (class in mdt.model_building.trees)


  





U


  	
      	Ui_AboutDialog (class in mdt.gui.model_fit.design.ui_about_dialog)


      	Ui_AddProtocolMapDialog (class in mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog)


      	Ui_FitModelTabContent (class in mdt.gui.model_fit.design.ui_fit_model_tab)


      	Ui_GenerateBrainMaskTabContent (class in mdt.gui.model_fit.design.ui_generate_brain_mask_tab)


      	Ui_GenerateProtocolTabContent (class in mdt.gui.model_fit.design.ui_generate_protocol_tab)


      	Ui_GenerateROIMaskTabContent (class in mdt.gui.model_fit.design.ui_generate_roi_mask_tab)


      	Ui_GetExampleDataDialog (class in mdt.gui.model_fit.design.ui_dialog_get_example_data)


      	Ui_LoadGBDialog (class in mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog)


      	Ui_MainWindow (class in mdt.gui.model_fit.design.ui_main_gui)


      	Ui_MapSpecificOptions (class in mdt.gui.maps_visualizer.design.ui_MapSpecificOptions)


      	Ui_MapsVisualizer (class in mdt.gui.maps_visualizer.design.ui_MainWindow)


      	Ui_OptimizationExtraDataDialog (class in mdt.gui.model_fit.design.ui_optimization_extra_data_dialog)


      	Ui_OptimizationOptionsDialog (class in mdt.gui.model_fit.design.ui_optimization_options_dialog)


      	Ui_RuntimeSettingsDialog (class in mdt.gui.model_fit.design.ui_runtime_settings_dialog)


      	Ui_SaveImageDialog (class in mdt.gui.maps_visualizer.design.ui_save_image_dialog)


      	Ui_ScientificScroller (class in mdt.gui.widgets.design.ui_scientific_number_scroller_widget)


      	Ui_TabGeneral (class in mdt.gui.maps_visualizer.design.ui_TabGeneral)


      	Ui_TabMapSpecific (class in mdt.gui.maps_visualizer.design.ui_TabMapSpecific)


      	Ui_TabTextual (class in mdt.gui.maps_visualizer.design.ui_TabTextual)


      	Ui_UpdateColumnDialog (class in mdt.gui.model_fit.design.ui_generate_protocol_update_dialog)


      	unapply() (mdt.configuration.ConfigAction method)

      
        	(mdt.configuration.SimpleConfigAction method)


        	(mdt.configuration.VoidConfigAction method)


        	(mdt.gui.maps_visualizer.actions.ConfigAction method)


        	(mdt.gui.maps_visualizer.actions.ModelUpdateAction method)


        	(mdt.gui.maps_visualizer.actions.NewConfigAction method)


        	(mdt.gui.maps_visualizer.actions.NewDataAction method)


      


      	undo() (mdt.gui.maps_visualizer.base.Controller method)

      
        	(mdt.gui.maps_visualizer.base.QtController method)


      


      	undo_sort_volumes_per_voxel() (in module mdt.lib.sorting)


  

  	
      	unfix() (mdt.models.composite.DMRICompositeModel method)

      
        	(mdt.models.composite.ModelFunctionsInformation method)


      


      	UniformWithinBoundsPrior (class in mdt.model_building.parameter_functions.priors)


      	unzip_nifti() (in module mdt.lib.nifti)

      
        	(in module mdt.utils)


      


      	update() (mdt.component_templates.utils.TemplateModifier method)

      
        	(mdt.configuration.ConfigSectionLoader method)


        	(mdt.configuration.RuntimeSettingsLoader method)


      


      	update_active_post_processing() (mdt.models.base.EstimableModel method)

      
        	(mdt.models.composite.DMRICompositeModel method)


      


      	update_dimension() (mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


      	update_gui_config() (in module mdt.configuration)


      	update_log() (mdt.gui.model_fit.qt_main.MDTGUISingleModel method)


      	update_model() (mdt.gui.maps_visualizer.config_tabs.tab_general.TabGeneral method)

      
        	(mdt.gui.maps_visualizer.main.MapsVisualizerWindow method)


        	(mdt.gui.maps_visualizer.renderers.matplotlib_renderer.MatplotlibPlotting method)


      


      	update_output_file_text() (mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


      	update_output_folder_text() (mdt.gui.model_fit.tabs.fit_model_tab.FitModelTab method)


      	update_protocol() (mdt.gui.model_fit.tabs.generate_protocol_tab.LoadColumnDialog method)


      	update_slice_index() (mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


      	update_slice_selector() (mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


      	update_write_config() (in module mdt.configuration)


      	UpdateDescriptor (class in mdt.gui.utils)


      	upper_bound (mdt.component_templates.parameters.FreeParameterTemplate attribute), [1]


      	upper_bounds (mdt.component_templates.composite_models.CompositeModelTemplate attribute), [1]


      	use() (mdt.gui.maps_visualizer.config_tabs.tab_map_specific.MapSpecificOptions method)


      	use_bounds (mdt.model_building.parameter_functions.numdiff_info.NumDiffInfo attribute)

      
        	(mdt.model_building.parameter_functions.numdiff_info.SimpleNumDiffInfo attribute)


      


      	use_lower_bound (mdt.model_building.parameter_functions.numdiff_info.SimpleNumDiffInfo attribute)


      	use_upper_bound (mdt.model_building.parameter_functions.numdiff_info.SimpleNumDiffInfo attribute)


  





V


  	
      	VagueGammaPrior (class in mdt.model_building.parameter_functions.priors)


      	valid_text_locations (mdt.visualization.maps.base.VoxelAnnotation attribute)


      	validate() (mdt.visualization.maps.base.MapPlotConfig method)

      
        	(mdt.visualization.maps.base.SingleMapConfig method)


        	(mdt.visualization.maps.base.VoxelAnnotation method)


      


      	value (mdt.component_templates.parameters.ProtocolParameterTemplate attribute)


      	valueChanged (mdt.gui.widgets.composite_widgets.ScientificNumberScroller attribute)


      	view_maps() (in module mdt)


      	view_mask() (mdt.gui.model_fit.tabs.generate_brain_mask_tab.GenerateBrainMaskTab method)

      
        	(mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab method)


      


      	view_result_samples() (in module mdt)


      	VirtualColumn (class in mdt.protocols)


      	VirtualColumn_g_spherical (class in mdt.protocols)


  

  	
      	VirtualColumnB (class in mdt.protocols)


      	visible_changes() (mdt.visualization.maps.base.Clipping method)

      
        	(mdt.visualization.maps.base.MapPlotConfig method)


        	(mdt.visualization.maps.base.Scale method)


        	(mdt.visualization.maps.base.SingleMapConfig method)


      


      	VoidConfigAction (class in mdt.configuration)


      	volume_index_to_roi_index() (in module mdt.utils)


      	volume_map_npy_to_nifti() (in module mdt.lib.file_conversions.npy)


      	volume_merge() (in module mdt.utils)


      	volume_selection (mdt.component_templates.composite_models.CompositeModelTemplate attribute), [1]


      	VolumeMerge (class in mdt.cli_scripts.mdt_volume_merge)


      	VoxelAnnotation (class in mdt.visualization.maps.base)


      	voxelwise_vector_matrix_vector_product() (in module mdt.utils)


  





W


  	
      	WeightBuilder (class in mdt.component_templates.compartment_models)


      	WeightCompartment (class in mdt.models.compartments)


      	WeightCompartmentTemplate (class in mdt.component_templates.compartment_models)


      	WeightType (class in mdt.model_building.model_functions)


      	WhiteListConversion (class in mdt.visualization.dict_conversion)


      	windows (mdt.gui.utils.QtManager attribute)


      	with_added_column_from_file() (mdt.protocols.Protocol method)


      	with_column_removed() (mdt.protocols.Protocol method)


      	with_columns_removed() (mdt.protocols.Protocol method)


      	with_logging_to_debug() (in module mdt)


      	with_new_column() (mdt.protocols.Protocol method)


      	with_rows_removed() (mdt.protocols.Protocol method)


      	with_update() (mdt.protocols.Protocol method)


      	with_updates() (mdt.protocols.Protocol method)


  

  	
      	wrap_constraints_function() (mdt.model_building.utils.ParameterDecodingWrapper method)


      	wrap_input_data() (mdt.model_building.utils.ParameterDecodingWrapper method)


      	wrap_objective_function() (mdt.model_building.utils.ParameterDecodingWrapper method)


      	write() (mdt.gui.utils.ForwardingListener method)


      	write_all_as_nifti() (in module mdt.lib.nifti)


      	write_bvec_bval() (in module mdt.protocols)


      	write_config() (mdt.gui.model_fit.tabs.fit_model_tab.AddProtocolMapDialog method)

      
        	(mdt.gui.model_fit.tabs.fit_model_tab.ExtraDataDialog method)


        	(mdt.gui.model_fit.tabs.fit_model_tab.OptimizationOptionsDialog method)


      


      	write_nifti() (in module mdt.lib.nifti)


      	write_protocol() (in module mdt.protocols)


      	write_slice_roi() (in module mdt.utils)


      	write_to_file() (mdt.component_templates.utils.TemplateModifier method)


      	write_volume_maps() (in module mdt)


  





Y


  	
      	YamlStringAction (class in mdt.configuration)


  

  	
      	yield_nifti_info() (in module mdt.lib.nifti)


  





Z


  	
      	zip_nifti() (in module mdt.utils)


  

  	
      	Zoom (class in mdt.visualization.maps.base)


  







          

      

      

    

  

    
      
          
            
  
Changelog


Changelog


v1.2.6 (2020-08-15)


Fixed


	Fixed issue originating from using latest Tatsu build. This fixes the issue “ValueError: Double operator in model listing.”









v1.2.5 (2020-05-10)


	Following changes in MOT (renaming of a few library functions).







v1.2.4 (2020-04-20)


Changed


	Updated default configuration to disable the uncertainties (FIM) computation. This was a frequent encountered error while being an hardly used feature.









v1.2.3 (2020-03-26)


Added


	Adds small documentation tip for Docker users.


	Adds nvidia GPU enabled docker file.









v1.2.2 (2020-03-05)


Changed


	Updates the container files to use a specific version of tatsu, since newer versions of tatsu are not upwards compatible.







Other


	Following MOT which fixes a bug relating to the Singularity container.


	Replaced maintainer e-mail address with personal e-mail address.









v1.2.1 (2020-02-14)


Changed


	Small fix to the buffer allocation flags. The post-processing failed sometimes.









v1.2.0 (2020-02-14)

Upgrade to match the latest version of MOT, which contains a vast number of changes regarding buffer and kernel allocation.




v1.1.5 (2020-01-25)


Added


	Adds CL load balancing option to the model processing functions.







Changed


	Updates the credits with sponsors information.


	Renamed extra_prior to prior in the compartment and composite model definitions.







Other


	Following changes in MOT to allow easier cl environment initialization.









v1.1.4 (2019-12-17)


Added


	Adds some introduction text to the mdt.conf file.







Other


	Small bugfix in the noddi-dti computation. MD was changed in place.









v1.1.3 (2019-12-17)


	Upped the voxel batch size again as the previous change did not provide a solution.







v1.1.2 (2019-12-17)


Changed


	Changed the default optimization batch size from 100k to 10k voxels per run. Due to changes in MOT, the current batch size fails for some users.







Changed


	Removed the NODDI-DTI maps from the Tensor and KurtosisTensor post-processing. They do not seem to be widely used.
For users that do desire these maps there are two ways to go about it:

1) Reinstate the post-processing. This can be done by going to the
Tensor compartment model, and add noddi_dti_maps to the
extra_optimization_maps list. This function can be imported from:
from mdt.lib.post_processing import noddi_dti_maps.

2) Use the function mdt.compute_noddi_dti() to compute the maps manually
based on optimization results. Typically used as:

results = mdt.fit_model(model, input_data, ...)
noddi_dti = mdt.compute_noddi_dti(model, input_data, results)














v1.1.1 (2019-12-16)


Added


	Adds infrastructure to be able to represent the gradient vector as spherical angles in a compute kernel.


	Added weight sum to one transformation to the FIM objective function.







Changed


	Removed local reduction from the Tensor-DTI post-processing. This was unnecessary.


	Moved all the input data classes and functions to a dedicated module.


	Renamed get_parameter_codec to get_mle_codec.







Other


	Followed changes in MOT allowing the work to be better splitted over workitems.


	Moved repository to private github account.









v1.1.0 (2019-12-06)


Added


	Adds optimization and runtime options to the get_optimization_inits function.


	Adds wild and residual bootstrapping functionality.


	Adds a post-processing flag to the model to disable computation of the log likelihood and the information criterion maps.


	Adds a separate compute_fim function to MDT. This can be used to compute the FIM matrix post-hoc.


	Adds the IVIM model.


	Adds the poisson distributed ActiveAx model, courtesy by Mark Drakesmith from CUBRIC.







Changed


	Changed some of the parameter transformations.


	Changed signature of the input data copy_with_updates function.







Other


	From the composite model, removed the voxels_to_analyze context. Instead, we now use the ‘get_subset’ method from the kernel data objects. This allows for cleaner code.


	Removed a few more mot_float_types for either float or double.


	Implements the meta-parameters ‘observations’, ‘observation_ind’ and ‘nmr_observations’ in the compartment model.


	Removed Numpy future warning concerning stacking using generators.









v1.0.0 (2019-06-04)

Version 1.0 marking the end of the PhD of MDT’s lead developer Robbert Harms.
This software package will still be supported for the foreseeable future by Robbert.
Future development will continue by CBCLab, Maastricht University under the supervision of Alard Roebroeck.
For ideas, please check the “Development Ideas” page.

As a personal note to all the users of MDT. Thank you all for using MDT and for your invaluable feedback over the past years. I could not have done it without you.

Best wishes, Robbert




v0.21.0 (2019-04-01)

This version marks the complete removal of the Cascade models.

MDT still does cascaded initialization by default, but now using predefined initializations.
The automatic initialization can of course be disabled and or overwritten using manual provided data. See the manual for instructions.

There are two reasons for this change. First, the default cascade was used in 99% of the cases. Removing it and making it an implicit default simplifies the code.
Second, the code change provides an opportunity of future extensions towards multi-modal modeling.


Added


	Added base class for EstimableModels.







Fixed


	Fixed bug in handling the gradient deviations.







Removed


	Removed the Cascade models.







Other


	Slight restructuring of the modules.









v0.20.3 (2019-03-08)


Changed


	Reverted the parameter transformation of the weights back to the CosSqrClamp parameter transformation. This proves superior in edge cases.







Other


	Fixed spelling mistake in GUI (misspelled Brain as Brian).









v0.20.2 (2019-02-26)


Other


	Bug fix in the create_covariance_matrix, it sometimes tried to get the shape attribute of a dictionary, crashing the computations. This only happened in rare occasions.









v0.20.1 (2019-02-21)


Other


	Removed atomic function from the KurtosisTensor, it was redundant.









v0.20.0 (2019-02-19)

This version is the first version to support arbitrary non-linear inequality constraints.
Currently, during optimization, these constraints are enforced using the penalty method (https://en.wikipedia.org/wiki/Penalty_method).


Added


	Adds special parameter classes for the spherical parameters. Now, the composite model will take care of the necessary transformations to keep the spherical parameters theta and phi within the right spherical hemisphere.


	Adds support for inequality constraints to the compartments and composite models.


	Adds utility function for merging dictionaries in inheriting component templates.







Changed


	Changed parameter transformation of the weights from CosSqrClamp to ScaleTransform







Removed


	Removed the post-optimization modifiers. They were unnecessary since capability of specifying constraints.







Other


	Added files for docker/singularity intel builds









v0.19.1 (2019-01-08)


	Corrected MOT version requirements.







v0.19.0 (2019-01-08)

The primary change in this version is that we now use the pseudo-inverse for computing the covariance matrix from the Hessian.
This is as good as a direct inverse but faster to compute and more robust to voxels with a badly conditioned Hessian.


Added


	Adds support for masked colors setting in the maps visualizer.







Changed


	Changed Fisher Information Matrix computation to use an eigen-decomposition based pseudo-inverse for all voxels.


	Changed the signature of the batch_apply function to have the path as first argument. The subject info of the batch functions now include the data folder as property.







Fixed


	Fixed small issue in the GUI where shells were not correctly counted and represented due to a sorting issue in the protocol class.









v0.18.4 (2018-12-11)


Changed


	Improved the Hessian computation of the models after fitting.


	Changed the default BinghamNODDI_r1 initialization to depend on the Watson NODDI model.









v0.18.3 (2018-12-05)


Changed


	Adds model_names option to the run_function_on_batch_fit_output batch function.


	Removed some numpy warnings in the qMT model.


	Increased the JohnsonNoise eta upper bound.









v0.18.2 (2018-12-02)


Changed


	Changed the maximum bounds to real numbers, anticipating bounded optimization methods. It used to be -inf and +inf, it is now -1e20 and 1e20.


	The initialization dictionary now also recognizes MDT models with a suffix. Like “BinghamNODDI_r1_MySuffix”, which will load the initialization from “BinghamNODDI_r1”.









v0.18.1 (2018-11-23)


Added


	Adds the use_cascaded_inits flag to the model fit command to simplify the new initialization interface.


	Adds reduced Ramani QMT models to MDT.







Other


	Made the generate_wm_mask function more general.


	Made all mot_float_type4 vectors float4 and moved some other parts from mot_float_type to either float or double depending on the situation.


	Removed the building pattern from the composite models.









v0.18.0 (2018-11-19)

This version marks the deprecation of the Cascade models in MDT.
Instead, MDT now strikes a balance between customizability and ease of use.
For ease of use, using the GUI and command line MDT now automatically selects a good starting point based on pre-set rules.
For customizability you can use the Python API in which you first compute the initialization point and then manually provide it to the model fitting.
By providing it manually you can have a finer grained control over the initialization settings.

For more details on how to properly initialize in newer newer versions see Maximum Likelihood Estimation.
Even though this functionality is now deprecated, it will still be available for the near future to allow users the chance to move to the new workflow.


Changed


	Deprecated the Cascade interface in favor of a more direct control of the initialization point.


	Refactored the documentation and added sampling documentation.









v0.17.2 (2018-11-14)


Changed


	Changed the specification of the volume selection in the composite models to allow selection based on all protocol columns.







Other


	Small update to the BallStick cascade inits to make sure they are within bounds.


	Small update to the weight numerical differentiation to not use the upper bound anymore. Provides for slightly better uncertainty computations.









v0.17.1 (2018-11-12)


Changed


	Updated the Kurtosis initial parameter positions to try to prevent out of bounds problems within the optimization routines.









v0.17.0 (2018-11-09)

The way the boundary constraints of the parameters are enforced is changed.
Previously MDT used parameter transformations to enforce boundary conditions, in this new version we use the new support of MOT for the boundary conditions.
In the new MOT version, boundary conditions (box-constraints) are handled by returning INFINITY if the bound is violated.
While this is a crude way of enforcing boundary conditions, it does relieve us of the parameter transformations in MDT.

As a result, fits looks slightly less noisy overall, and it seems to fit better in relaxometry models.


Added


	Adds additional parameters types to link the likelihood functions better with the models.


	Adds support for the special parameter ‘@noise_std’ to inject the current noise standard deviation into a compartment model.







Changed


	Changed the way the bounds are handed in the optimization.


	Changed the likelihood function to always include the constant terms.







Fixed


	Fixed bug in the mdt-estimate-noise-std method.







Other


	Small update to the GDRCylinder bounds.


	Following the support in MOT for boundary constraints, changed the parameter transformations of the parameters.


	Small fix to the batch profiles, it did not pick up the noise_std.txt files.


	Documentation updates.


	Small update to the mdt-math-img command. Better way of handling multiple outputs.









v0.16.4 (2018-10-30)


Changed


	Changed the volume selection syntax to allow defining multiple ranges.







Other


	Slight refactoring of the NonParametricTensor compartment, removing the strict bounds.









v0.16.3 (2018-10-30)


Fixed


	Fixed documentation building.









v0.16.2 (2018-10-30)


Changed


	Corrected, in the post-processing of composite models, the sort order for Python <3.6 versions.









v0.16.1 (2018-10-29)


Changed


	Changed the map sorting feature in the post-processing of composite models. The new specification is easier to follow and more general.







Other


	Following changes in MOT.









v0.16.0 (2018-10-26)

All implemented models are now also compatible with POCL (tested with POCL version 1.1).


Changed


	Moved the memory allocation of the computation caching to the KernelData.









v0.15.8 (2018-10-24)

Most of the models are now compatible with POCL (tested with POCL version 1.1).
Only the models with a cache will not work with POCL yet (BinghamNODDI, Ball&Racket, AxCaliber).


Other


	Following changes in MOT


	Removed some local variable instances









v0.15.7 (2018-10-19)

Fixed an important bug in the code that was present since version 0.14.8. The noise std was not correctly set anymore in the log likelihood method.
All users are advised to upgrade to this version.


Fixed


	Fixed the issue that the noise std was not set correctly due to naming issues in the log likelihood function.









v0.15.6 (2018-10-17)


Changed


	Updated the rotate orthogonal vector CL function. This reverts changes from a few versions ago, this gives the same value but faster and more stable.


	Work on moving local variable declarations outside of non-kernel functions. This should in the future allow running MOT on LLVM OpenCL implementations. More work needed.







Other


	Speed-up of Tensor post-processing.


	Refactoring of the NODDI model.


	Removed the AxonDensity index from the AxCaliber models.









v0.15.5 (2018-10-09)


Fixed


	Fixes the issue that the models would not load.









v0.15.4 (2018-10-08)


Fixed


	Fixed the init user settings initialization for newer versions of Python.







Other


	Following changes in MOT (changed the function signature of the Legendre Polynomial).









v0.15.3 (2018-10-06)


Other


	Update requirement to newer MOT version to fix NODDI computation overflow.









v0.15.2 (2018-10-05)


	Small fix to make AxCaliber working again.







v0.15.1 (2018-10-04)


	Small update to the ActiveAx and NODDI models. Reordering the compartments provides a slightly better fit in some voxels.







v0.15.0 (2018-10-04)

The most important change in this version is the new caching feature for compartment models.
This cache is meant to contain values that are constant per volume, to speed up the evaluation of the compartment model for each volume.
The speed-up is dependent on the model, but for AxCaliber and Bingham NODDI the speed-up is about 2~5x.


Added


	Adds a caching mechanism for caching computations in a compartment model.


	Added a post-sampling callback to add additional results to the sampling output.


	Adds average auto correlation to the sampling post processing.


	Adds default RWM epsilons for the SCAM MCMC algorithm, set to 1e-5 times the initial proposal standard deviation of a parameter.







Other


	Use nifti.header instead of nifti.get_header() when working with Nibabel.









v0.14.13 (2018-09-16)


Changed


	Updated the AxCaliber model to provide only the basic AxCaliber. People can edit the basic model for their own purposes.









v0.14.12 (2018-09-15)


Added


	Adds the AxCaliber model









v0.14.11 (2018-09-12)


Added


	Adds Watson NODDI ExVivo model.


	Adds Bingham NODDI with two directions.









v0.14.10 (2018-09-11)


	Renamed the Bingham normalization function to the Confluent Hypergeometric function.


	Small refactoring of the NODDI model (model is still the same).







v0.14.9 (2018-09-10)


Added


	Adds the Bingham NODDI model.


	Adds theta/phi to vector to the sampling post processing.


	Adds univariate normal fits to the sampling post-processing.







Other


	Refactored the descriptions of the components


	Removed (object) declaration from the class declaratoins, it is no longer needed with Python 3.









v0.14.8 (2018-08-29)


Added


	Adds the VERDICT model, according to Panagiotaki 2014, Noninvasive Quantification of Solid Tumor Microstructure Using VERDICT MRI.


	Adds the Van Gelderen physical diffusion models for spherical diffusion.









v0.14.7 (2018-08-29)


Added


	Adds the Neuman physical diffusion models for spherical diffusion.









v0.14.6 (2018-08-28)


Added


	Adds AstroSticks and AstroCylinders compartment models.


	Adds Ball&Rackets model.









v0.14.5 (2018-08-24)


Added


	Adds support for weighted objective function computations during model fitting and sampling.









v0.14.4 (2018-08-24)


Added


	Adds the NODDI-DTI kappa and odi conversion.







Other


	Support for complex numbers in model functions using PyOpenCL.









v0.14.3 (2018-08-23)

This version is significantly faster than previous versions when run using a GPU. All users are recommended to update
to this version.


Other


	Following changes in MOT.


	Small cosmetic improvement in the C code.









v0.14.2 (2018-08-17)


Added


	Adds NODDIDA.


	Adds method argument to the mdt sample function.







Other


	Removed redundant super arguments.


	Refactorings following changes in MOT.









v0.14.1 (2018-08-02)


	Removed some non-ascii characters for compatibility.







v0.14.0 (2018-08-02)


	Following changes in MOT, in particular how the optimization routines are called.







v0.13.5 (2018-07-17)


Changed


	Updated makefile to use twine for uploading to PyPi.


	Replaced Grako for Tatsu, as Grako was no longer supported.


	Removed the Tatsu debian package and added it as a Pip requirement.


	Removed six as compatibility layer.









v0.13.4 (2018-07-16)


Added


	Adds documentation on debugging OpenCL elements.


	Adds a button to the maps visualizer to only show the set options in the textual frame.


	Adds simple data compression to the gradient deviation computations in the case of zeros off the diagonal.


	Added the covariance terms to the error propagation of Tensor FA.







Changed


	Changed method signature of saving view map plots.


	Small update to the unweighted volume computation in the Protocol, it now multiplies the gradient vector with the diffusivities to account for non-normalized gradients.









v0.13.3 (2018-07-01)

A small maintenance release for cleaning up some unused or outdated features.


Changed


	Removed the used_protocol.prtcl from the output folder. Since with the extra_protocol the input has become more convoluted, the used protocol no longer reflects the actual used inputs.


	Removed the cascade_subdir from the model fit arguments. This behaviour was easily replicated by providing another output directory.


	Removed the save_user_script_info from the fit model parameters. It was hardly used and not a primary function of MDT.


	Renamed the post-processing switch covariance to covariances and added the switch for variances. Both must be set to False to disable computation of the FIM. If only one of them is False, the FIM will be computed and only the elements desired will be returned.









v0.13.2 (2018-07-01)


Added


	Adds support for gradient deviations per volume.


	Adds spherical proposal transformations to the theta and phi parameters. This ensures valid proposals around the [0, pi] range for both theta and phi.







Changed


	Simplified the implementation of the NODDI_IC compartment model by removing support for cylindrical diffusion.
This simplifies the requirements of the model by removing the need to supply ‘delta’, ‘Delta’ and ‘G’.
NODDI results are unaltered since the cylindrical diffusion was not used anyway.







Other


	Removed the (previously) deprecated static map parameters.


	Renamed the DMRICompositeModelTemplate to CompositeModelTemplate.


	Removed some deprecated attributes from the compartment models.









v0.13.1 (2018-06-04)


Fixed


	Fixed small issue found by Dr. Luke Edwards. The legendre polynomial in the NODDI_IC compartment was not computed correctly. This only subtly changes the results.









v0.13.0 (2018-06-01)

This version removes support for Python version <= 2.7. Now only Python > 3 is supported.


Added


	Adds the CHARMED_r1 model using the van Gelderen model of diffusion.


	Adds scientific articles section to the docs.


	Adds Ubuntu 18.04 release target.


	Adds a convenience function for generating a brain mask.







Changed


	Updates default protocol save name.


	Removed Python2.7 support.







Other


	Mac compatibility change.


	Slightly changed the masking algorithms with a different median filter.









v0.12.1 (2018-05-15)


Fixed


	Fixes issue with the JohnsonNoise model in the model builder.







Other


	Renamed some of the command line commands from generate to create.









v0.12.0 (2018-05-03)

The most important update is a bugfix in the CHARMED models. Unfortunately the CHARMED reference paper (Assaf, 2004) contains
a small omission in the formula for the Neuman cylindrical diffusion model (a 2 is missing).
Correcting this mistake slightly changes the CHARMED results.

Furthermore, the static maps and static parameters have been merged with the protocol parameters.
This allows, or will allow in the future, overloading protocol parameters with 3d/4d volumes.


Added


	Added functionality for nesting templates. This allows adding components that can only be used in the context of another component.


	Adds EPI relaxometry models.


	Adds functionality for unique names in a cascade.


	Adds the Van Gelderen cylinder model and renamed the Von Neumann cylinder model. Corrected the CHARMEDRestricted equation.







Other


	Redefined the kappa parameter of the NODDI model to be between 0 and 64.


	Removed the static map parameters and merged these with the protocol parameters.


	Merged the model builder with the composite model.









v0.11.4 (2018-04-12)


Fixed


	Fixed a bug which made the mdt-model-fit no longer work.









v0.11.3 (2018-04-11)


Changed


	Updates to the docs.


	Following changes in MOT.









v0.11.2 (2018-04-09)


Fixed


	Fixed small regression in mdt-batch-fit.







Other


	Moved the model building modules from MOT to here.









v0.11.1 (2018-04-04)


Changed


	Updated the MOT version requirements.









v0.11.0 (2018-04-04)

This version contains a completely new (backwards compatible) component loading mechanism.
Templates now add themselves to a library module, such that you can define models and components everywhere, and have MDT use it automatically.
Furthermore, components can now overwrite existing components, and you can reuse previously defined component templates.
As an example of defining a new model in your script:

import mdt

class NewModel(mdt.CompositeModelTemplate):
    ...

mdt.fit_model('NewModel', ...)





Here, we are defining a new composite model NewModel using the CompositeModelTemplate.
Due to using this template, the model is automatically added to the MDT library.
It is also possible to overwrite existing models, as for example:

import mdt

class Tensor(mdt.components.get_template('composite_models', 'Tensor')):
    likelihood_function = 'Rician'

mdt.fit_model('Tensor (Cascade)', ...)





Here, we are loading the current definition of the Tensor composite model and overwrite it with an updated likelihood function.
Overwriting, since we name this class Tensor again.
The updated Tensor model will now be used everywhere, also in cascade models that use that Tensor.

To remove an entry, you can use, for example:

mdt.components.remove_last_entry('composite_models', 'Tensor')





See the section Defining components for more details on this modeling.


Added


	Adds S0-T2 cascade model.


	New module loading mechanism that allows loading models from everywhere.


	Template mechanism for the batch profiles.







Changed


	Updated the documentation to follow the new model loading mechanism.


	By default, now runs Powell with a patience 5 for the S0-T2 model (updated the config).


	Renamed dependency_list to dependencies in the models and library functions.


	Renamed parameter_list to parameters in the compartment models and in the library functions.







Fixed


	Adds hole filling to the mask generation.


	Fixed delayed brain mask logging info in the GUI.







Other


	Following changes in the MOT samplers.


	Renamed DMRICompositeModelTemplate to CompositeModelTemplate.


	Renamed Maastricht to Microstructure (Diffusion Toolbox).


	Removed noise component loader items.









v0.10.9 (2018-02-22)


Added


	Adds covariance singularity boolean matrix to the output results.







Fixed


	Fixed small bug in the mdt maps visualizer. Refactored the batch fitting function to use the batch apply function.









v0.10.8 (2018-02-16)


Changed


	Updated the map view config syntax for the voxel highlights (now called annotations).


	Updates following MOT in DKI measures.


	Changed the config layout of the maps visualizer with regards to the colorbar settings.









v0.10.7 (2018-02-14)


Changed


	Changed the parameter proposal and transform function of the PHI parameter.







Fixed


	Fixes issue #4, the MDT gui crashed on startup with Qt version 5.9.1.









v0.10.6 (2018-01-30)


Added


	Adds colormap order in the GUI when a map is interpreted as colormap.


	Adds relaxometry models.


	Adds sampling output selection to the sampler.


	Adds another post-processing switch to the sampling post-processing.


	Adds nibabel and numpy array decoration to store path info alongside the niftis when loaded with mdt.load_nifti().


	Adds Hessian and covariance computation as post-processing to the models.







Changed


	Updates to the batch profiles.


	Updates to CHARMED boundary conditions.







Other


	Removed the sampling statistics calculation from the post-processing, it did not work out theoretically.


	Adds an utility function for computing the correlations from the covariances.


	Small update to the scientific scrollers in the gui. Interchanged the position of max and min in the gui.


	Renamed evaluation_model to likelihood_function in the composite models. This covers the usage better.









v0.10.5 (2017-09-22)


Added


	Adds support for multiple output files in the mdt-math-img CLI function.


	Adds post sampling log messages


	Adds caching to deferred loading collections.







Changed


	Changed the signature of write_nifti and moved the header argument to the optional keyword arguments.


	Updates to the documentation of the configuration.


	Small improvements in the post-sampling processing.


	the function write_nifti now creates the directories if they do not exist yet.







Fixed


	Fixed non working documentation build on read the docs. Removed the sphinxarg.ext since it is not supported yet on read the docs.







Other


	Small path updates to the batch profiles.


	MDT now also saves the log likelihood and log priors after sampling.


	Made the sampler sample from the complete log likelihood. This allows storing the likelihood and prior values and use them later for maximum posterior and maximum likelihood calculations.


	Simplified model compartment expressions due to improvements in MOT.









v0.10.4 (2017-09-06)


Changed


	Changes the default sampling settings of the phi parameter. Since it is supposed to wrap around 2*pi, we can not use the circular gaussian approximation if we are constraining it between 0 and pi, instead we use a simple gaussian proposal and a truncated gaussian sampling estimate.


	Updates to the processing strategies. Adds an interface for MRIModels to work with the processing strategies.







Other


	Following the changes in MOT, we can now let a compartment model and a library function evaluate itself given some input data.









v0.10.3 (2017-08-29)


Added


	Adds some of the new config switches in the maps visualizer to the graphical interface.


	Adds the possibility of interpreting vector maps as RGB maps. Useful for displaying Tensor FA orientation maps.


	Added overridden method to the problem data.


	Adds support for fitting when the protocol is empty.


	Added parameter name logging to MDT instead of in MOT.







Changed


	Updated the processing strategy with a better mask file placement (technical thing).


	Updates to the sampling post-processing.


	Updates to the documentation.


	Updated the InputDataMRI interface to contain a few more properties.


	Updated the changelog generation slightly.


	Updated the ExpT1DecIR model, adds a cascade. Updated the way cascades are updated as such that it allows for multiple copies of the same model in a cascade.


	Updates to the GUI.


	Updates the parser to the latest version of Grako.







Fixed


	Fixed naming issues when loading new maps in the map viewer.


	Fixes the image squeezing in the viewer when adding a colorbar.


	Fixed the issue with the get_free_param_names removal.







Other


	Version bump.


	Small refactoring in the processing strategy.


	Renamed the S0-TIGre model to S0_TI_GRE.


	Reverted some changes on the S0-T1-GRE model.


	Renamed InputDataMRI to MRIInputData and InputDataDMRI to SimpleMRIInputData.


	Renamed ‘problem_data’ to ‘input_data’, ‘DMRIProblemData’ to ‘InputDataDMRI’ and all other possible renamings. This also deprecates the function  since it has been renamed to .


	Following changes in MOT.









v0.10.2 (2017-08-23)


Added


	Adds chunk indices look-a-head in the processing strategies. This allows the Processor to start pre-loading the next batch.









v0.10.1 (2017-08-22)


Changed


	Updates to the GUI.


	Updates to the maps visualizer.









v0.10.0 (2017-08-17)


Added


	Adds automatic changelog generation from the git log.


	Adds multivariate statistic to sampling output. Changes the KurtosisExtension to a KurtosisTensor single model.


	Adds catch for special case.


	Adds Tensor reorientation as a post processing. This reorients theta, phi and psi to match the sorted eigen vectors / eigen values.


	Adds compartment model sorting based on weights as a post-processing to composite models. Adds automatic sorting to Ball&Sticks and CHARMED models.


	Adds small boundary conditions to the Kurtosis model.


	Adds clickable point information to the map visualization GUI.


	Adds name collision resolution in the visualization GUI after dragging in images with the same name.


	Adds a library function for the kurtosis matrix multiplication.


	Added component construction to the __new__ of a component template. This allows the template to construct itself at object initialization.







Changed


	Changes the way the logging is condensed during optimization.


	Updates to the GUI.


	Updates to the documentation. Also, the compartment models now no longer need their own files, they can be defined in any file in the compartment_models directory.


	Updates to the documentation, renamed the Kurtosis compartment to KurtosisExtension and made it require the Tensor in the Composite model.


	Updates to the documentation. Updates to the Kurtosis model. Sets boundary conditions correct and adds post-processing.


	Updates to the documentation style.







Fixed


	Fixed bug in matplotlib renderer with the highlight voxel.


	Fixed the small GUI bug with the random maps naming.







Other


	Removed calculated example files.


	Removed redundant logging.


	Small renaming updates.


	Adds some linear algebra methods to the utilities, Changed the way the psi component of the Tensor is used.


	More work on the post-sampling statistics.


	Removed redundant model.


	Moved more relaxometry compartments to the single python file. Slightly increased the number of voxels in sampling.


	Update to the cartesian to spherical function.


	First work on map sorting.


	Small bugfix in the MRI constants.


	Small function reshuffling, updates to comments.


	Small fix with the InitializationData in the fit model.


	Small bugfix to the GUI.


	Completely adds the Kurtosis model. Adds some small library functions as well for the Tensor and Kurtosis computations.









v0.9.40 (2017-07-27)


Added


	Adds ActiveAx cascade.







Other


	Small release to add ActiveAx cascade model.


	Small update to docs.









v0.9.39 (2017-07-26)


Changed


	Updates to the documentation







Other


	Small fix allowing b-value to be stored in protocol alongside Delta, delta and G.


	Removed the functionality of having the CL code in a separate file for the compartment models and the library models. Now everything is in the Python model definition.









v0.9.38 (2017-07-25)


Added


	Adds Kurtosis model.


	Adds the extra-axonal time dependent CHARMED from (De Santis 2016). Still needs to be tested though.


	Adds TimeDependentZeppelin for use in the extra-axonal time dependent CHARMED model. Also, the dependency_list in the compartments now also accepts other compartments as strings. Finally, the compartments now no longer need the prefix “cm” in their CL callable function”


	Adds the ActiveAx model.


	Adds the ActiveAx model, slight update to what the Neumann cylindrical function calculates.







Changed


	Small update in the model fit GUI, separated the models from the cascades to make it more clear what these mean


	Adds three new models, ActiveAx, Time Dependent ActiveAx (see De Santis 2016), Kurtosis


	Simplified the processing strategies to make it more robust


	The visualization GUI can now load images from multiple folders


	The visualization GUI now also supports dragging nifti files into the viewer for loading and viewing.


	Updates to some of the relaxometry models, fixed the simulations to the latest MOT version.







Fixed


	Fixed list/dict bug in viewer.


	Fixed the simulations module to work with the latest MOT version. Updates to some of the relaxometry models.







Other


	Small documentation update.


	Update to Kurtosis.


	Merge branch ‘master’ of github.com:cbclab/MDT.


	Merged local copy, fixed small issue in the dragging of files in the visualization GUI.


	Some initial work on the AxCaliber model. We are not there yet.


	More simplifications to the models, adds reload function in the module loaders (for reloading the cache), add TemplateModifier that can rewrite the source code of a template.


	Merge branch ‘master’ of github.com:cbclab/MDT.


	In the model fit GUI, separated the models from the cascades to make it more clear what the cascades do.


	In the model fit GUI, separated the models from the cascades to make it more clear what the cascades do.


	Renamed the Silvia 2016 time dependent model from CHARMED to ActiveAx.


	Made ActiveAx diffusivity dependency more clear.


	Removed the GDRCylindersFixedRadii compartment model, it was not used anywhere. Simplified the NODDI tortuosity parameter dependency.


	Update to doc about the parameter renaming.


	The parameter definitions in the compartment model now support nicknaming to enable swapping a parameter without having to rename that parameter in the model equation or other code.


	Renamed the component_configs to component templates and moved some base classes to other folders. Also, all components constructed from templates now carry a back reference to that template as a class attribute.


	Small updates to the processing strategies.


	Prepared the processing strategies for possible multithreading.


	Small comment update in the processing strategy.


	Refactored the processing strategies such that paralellization may be possible in the future.
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MDT

Launches the MDT Graphical User Interface.



usage: MDT [-h] [-d dir]






Named Arguments


	-d, --dir

	the base directory for the file choosers










mdt-apply-mask

Mask the background using the given mask.

This function multiplies a given volume (or list of volumes) with a binary mask.



usage: mdt-apply-mask [-h] [--overwrite] mask input_files [input_files ...]






Positional Arguments


	mask

	the (brain) mask to use



	input_files

	The input images to use








Named Arguments


	--overwrite

	Overwrite the original images, if not set we create an output file.

Default: False







Example of use:

mdt-apply-mask data.nii.gz -m roi_mask_0_50.nii.gz
mdt-apply-mask *.nii.gz -m my_mask.nii.gz










mdt-batch-fit

Fits a batch profile to a set of data.

This script can be used to fit multiple models to multiple datasets. It needs a batch profile with information
about the subjects. If no batch profile is given, this routine will try to auto-detect a good batch profile.

The most general batch profile is the ‘DirPerSubject’ profile which assumes that every subject has
its own subdirectory under the given data folder. For details, please look up the batch profiles in your home folder.

A few of the batch profile settings can be altered with arguments to this script. For example,
use_gradient_deviations and models_to_fit override the values in the batch profile.



usage: mdt-batch-fit [-h] [-o OUTPUT_FOLDER] [-b {}]
                     [--cl-device-ind [{} [{} ...]]] [--recalculate]
                     [--no-recalculate] [--use-gradient-deviations]
                     [--no-gradient-deviations] [--double] [--float]
                     [--subjects-index [SUBJECTS_INDEX [SUBJECTS_INDEX ...]]]
                     [--subjects-id [SUBJECTS_ID [SUBJECTS_ID ...]]]
                     [--dry-run] [--tmp-results-dir TMP_RESULTS_DIR]
                     data_folder [models_to_fit [models_to_fit ...]]






Positional Arguments


	data_folder

	the directory with the subject to fit



	models_to_fit

	The models to fit








Named Arguments


	-o, --output_folder

	the directory for the output, defaults to an output dir next to the input dir.



	-b, --batch_profile

	The batch profile (by name) to use during fitting. If not given abatch profile is auto-detected.



	--cl-device-ind

	The index of the device we would like to use. This follows the indices in mdt-list-devices and defaults to the first GPU.



	--recalculate

	Recalculate the model(s) if the output exists.

Default: False



	--no-recalculate

	Do not recalculate the model(s) if the output exists. (default)

Default: False



	--use-gradient-deviations

	Uses the gradient deviations. If not set, the default in the profile is used.



	--no-gradient-deviations

	Disable the use of gradient deviations. If not set, the default in the profile is used.



	--double

	Calculate in double precision.

Default: False



	--float

	Calculate in single precision. (default)

Default: False



	--subjects-index

	The indices of the subjects we would like to fit. This reduces the set of subjects.



	--subjects-id

	The id of the subjects we would like to fit. This reduces the set of subjects.



	--dry-run

	Shows what it will do without the dry run argument.

Default: False



	--tmp-results-dir

	The directory for the temporary results. The default (“True”) uses the config file setting. Set to the literal “None” to disable.

Default: “True”







Example of use:

mdt-batch-fit . NODDI
mdt-batch-fit /data/mgh 'BallStick_r1' --batch-profile 'HCP_MGH'
mdt-batch-fit . CHARMED_r1 --subjects-id 1003 1004 --subjects-index 0 1 2
mdt-batch-fit . BallStick_r1 Tensor --dry-run










mdt-create-bvec-bval

Generate the bval and bvec file from a protocol file.



usage: mdt-create-bvec-bval [-h] protocol [bvec] [bval]






Positional Arguments


	protocol

	the protocol file



	bvec

	the output bvec file



	bval

	the output bvec file







Example of use:

mdt-create-bvec-bval my_protocol.prtcl
mdt-create-bvec-bval my_protocol.prtcl bvec_name.bvec bval_name.bval










mdt-create-mask

Create a (brain) mask for the given DWI. This uses the median-otsu algorithm.



usage: mdt-create-mask [-h] [-o OUTPUT_NAME] [--median-radius MEDIAN_RADIUS]
                       [--mask-threshold MASK_THRESHOLD] [--numpass NUMPASS]
                       [--dilate DILATE] [--cl-device-ind [{} [{} ...]]]
                       dwi protocol






Positional Arguments


	dwi

	the diffusion weighted image



	protocol

	the protocol file, see mdt-create-protocol








Named Arguments


	-o, --output-name

	the filename of the output file. Default is <dwi_name>_mask.nii.gz



	--median-radius

	Radius (in voxels) of the applied median filter (default 4).

Default: 4



	--mask-threshold

	Everything below this b-value threshold is masked away (value in s/m^2, default 0)

Default: 0



	--numpass

	Number of pass of the median filter (default 4).

Default: 4



	--dilate

	Number of iterations for binary dilation (default 1).

Default: 1



	--cl-device-ind

	The index of the device we would like to use. This follows the indices in mdt-list-devices and defaults to the first GPU.







Example of use:

mdt-create-mask data.nii.gz data.prtcl
mdt-create-mask data.nii.gz data.prtcl -o data_mask.nii.gz
mdt-create-mask data.nii.gz data.prtcl -o data_mask.nii.gz --median-radius 2










mdt-create-protocol

Create a protocol from a bvec and bval file.

MDT uses a protocol file (with extension .prtcl) to store all the acquisition related values.
This is a column based file which can hold, next to the b-values and gradient directions,
the big Delta, small delta, gradient amplitude G and more of these extra acquisition details.



usage: mdt-create-protocol [-h] [-s BVAL_SCALE_FACTOR] [-o OUTPUT_FILE]
                           [--sequence-timing-units {ms,s}] [--G G]
                           [--maxG MAXG] [--Delta DELTA] [--delta DELTA]
                           [--TE TE] [--TR TR]
                           bvec bval






Positional Arguments


	bvec

	the gradient vectors file



	bval

	the gradient b-values








Named Arguments


	-s, --bval-scale-factor

	We expect the b-values in the output protocol in units of s/m^2. Example use: 1 or 1e6. The default is autodetect.



	-o, --output_file

	the output protocol, defaults to “<bvec_name>.prtcl” in the same directory as the bvec file.



	--sequence-timing-units

	Possible choices: ms, s

The units of the sequence timings. The default is ‘ms’ which we will convert to ‘s’.

Default: “ms”



	--G

	The gradient amplitudes in T/m.



	--maxG

	The maximum gradient amplitude in T/m. This is only useful if we need to guess big Delta and small delta. Default is 0.04 T/m



	--Delta

	The big Delta to use, either a single number or a file with either a single number or one number per gradient direction.



	--delta

	The small delta to use, either a single number or a file with either a single number or one number per gradient direction.



	--TE

	The TE to use, either a single number or a file with either a single number or one number per gradient direction.



	--TR

	The TR to use, either a single number or a file with either a single number or one number per gradient direction.







Example of use:

mdt-create-protocol data.bvec data.bval
mdt-create-protocol data.bvec data.bval -o my_protocol.prtcl
mdt-create-protocol data.bvec data.bval
mdt-create-protocol data.bvec data.bval --Delta 30 --delta 20
mdt-create-protocol data.bvec data.bval --sequence-timing-units 's' --Delta 0.03
mdt-create-protocol data.bvec data.bval --TE ../my_TE_file.txt





Additional columns can be specified using the syntax: “–{column_name} {value}” structure.
Please note that these additional values will not be auto-converted from ms to s.






mdt-create-roi-slice

Create a single slice mask that only includes the voxels in the selected slice.



usage: mdt-create-roi-slice [-h] [-d DIMENSION] [-s SLICE] [-o OUTPUT_NAME]
                            mask






Positional Arguments


	mask

	the mask to select a slice from








Named Arguments


	-d, --dimension

	The dimension to index (0, 1, 2, …). Default is 2.



	-s, --slice

	The slice to use in the selected dimension (0, 1, 2, …).Defaults to center of chosen dimension.



	-o, --output-name

	the filename of the output file. Default is <mask_name>_<dim>_<slice>.nii.gz







Example of use:

mdt-create-roi-slice mask.nii.gz
mdt-create-roi-slice mask.nii.gz -d 1 -s 50
mdt-create-roi-slice mask.nii.gz -d 1 -s 50 -o my_roi_1_50.nii.gz










mdt-estimate-noise-std

Estimate the noise standard deviation of the Gaussian noise in the original complex image domain.

The result is a single floating point number with the noise std. for every voxel. It uses the estimation routines
from the components folders for the estimation. The estimation is the same as the one used in mdt-model-fit, but
since the noise std estimation depends on the mask used, it is better to call this function beforehand with a
complete brain mask. Later, the mdt-model-fit routine can be called on smaller masks with as noise std the value
from this function.



usage: mdt-estimate-noise-std [-h] dwi protocol mask






Positional Arguments


	dwi

	the diffusion weighted image



	protocol

	the protocol file, see mdt-create-protocol



	mask

	the (brain) mask to use







Example of use:

mdt-estimate-noise-std data.nii.gz data.prtcl full_mask.nii.gz










mdt-get-example-data

Get the MDT example data that is accompanying the installation.

This will write the MDT example data (b1k_b2k and b6k datasets) to the indicated directory. You can use this data for
testing MDT on your computer. These example datasets are contained within the MDT package and as such are available
on every machine with MDT installed.



usage: mdt-get-example-data [-h] [dir]






Positional Arguments


	dir

	the output directory







Example of use:

mdt-get-example-data
mdt-get-example-data .










mdt-gui

Launches the MDT Graphical User Interface.



usage: mdt-gui [-h] [-d dir]






Named Arguments


	-d, --dir

	the base directory for the file choosers










mdt-info-img

Print some basic information about an image file.



usage: mdt-info-img [-h] images [images ...]






Positional Arguments


	images

	The input images







Example of use:

mdt-info-img my_img.nii
mdt-info-img *.nii










mdt-info-protocol

Print some basic information about a protocol.



usage: mdt-info-protocol [-h] protocol






Positional Arguments


	protocol

	the protocol file







Example of use:

mdt-info-protocol my_protocol.prtcl










mdt-init-user-settings

This script is meant to update your home folder with the latest MDT models.


The location we will write to is: ~/.mdt (where ~ stands for your home folder).






usage: mdt-init-user-settings [-h] [--pass-if-exists] [--always-overwrite]






Named Arguments


	--pass-if-exists

	do nothing if the config dir exists (default)

Default: False



	--always-overwrite

	always overwrite the config directory with the default settings

Default: False










mdt-list-devices

This script prints information about the available devices on your computer.



usage: mdt-list-devices [-h] [-l]






Named Arguments


	-l, --long

	print all info about the devices

Default: False










mdt-list-models

This script prints a list of all the models MDT can find in your home directory.



usage: mdt-list-models [-h] [-l]






Named Arguments


	-l, --long

	print the descriptions

Default: False










mdt-math-img

Evaluate an expression on a set of images.

This is meant to quickly convert/combine one or two maps with a mathematical expression.
The expression can be any valid python expression.

The input list of images are loaded as numpy arrays and stored in the array ‘input’ and ‘i’.
Next, the expression is evaluated using the input images and the result is stored in the indicated file(s).

In the expression you can either use the arrays ‘input’ or ‘i’ with linear indices, or/and you can use alphabetic
characters for each image. For example, if you have specified 2 input images
you can address them as:



	input[0] or i[0] or a


	input[1] or i[1] or b







This linear alphabetic indexing works with every alphabetic character except for the ‘i’ since that
one is reserved for the array.

The module numpy is available under ‘np’ and some functions of MDT under ‘mdt’.
This allows expressions like:

np.mean(np.concatenate(i, axis=3), axis=3)





to get the mean value per voxel of all the input images.

It is possible to change the mode of evaluation from single expression to a more complex python
statement using the switch –as-statement (the default is –as-expression). In a statement
more complex python commands are allowed. In statement mode you must explicitly output the
results using ‘return’. (Basically it wraps your command in a function, of which the output is
used as expression value).

If no output file is specified and the output is of dimension 2 or lower we print the output directly
to the console. If the output is a list or tuple instead of an ndarray we will write every element of that
sequence as a separate file. This will use the indicated file as basename and append an numerical index to it.



usage: mdt-math-img [-h] [-e] [-s] [-o OUTPUT_FILE] [-w] [-4d] [--verbose]
                    input_files [input_files ...] expr






Positional Arguments


	input_files

	The input images to use



	expr

	The expression/statement to evaluate.








Named Arguments


	-e, --as-expression

	Evaluates the given string as an expression (default).

Default: True



	-s, --as-statement

	Evaluates the given string as an statement.

Default: True



	-o, --output-file

	the output file, if set we write to this specific file



	-w, --write

	write the results

Default: False



	-4d, --input-4d

	Add a singleton dimension to all input 3d maps to make them 4d, this prevents some broadcast issues.

Default: False



	--verbose, -v

	Verbose, prints runtime information

Default: False







Example of use:

mdt-math-img fiso.nii ficvf.nii '(1-input[0]) * i[1]' -o Wic.w.nii.gz
mdt-math-img fiso.nii ficvf.nii '(1-a) * b' -o Wic.w.nii.gz
mdt-math-img *.nii.gz 'np.mean(np.concatenate(i, axis=3), axis=3)' -o output.nii.gz
mdt-math-img FA.nii.gz 'np.mean(a)'
mdt-math-img FA.nii white_matter_mask.nii 'np.mean(mdt.create_roi(a, b))'
mdt-math-img images*.nii.gz mask.nii 'list(map(lambda f: np.mean(mdt.create_roi(f, i[-1])), i[0:-1]))'
mdt-math-img FA.nii.gz
mdt-math-img timeseries.nii '[a[..., ind] for ind in range(a.shape[-1])]' -o split.nii










mdt-math-protocol

Evaluate an expression on a protocol.

This is meant to quickly change a protocol using mathematical expressions. The expressions
can be any valid python string separated if needed with the semicolon (;).

The columns of the input protocol are loaded and stored as arrays with as variable names the names of the
columns. Next, the expression is evaluated on those columns and the result is stored in the indicated file.

Columns can easily be removed with the python ‘del’ command. New columns can easily be added by assignment.
When adding a column, the value can either be a scalar or a vector.

Additionally, the numpy library is available with prefix ‘np.’.



usage: mdt-math-protocol [-h] [-o OUTPUT_FILE] [-a ADDITIONAL_FILES]
                         input_protocol expr






Positional Arguments


	input_protocol

	The input protocol



	expr

	The expression to evaluate.








Named Arguments


	-o, --output_file

	the output protocol, defaults to the input protocol.



	-a, --additional-file

	additional file to load to be used for columns, placed in ‘files’ list by index







Example of use:

mdt-math-protocol protocol.prtcl 'G *= 1e-3' -o new_protocol.prtcl
mdt-math-protocol p.prtcl 'G *= 1e-3; TR /= 1000; TE /= 1000'
mdt-math-protocol p.prtcl 'del(G)'
mdt-math-protocol p.prtcl 'TE  = 50e-3'
mdt-math-protocol p.prtcl -a Delta.txt 'Delta = files[0]'










mdt-model-fit

Fit one of the models to the given data.

This function can use two kinds of noise standard deviation, a global or a local (voxel wise).
If the argument -n / –noise-std is not set, MDT uses a default automatic noise estimation which
may be either global or local. To use a predefined global noise std please set the argument to a
floating point value. To use a voxel wise noise std, please give it a filename with a map to use.



usage: mdt-model-fit [-h] [-o OUTPUT_FOLDER] [-n NOISE_STD]
                     [--gradient-deviations GRADIENT_DEVIATIONS]
                     [--cl-device-ind [{} [{} ...]]] [--recalculate]
                     [--no-recalculate] [--dont-use-cascaded-inits]
                     [--use-cascaded-inits]
                     [--method {Powell,Nelder-Mead,Levenberg-Marquardt,Subplex}]
                     [--patience PATIENCE] [--double] [--float]
                     [--tmp-results-dir TMP_RESULTS_DIR]
                     [--config-context CONFIG_CONTEXT]
                     [--extra-protocol EXTRA_PROTOCOL [EXTRA_PROTOCOL ...]]
                     model dwi protocol mask






Positional Arguments


	model

	model name, see mdt-list-models



	dwi

	the diffusion weighted image



	protocol

	the protocol file, see mdt-create-protocol



	mask

	the (brain) mask to use








Named Arguments


	-o, --output_folder

	the directory for the output, defaults to “output/<mask_name>” in the same directory as the dwi volume



	-n, --noise-std

	the noise std, defaults to None for automatic noise estimation.Either set this to a value, or to a filename.



	--gradient-deviations

	The volume with the gradient deviations to use, in HCP WUMINN format.



	--cl-device-ind

	The index of the device we would like to use. This follows the indices in mdt-list-devices and defaults to the first GPU.



	--recalculate

	Recalculate the model(s) if the output exists. (default)

Default: True



	--no-recalculate

	Do not recalculate the model(s) if the output exists.

Default: True



	--dont-use-cascaded-inits

	Do not initialize the model with a better starting point.

Default: True



	--use-cascaded-inits

	Initialize the model with a better starting point (default). Only works for default MDT models.

Default: True



	--method

	Possible choices: Powell, Nelder-Mead, Levenberg-Marquardt, Subplex

The optimization method to use, defaults to Powell.

Default: “Powell”



	--patience

	The patience for the optimization routine



	--double

	Calculate in double precision.

Default: False



	--float

	Calculate in single precision. (default)

Default: False



	--tmp-results-dir

	The directory for the temporary results. The default (“True”) uses the config file setting. Set to the literal “None” to disable.

Default: “True”



	--config-context

	The configuration context to use during fitting the model. Same syntax as config files



	--extra-protocol

	Additional protocol values, provide as <key>=<value> pairs







Example of use:

mdt-model-fit BallStick_r1 data.nii.gz data.prtcl roi_mask_0_50.nii.gz
mdt-model-fit ... --cl-device-ind 1
mdt-model-fit ... --cl-device-ind {0, 1}
mdt-model-fit ... --extra-protocol T1=T1_map.nii.gz T2=10










mdt-view-maps

Launches the MDT maps visualizer.



usage: mdt-view-maps [-h] [-c CONFIG] [-m] [--to-file TO_FILE] [--width WIDTH]
                     [--height HEIGHT] [--dpi DPI]
                     [items [items ...]]






Positional Arguments


	items

	the directory or file(s)








Named Arguments


	-c, --config

	Use the given initial configuration



	-m, --maximize

	Maximize the shown window

Default: False



	--to-file

	If set, export the figure to the given filename



	--width

	The width of the output file when –to-file is set



	--height

	The height of the output file when –to-file is set



	--dpi

	The dpi of the output file when –to-file is set










mdt-volume-merge

Merge a list of volume images on the 4th dimension. Writes the result to a single image.

Please note that by default this will sort the list of volume names based on a natural key sort. This is
the most convenient option in the case of globbing files. You can disable this behaviour
using the flag –no-sort.



usage: mdt-volume-merge [-h] -o OUTPUT_FILE [--sort] [--no-sort]
                        [--no-merge-order-file]
                        input_files [input_files ...]






Positional Arguments


	input_files

	The input images to merge








Named Arguments


	-o, --output_file

	the filename of the output file



	--sort

	Sort the input images using a natural sort (default)

Default: True



	--no-sort

	Do not sort the input images

Default: True



	--no-merge-order-file

	Do not write the merge order file

Default: False







Example of use:

mdt-volume-merge merged.nii.gz *.nii.gz
mdt-volume-merge --no-sort merged.nii.gz *.nii.gz













          

      

      

    

  

    
      
          
            
  
Developer guidelines

This chapter first contains some helping information on debugging your CL code, with afterwards some coding guidelines for MDT (core-)developers.


Debugging opencl


Evaluating models

To aid debugging of MDT compartment models, composite models and library functions, MDT allows you to evaluate your CL model based on some simple inputs.
For example:

stick = mdt.get_component('compartment_models', 'Stick')()
result = stick.evaluate({'g':     [1, 0, 0],
                         'b':     1e9,
                         'd':     1e-9,
                         'theta': 1,
                         'phi':   1
                         }, 1)





In this example we loaded the Stick compartment from the MDT repository, instantiated it and evalauted it based on a dictionary of input elements.
This evaluate() [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction.evaluate] method allows takes as input a dictionary of values (one for each function parameter) and executes the CL code based on those inputs.
If more than one value is given per parameter, the code will be evaluated multiple times, once for each set of parameters.
For example:

stick = mdt.get_component('compartment_models', 'Stick')()
result = stick.evaluate({'g':     [1, 0, 0],
                         'b':     1e9,
                         'd':     [1e-9, 2e-9],
                         'theta': [1, 2],
                         'phi':   1
                         }, 2)





In this example, the Stick model will be evaluated twice, first on the set of parameters:

{'g':     [1, 0, 0],
 'b':     1e9,
 'd':     1e-9,
 'theta': 1,
 'phi':   1
 }





and second, on the set of parameters:

{'g':     [1, 0, 0],
 'b':     1e9,
 'd':     2e-9,
 'theta': 2,
 'phi':   1
 }





Using the evaluate function, you can also evaluate library functions:

component = mdt.get_component('library_functions',
                              'SphericalToCartesian')
model = component()
result = model.evaluate({'theta': 0.5, 'phi': 0.5}, 1)





and composite models:

model = mdt.get_model('BallStick_r1')()
model_function = model.get_composite_model_function()
retval = model_function.evaluate({
    'g': [1, 0, 0],
    'b': 2e9,
    'S0.s0': 1000,
    'w_ball.w': 0.5,
    'w_stick0.w': 0.5,
    'Ball.d': 1e-9,
    'Stick0.d': 1e-9,
    'Stick0.theta': 0.5,
    'Stick0.phi': 0.5
}, 1)








Using the printf function

In addition to the above, it is also possible to print the execution status within a CL kernel, using the OpenCL printf command.
The printf command is part of the OpenCL language and allows you to print some variables during kernel execution.

As an example, suppose we want to print the output of the Stick compartment during model execution.
The original Stick cl code is:

cl_code = '''
    return exp(-b * d * pown(
        dot(g, SphericalToCartesian(theta, phi)), 2));
'''





and we want to include printing of the dot product. We then change the code to read:

cl_code = '''
    printf("%f", dot(g, SphericalToCartesian(theta, phi)));

    return exp(-b * d * pown(
        dot(g, SphericalToCartesian(theta, phi)), 2));
'''





now, the value of the dot product will be printed during kernel execution.

Please be aware that this may print A LOT of output.
That is, including the above print statement and running the BallStick model on a diffusion dataset will print a value for every voxel, for every volume and for every iteration of the optimization routine.
This can slightly be prevented by providing a mask in which only a single voxel is selected.

For the reference guide on printf, please see: https://www.khronos.org/registry/OpenCL/sdk/1.2/docs/man/xhtml/printfFunction.html






Developer guidelines

MDT has a few small guidelines to make future collaboration as easy as possible by maintaining code consistency.
Since MDT is written in two languages, Python and OpenCL we have guidelines for both languages.


Variable naming

In general, in both OpenCL and Python, try to use semantically informative names for your functions and variables.
For example, instead of typing:

def sph2cart(theta, phi):
    st = np.sin(theta)
    sp = np.sin(phi)
    ...





use something like this instead:

def spherical_to_cartesian(theta, phi):
    sin_theta = np.sin(theta)
    sin_phi = np.sin(phi)
    ...





Here, both the name of the function spherical_to_cartesian and the names of the variables sin_theta, sin_phi, make it immediately clear what
the function does or what the variables contain.
More in general, avoid acronyms where possible.




Syntax guideline

For parts programmed in OpenCL you can primarily use your own syntax style, yet we do prefer that the opening brackets are on the same line as
the function or if statement, and that the closing brackets are on their own line. For example:

void my_function(){
    if(...){

    }
    else{

    }
}





For the Python parts, please follow the general PEP guidelines where possible.
For example, try to not extend the Python code beyond 80 characters.
Also try to avoid the ... if ... else ... style of programming.






Documentation

In MDT we use the ReStructedText format (extension .rst) for the documentation and we use Sphinx with the Napoleon style docstring for the API documentation generation.

For the section headers in the documentation, please follow this convention:


	% with overline, for main title


	# with overline, for parts


	* with overline, for chapters


	=, for sections


	-, for subsections


	^, for subsubsections


	“, for paragraphs





Generate the documentation

Generating the documentation on your workstation is easy using the command make docs.
This command uses Sphinx to generate the documentation from the Python code (the API documentation), and then links it to general documentation files in the docs directory.
Please note that you will only need to run this command if you want to generate the documentation on your computer, the online MDT documentation is generated automatically.

In order to run the command make docs, you will need to have a few packages installed. To do so, please run:

$ sudo apt install python3-pip python3-numpy python3-yaml \
    python3-matplotlib python3-scipy python3-nibabel \
    python3-argcomplete
$ sudo pip3 install tatsu sphinx alabaster sphinx-argparse sphinxcontrib-bibtex gitchangelog pystache





Some of these commands are Debian/Ubuntu specific, for other operating systems please lookup the corresponding packages for your system.

If you additionally want to generate the PDF documentation file you will have to install some Latex packages as well:

$ sudo apt install \
    texlive-latex-base \
    texlive-latex-recommended \
    texlive-fonts-recommended texlive-latex-extra \
    latexmk








Generating a release (only possible with access rights)

Use make prepare-release to prepare the release, then use make release to push the release.

Required packages:

$ sudo apt install \
    python3-pystache \
    dput \
    python3-stdeb \
    devscripts \
    build-essential \
    twine

$ sudo pip3 install \
    gitchangelog \
    python3-wheel













          

      

      

    

  

    
      
          
            
  
Development ideas

Some ideas for future development of MDT.


	
	to discuss: add ‘scale_factor’ to the parameters as a simple scaling factor

	
	for use in MLE and FIM


	replacing ScaleTransform and scale_factor in numdiff_info


	perhaps add it to MCMC as well










	
	MPT (Microstructure Prototol Toolbox)

	
	Perhaps a different package using MDT and MOT for protocol optimization










	
	More optimization routines:

	
	L-BFGS-B


	BOBYQA or NEWUOA from Powell


	Particle Swarm


	See the book “Introduction to derivative free optimization” or similar books










	
	More sampling routines:

	
	emcee










	
	Automatic derivatives

	
	This is only doable with OpenCL 2.2










	
	Python 3.7:

	
	removed ordereddict


	use f-strings










	
	OpenCL 2.0:

	
	remove priors and merge with the constraints










	
	remove the JohnsonNoise model

	
	have the OffsetGaussian an separate input for the offset










	
	protocol options using a selection matrix.

	
	i.e. per protocol row a 0 or 1 if that protocol is supposed to be used


	Allows protocol options per voxel.










	remove mot_float_type, replace with either float or double depending on insight/tests


	move g to gx, gy, gz


	Move to using an OpenCL Context instead of the devices


	Add more model documentation, in particular what all the output maps are


	
	DynamicGlobal kernel data element

	
	as a substitute for Local where needed










	Add more documentation on how to change devices
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mdt.cli_scripts package


Submodules




mdt.cli_scripts.MDT module

Launches the MDT GUI, similar to the mdt-gui command


	
class mdt.cli_scripts.MDT.GUI_Shortcut

	Bases: mdt.cli_scripts.mdt_gui.GUI






	
mdt.cli_scripts.MDT.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_apply_mask module

Mask the background using the given mask.

This function multiplies a given volume (or list of volumes) with a binary mask.


	
class mdt.cli_scripts.mdt_apply_mask.ApplyMask

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_apply_mask.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_batch_fit module

Fits a batch profile to a set of data.

This script can be used to fit multiple models to multiple datasets. It needs a batch profile with information
about the subjects. If no batch profile is given, this routine will try to auto-detect a good batch profile.

The most general batch profile is the ‘DirPerSubject’ profile which assumes that every subject has
its own subdirectory under the given data folder. For details, please look up the batch profiles in your home folder.

A few of the batch profile settings can be altered with arguments to this script. For example,
use_gradient_deviations and models_to_fit override the values in the batch profile.


	
class mdt.cli_scripts.mdt_batch_fit.BatchFit

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_batch_fit.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_create_bvec_bval module

Generate the bval and bvec file from a protocol file.


	
class mdt.cli_scripts.mdt_create_bvec_bval.CreateBvecBval

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_create_bvec_bval.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_create_mask module

Create a (brain) mask for the given DWI. This uses the median-otsu algorithm.


	
class mdt.cli_scripts.mdt_create_mask.CreateMask

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_create_mask.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_create_protocol module

Create a protocol from a bvec and bval file.

MDT uses a protocol file (with extension .prtcl) to store all the acquisition related values.
This is a column based file which can hold, next to the b-values and gradient directions,
the big Delta, small delta, gradient amplitude G and more of these extra acquisition details.


	
class mdt.cli_scripts.mdt_create_protocol.CreateProtocol

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_create_protocol.add_column_to_protocol(protocol, column, value, mult_factor)

	




	
mdt.cli_scripts.mdt_create_protocol.add_extra_columns(protocol, extra_args)

	




	
mdt.cli_scripts.mdt_create_protocol.add_sequence_timing_column_to_protocol(protocol, column, value, units)

	




	
mdt.cli_scripts.mdt_create_protocol.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_create_roi_slice module

Create a single slice mask that only includes the voxels in the selected slice.


	
class mdt.cli_scripts.mdt_create_roi_slice.CreateRoiSlice

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_create_roi_slice.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_estimate_noise_std module

Estimate the noise standard deviation of the Gaussian noise in the original complex image domain.

The result is a single floating point number with the noise std. for every voxel. It uses the estimation routines
from the components folders for the estimation. The estimation is the same as the one used in mdt-model-fit, but
since the noise std estimation depends on the mask used, it is better to call this function beforehand with a
complete brain mask. Later, the mdt-model-fit routine can be called on smaller masks with as noise std the value
from this function.


	
class mdt.cli_scripts.mdt_estimate_noise_std.NoiseStdEstimation

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_estimate_noise_std.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_get_example_data module

Get the MDT example data that is accompanying the installation.

This will write the MDT example data (b1k_b2k and b6k datasets) to the indicated directory. You can use this data for
testing MDT on your computer. These example datasets are contained within the MDT package and as such are available
on every machine with MDT installed.


	
class mdt.cli_scripts.mdt_get_example_data.GetExampleData

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_get_example_data.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_gui module

Launches the MDT Graphical User Interface.


	
class mdt.cli_scripts.mdt_gui.GUI

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_gui.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_info_img module

Print some basic information about an image file.


	
class mdt.cli_scripts.mdt_info_img.InfoImg

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
print_info(header)

	




	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_info_img.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_info_protocol module

Print some basic information about a protocol.


	
class mdt.cli_scripts.mdt_info_protocol.InfoProtocol

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
print_info(protocol)

	




	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_info_protocol.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_init_user_settings module

This script is meant to update your home folder with the latest MDT models.


	
class mdt.cli_scripts.mdt_init_user_settings.InitUserSettings

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_init_user_settings.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_list_devices module

This script prints information about the available devices on your computer.


	
class mdt.cli_scripts.mdt_list_devices.ListDevices

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_list_devices.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_list_models module

This script prints a list of all the models MDT can find in your home directory.


	
class mdt.cli_scripts.mdt_list_models.ListModels

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_list_models.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_math_img module

Evaluate an expression on a set of images.

This is meant to quickly convert/combine one or two maps with a mathematical expression.
The expression can be any valid python expression.

The input list of images are loaded as numpy arrays and stored in the array ‘input’ and ‘i’.
Next, the expression is evaluated using the input images and the result is stored in the indicated file(s).

In the expression you can either use the arrays ‘input’ or ‘i’ with linear indices, or/and you can use alphabetic
characters for each image. For example, if you have specified 2 input images
you can address them as:



	input[0] or i[0] or a


	input[1] or i[1] or b







This linear alphabetic indexing works with every alphabetic character except for the ‘i’ since that
one is reserved for the array.

The module numpy is available under ‘np’ and some functions of MDT under ‘mdt’.
This allows expressions like:

np.mean(np.concatenate(i, axis=3), axis=3)





to get the mean value per voxel of all the input images.

It is possible to change the mode of evaluation from single expression to a more complex python
statement using the switch –as-statement (the default is –as-expression). In a statement
more complex python commands are allowed. In statement mode you must explicitly output the
results using ‘return’. (Basically it wraps your command in a function, of which the output is
used as expression value).

If no output file is specified and the output is of dimension 2 or lower we print the output directly
to the console. If the output is a list or tuple instead of an ndarray we will write every element of that
sequence as a separate file. This will use the indicated file as basename and append an numerical index to it.


	
class mdt.cli_scripts.mdt_math_img.MathImg

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_math_img.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_math_protocol module

Evaluate an expression on a protocol.

This is meant to quickly change a protocol using mathematical expressions. The expressions
can be any valid python string separated if needed with the semicolon (;).

The columns of the input protocol are loaded and stored as arrays with as variable names the names of the
columns. Next, the expression is evaluated on those columns and the result is stored in the indicated file.

Columns can easily be removed with the python ‘del’ command. New columns can easily be added by assignment.
When adding a column, the value can either be a scalar or a vector.

Additionally, the numpy library is available with prefix ‘np.’.


	
class mdt.cli_scripts.mdt_math_protocol.MathProtocol

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_math_protocol.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_model_fit module

Fit one of the models to the given data.

This function can use two kinds of noise standard deviation, a global or a local (voxel wise).
If the argument -n / –noise-std is not set, MDT uses a default automatic noise estimation which
may be either global or local. To use a predefined global noise std please set the argument to a
floating point value. To use a voxel wise noise std, please give it a filename with a map to use.


	
class mdt.cli_scripts.mdt_model_fit.ModelFit

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_model_fit.get_doc_arg_parser()

	




	
mdt.cli_scripts.mdt_model_fit.get_extra_protocol(extra_protocols_listing, base_dir)

	






mdt.cli_scripts.mdt_view_maps module

Launches the MDT maps visualizer.


	
class mdt.cli_scripts.mdt_view_maps.GUI

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_view_maps.get_doc_arg_parser()

	






mdt.cli_scripts.mdt_volume_merge module

Merge a list of volume images on the 4th dimension. Writes the result to a single image.

Please note that by default this will sort the list of volume names based on a natural key sort. This is
the most convenient option in the case of globbing files. You can disable this behaviour
using the flag –no-sort.


	
class mdt.cli_scripts.mdt_volume_merge.VolumeMerge

	Bases: mdt.lib.shell_utils.BasicShellApplication


	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.

















	
mdt.cli_scripts.mdt_volume_merge.get_doc_arg_parser()
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mdt.component_templates package


Submodules




mdt.component_templates.base module


	
class mdt.component_templates.base.ComponentBuilder

	Bases: object

The base class for component builders.

Component builders, together with ComponentTemplate allow you to define components using Templates,
special classes where the properties are defined using class attributes.

The ComponentTemplate contains class attributes defining the component which can be used by the
ComponentBuilder to create a class of the right type from the information in that template.


	
create_class(template)

	Create a class of the right type given the information in the template.


	Parameters

	template (ComponentTemplate) – the information as a component config



	Returns

	the class of the right type



	Return type

	class














	
class mdt.component_templates.base.ComponentTemplate

	Bases: object

The component configuration.

By overriding the class attributes you can define complex configurations. The actual class distilled from these
configurations are loaded by the builder referenced by _builder.


	
_component_type

	the component type of this template. Set to one of the valid template types.


	Type

	str










	
_builder

	the builder to use for constructing an object of the given template


	Type

	ComponentBuilder










	
name

	the name of the template


	Type

	str










	
description

	a description of the object / template


	Type

	str









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
component_type = None

	




	
description = ''

	




	
classmethod meta_info()

	




	
name = ''

	




	
subcomponents = []

	








	
class mdt.component_templates.base.ComponentTemplateMeta

	Bases: type

A pre-processor for the components.

On the moment this meta class does two things, first it adds all functions with the ‘_bind’ property
to the bound_methods dictionary for binding them later to the constructed class. Second, it sets the
name attribute to the template class name if there is no name attribute defined.






	
mdt.component_templates.base.bind_function(func)

	This decorator is for methods in ComponentTemplates that we would like to bind to the constructed component.

Example suppose you want to inherit or overwrite a function in the constructed model, then in your template/config
you should define the function and add @bind_function to it as a decorator, like this:

# the class we want to create
class MyGoal:
    def test(self):
        print('test')

# the template class from which we want to construct a new MyGoal, note the @bind_function
class MyConfig(ComponentTemplate):
    @bind_function
    def test(self):
        super().test()
        print('test2')





The component builder takes care to actually bind the new method to the final object.

What this will do essentially is that it will add the property bind to the function. This should act as a
flag indicating that that function should be bound.


	Parameters

	func (python function) – the function to bind to the build object










	
mdt.component_templates.base.merge_dict(dictionary)

	Makes sure that the given dictionary updates the dictionary of the parent template instead of overwriting it.

This is meant to be used inside component templates. Suppose the following hierarchy of templates:

class Template(ComponentTemplate):
    property = {'a': 1, 'b': 2}

class Item(Template):
    property = {'a': 3}





Here, the property of Item will overwrite those of Template and set the value to {‘a’: 3}. In some instances this
is desired, in other instances it can be desired to have the property of Item be set to {‘a’: 3, ‘b’: 2}.
To automatically merge the dictionaries with those of the parent you can use:

from mdt.component_templates.base import merge_dicts

class Item(Template):
   property = merge_dict({'a': 3})












mdt.component_templates.batch_profiles module


	
class mdt.component_templates.batch_profiles.BatchProfileBuilder

	Bases: mdt.component_templates.base.ComponentBuilder






	
class mdt.component_templates.batch_profiles.BatchProfileTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

The batch profile template to inherit.


	
name

	the name of this batch profile


	Type

	str










	
description

	the description


	Type

	str










	
subject_base_folder

	the base folder for this subject. Allows expansion of {subject_id}.


	Type

	str










	
data_fname

	the filename of the data volumes file. Allows expansion of {subject_id}
and {subject_base_folder}, and supports globbing. Results are afterwards filtered to exclude matches
of the mask and gradient deviations files.


	Type

	str










	
mask_fname

	the filename of the mask. Allows expansion of {subject_id} and {subject_base_folder},
and supports globbing.


	Type

	str










	
noise_std_fname

	the filename of the noise standard deviation file. Can be textfile or a nifti file.
Allows expansion of {subject_id} and {subject_base_folder}, and supports globbing.


	Type

	str










	
gradient_deviations_fname

	the filename of the gradient deviations. Allows expansion of
{subject_id} and {subject_base_folder}, and supports globbing.


	Type

	str










	
protocol_auto_dir

	the directory from which MDT will try to autoload a directory.
Supports {subject_id} and {subject_base_folder}, and supports globbing.


	Type

	str










	
protocol_fname

	the filename of the protocol file to use. Supports {subject_id}
and {subject_base_folder}, and supports globbing. If provided, we use it instead of the automatically
searched default.


	Type

	str










	
bvec_fname

	the filename of the bvec file to use. Supports {subject_id}
and {subject_base_folder}, and supports globbing. If provided, we use it instead of the automatically
searched default.


	Type

	str










	
bval_fname

	the filename of the bval file to use. Supports {subject_id}
and {subject_base_folder}, and supports globbing. If provided, we use it instead of the automatically
searched default.


	Type

	str










	
protocol_columns

	a dictionary with additional columns to add to the protocol file. Use this for
default values for all subjects in your study.


	Type

	dict









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
bval_fname = None

	




	
bvec_fname = None

	




	
component_type = 'batch_profiles'

	




	
data_fname = '{subject_base_folder}/*.nii*'

	




	
description = ''

	




	
gradient_deviations_fname = '{subject_base_folder}/grad_dev.nii*'

	




	
mask_fname = '{subject_base_folder}/*mask.nii*'

	




	
name = None

	




	
noise_std_fname = '{subject_base_folder}/noise_std*'

	




	
protocol_auto_dir = '{subject_base_folder}'

	




	
protocol_columns = {}

	




	
protocol_fname = None

	




	
subcomponents = []

	




	
subject_base_folder = '{subject_id}'

	










mdt.component_templates.compartment_models module


	
class mdt.component_templates.compartment_models.CompartmentBuilder

	Bases: mdt.component_templates.base.ComponentBuilder






	
class mdt.component_templates.compartment_models.CompartmentTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

The compartment config to inherit from.

These configs are loaded on the fly by the CompartmentBuilder.


	
name

	the name of the model, defaults to the class name


	Type

	str










	
description

	model description


	Type

	str










	
return_type

	the return type of this compartment, defaults to double.


	Type

	str










	
parameters

	the list of parameters to use. A few options are possible per item, that is, if given:


	a string, we will look for a corresponding parameter with the given name


	an instance of a CLFunctionParameter subclass, this will then be used directly


	
	the literal @observation, this injects the current volume/observation into this function

	of type mot_float_type and name observation.







	
	the literal @observations, this injects a pointer to all the observations into this function.

	of type float and name observations.







	
	the literal @observation_ind, the index of the current observation we are computing the signal for,

	of type uint and name observation_ind.







	
	the literal @nmr_observation, injects the total number of observations,

	of type uint and name nmr_observation.







	
	the literal @cache, this injects the data cache into this function, with the name cache

	and a struct as datatype. The struct type name is provided by this compartment name appended with
_DataCache.







	
	the literal @noise_std, this injects the current value of the noise standard sigma parameter value

	of the likelihood function in this parameter.










	Type

	list










	
dependencies

	the list of functions this function depends on, can contain string which will be
resolved as library functions.


	Type

	list










	
cl_code

	the CL code definition to use, please provide here the body of your CL function.


	Type

	str










	
cl_extra

	additional CL code for your model. This will be prepended to the body of your CL function.


	Type

	str










	
constraints

	additional inequality constraints for this model. Each constraint needs to be
implemented as g(x) where we assume that g(x) <= 0. For example, to implement a simple inequality
constraint like d >= dperp0, we first write it as dperp0 - d <= 0. We can then implement it as:

constraints = '''
    constraints[0] = dperp0 - d;
'''





To add more constraint, add another entry to the constraints array. MDT parses the given text and
automatically recognizes the model parameter names and the number of constraints.


	Type

	str or None










	
prior

	an extra MCMC sample prior for this compartment. This is additional to the priors
defined in the parameters. This should be an instance of a CLFunction or a string with a CL function body.
If the latter, the CLFunction is automatically constructed based on the content of the string.


	Type

	str or None










	
cache_info

	the data cache information. This works in combination with specifying the @cache
parameter for this compartment. The cache info should have two elements, fields and cl_code.
The fields specify the items we need to store in the structure, the syntax per field is either a string
like double alpha or a tuple like ('double', 'alpha'). Specifying a tuple also allows for specifying
arrays like: ('double', 'beta', 10). The CL code given by cl_code is supposed to fill the cache.
This cl_code will be wrapped in a function with as arguments all free parameters of the compartments,
and the cache. The fields in the cache are accessible using *cache->alpha, i.e. dereferencing a pointer
to a variable using the cache. An optional element in the cache info is “use_local_reduction”
which specifies that for this compartment we use all workitems in the workgroup. If not set, or if False,
we will execute the cache CL code only for the first work item. The default is True.


	Type

	dict










	
extra_optimization_maps

	a list of functions to return extra information maps based on a point estimate.
This is called after the model calculated uncertainties based on the Fisher Information Matrix.
Therefore, these routines can propagate uncertainties in the estimates.

These functions should accept as single argument an object of type
mdt.models.composite.ExtraOptimizationMapsInfo.

Examples:

extra_optimization_maps_funcs = [lambda d: {'FS': 1 - d['w']},
                                 lambda d: {'Kurtosis.MK': <...>},
                                 lambda d: {'Power2': d['foo']**2, 'Power3': d['foo']**3},
                                 ...]






	Type

	list










	
extra_sampling_maps

	a list of functions to return additional maps as results from sample.
This is called after sample with as argument a dictionary containing the sample results and
the values of the fixed parameters.

Examples:

extra_sampling_maps = [lambda s: {'MD': np.mean((s['d'] + s['dperp0'] + s['dperp1'])/3., axis=1)}
                      ...]






	Type

	list









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
cache_info = None

	




	
cl_code = None

	




	
cl_extra = None

	




	
component_type = 'compartment_models'

	




	
constraints = None

	




	
dependencies = []

	




	
description = ''

	




	
extra_optimization_maps = []

	




	
extra_sampling_maps = []

	




	
name = ''

	




	
parameters = []

	




	
prior = None

	




	
return_type = 'double'

	




	
subcomponents = []

	








	
class mdt.component_templates.compartment_models.WeightBuilder

	Bases: mdt.component_templates.base.ComponentBuilder






	
class mdt.component_templates.compartment_models.WeightCompartmentTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

Special compartment template for representing a Weight.

Defining a compartment as a Weight enables automatic volume fraction weighting, and ensures that all weights sum
to one during optimization and sample.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
cl_code = None

	




	
cl_extra = None

	




	
component_type = 'compartment_models'

	




	
dependencies = []

	




	
description = ''

	




	
name = ''

	




	
parameters = []

	




	
return_type = 'double'

	




	
subcomponents = []

	










mdt.component_templates.composite_models module


	
class mdt.component_templates.composite_models.CompartmentContextResults(compartment_name, input_results)

	Bases: collections.abc.Mapping

Translates the original results to the context of a single compartment.

This basically adds a wrapper around the input dictionary to make the keys relative to the compartment.


	Parameters

	
	compartment_name (str) – the name of the compartment we are making things relative for


	input_results (dict) – the original input we want to make relative













	
class mdt.component_templates.composite_models.CompositeModelTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

The composite model config to inherit from.

These configs are loaded on the fly by the DMRICompositeModelBuilder


	
name

	the name of the model, defaults to the class name


	Type

	str










	
description

	model description


	Type

	str










	
extra_optimization_maps

	a list of functions to return extra information maps based on a point estimate.
This is called after after the model calculated uncertainties based on the Fisher Information Matrix.
Therefore, these routines can propagate uncertainties in the estimates.

These functions should accept as single argument an object of type
mdt.models.composite.ExtraOptimizationMapsInfo.

Examples:

extra_optimization_maps = [lambda d: {'FS': 1 - d['w_ball.w']},
                           lambda d: {'Kurtosis.MK': <...>},
                           lambda d: {'Power2': d['foo']**2, 'Power3': d['foo']**3},
                           ...]






	Type

	list










	
extra_sampling_maps

	a list of functions to return additional maps as results from sample.
This is called after sample with as argument a dictionary containing the sample results and
the values of the fixed parameters.

Examples:

extra_sampling_maps = [lambda d: {'FS': np.mean(d['w_stick0.w'], axis=1),
                                  'FS.std': np.std(d['w_stick0.w'], axis=1)}
                      ...]






	Type

	list










	
model_expression

	the model expression. For the syntax see:
mdt.models.parsers.CompositeModelExpression.ebnf


	Type

	str










	
likelihood_function

	the
likelihood function to use during optimization, can also can be a string with one of
‘Gaussian’, ‘OffsetGaussian’ or ‘Rician’


	Type

	mdt.model_building.likelihood_functions.LikelihoodFunction or str










	
signal_noise_model

	optional signal noise decorator


	Type

	SignalNoiseModel










	
inits

	indicating the initialization values for the parameters. Example:

inits = {'Stick.theta': np.pi}






	Type

	dict










	
fixes

	indicating the constant value for the given parameters. Example:

fixes = {'Ball.d': 3.0e-9,
         'NODDI_EC.kappa': SimpleAssignment('NODDI_IC.kappa'),
         'NODDI_EC.theta': 'NODDI_IC.theta'}





Next to values, this also accepts strings as dependencies (or dependecy objects directly).


	Type

	dict










	
upper_bounds

	indicating the upper bounds for the given parameters. Example:

upper_bounds = {'Stick.theta': pi}






	Type

	dict










	
lower_bounds

	indicating the lower bounds for the given parameters. Example:

lower_bounds = {'Stick.theta': 0}






	Type

	dict










	
enforce_weights_sum_to_one

	set to False to disable the automatic Weight-sum-to-one dependency.
By default it is True and we add them.


	Type

	boolean










	
volume_selection

	the volume selection by this model. This can be used to limit the volumes used
in the analysis to only the volumes included in the specification. You can specify specific protocol
names here for limiting the selected volumes. For example, for the Tensor model we can write:

volume_selection = {'b': [(0, 1.5e9 + 0.1e9)]}





To limit the volumes to the b-values between 0 and 1.6e9.
If the method _get_suitable_volume_indices is overwritten, this does nothing.


	Type

	dict










	
prior

	a model wide prior. This is used in conjunction
with the compartment priors and the parameter priors.


	Type

	str or CLFunction or None










	
constraints

	additional inequality constraints for this model. Each constraint needs to be
implemented as g(x) where we assume that g(x) <= 0. For example, to implement a simple inequality
constraint like Tensor.d >= Tensor.dperp0, we first write it as Tensor.dperp0 - Tensor.d <= 0.
We can then implement it as:

constraints = 'constraints[0] = Tensor.dperp0 - Tensor.d;'





To add more constraint, add another entry to the constraints array. MDT parses the given text and
automatically recognizes the model parameter names and the number of constraints.


	Type

	str or None









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
component_type = 'composite_models'

	




	
constraints = None

	




	
description = ''

	




	
enforce_weights_sum_to_one = True

	




	
extra_optimization_maps = []

	




	
extra_sampling_maps = []

	




	
fixes = {}

	




	
inits = {}

	




	
likelihood_function = 'OffsetGaussian'

	




	
lower_bounds = {}

	




	
classmethod meta_info()

	




	
model_expression = ''

	




	
name = ''

	




	
prior = None

	




	
signal_noise_model = None

	




	
subcomponents = []

	




	
upper_bounds = {}

	




	
volume_selection = None

	








	
class mdt.component_templates.composite_models.DMRICompositeModelBuilder

	Bases: mdt.component_templates.base.ComponentBuilder






	
mdt.component_templates.composite_models.parse_composite_model_expression(model_expression)

	Parse the given model expression into a suitable model tree.


	Parameters

	
	model_expression (str) – the model expression string. Example:

model_expression = '''
    S0 * ( (Weight(Wball) * Ball) +
           (Weight(Wstick) * Stick ) )
'''








	the model name is followed by parenthesis the string in parenthesis will represent the model's nickname. (If) – 






	Returns

	the compartment model tree for use in composite models.



	Return type

	list












mdt.component_templates.library_functions module


	
class mdt.component_templates.library_functions.LibraryFunctionTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

The library function config to inherit from.

These configs are loaded on the fly by the LibraryFunctionsBuilder.


	
name

	the name of the model, defaults to the class name


	Type

	str










	
description

	model description


	Type

	str










	
return_type

	the return type of the function, defaults to void


	Type

	str










	
parameters

	the list of parameters to use. If a parameter is a string we will
use it automatically, if not it is supposed to be a LibraryParameter
instance that we append directly.


	Type

	list










	
cl_code

	the CL code definition to use.


	Type

	str










	
cl_extra

	auxiliary functions for the library, prepended to the generated CL function.


	Type

	str










	
dependencies

	the list of functions this function depends on, can contain string which will be
resolved as library functions.


	Type

	list










	
is_function

	set to False to disable the automatic generation of a function signature.
Use this for macro or typedef only libraries.


	Type

	boolean









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
cl_code = None

	




	
cl_extra = None

	




	
component_type = 'library_functions'

	




	
dependencies = []

	




	
description = ''

	




	
is_function = True

	




	
name = ''

	




	
parameters = []

	




	
return_type = 'void'

	




	
subcomponents = []

	








	
class mdt.component_templates.library_functions.LibraryFunctionsBuilder

	Bases: mdt.component_templates.base.ComponentBuilder








mdt.component_templates.parameters module


	
class mdt.component_templates.parameters.AzimuthAngleParameterTemplate

	Bases: mdt.component_templates.parameters.SphericalCoordinateParameterTemplate

Azimuth angle for use in spherical coordinate systems.

If a compartment uses both a PolarAngleParameterTemplate and AzimuthAngleParameterTemplate,
the composite model will ensure that the resulting cartesian coordinates are within the right spherical hemisphere.
This is possible since diffusion is symmetric.

In the background, we limit both the the polar angle and the azimuth angle between [0, pi] parameter
between [0, pi] by projecting any other angle combination onto the right spherical hemisphere.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {<bound method MockNamedComponent.__name__ of <class 'unittest.mock.MockNamedComponent'>>: <MockNamedComponent name='mock()' id='140206817426064'>}

	




	
component_type = 'parameters'

	




	
name = 'AzimuthAngleParameterTemplate'

	




	
subcomponents = []

	








	
class mdt.component_templates.parameters.FreeParameterTemplate

	Bases: mdt.component_templates.parameters.ParameterTemplate

The default template options for free parameters.


	
init_value

	the initial value


	Type

	float










	
fixed

	if this parameter is fixed or not. If not fixed this should
hold a reference to a value or a matrix


	Type

	boolean or ndarray of float










	
lower_bound

	the lower bounds, used in the parameter transform and prior


	Type

	float










	
upper_bound

	the upper bounds, used in the parameter transform and prior


	Type

	float










	
parameter_transform

	(str or AbstractTransformation): the
parameter transformation, this is used for automatic range transformation of the parameters during
optimization. See Harms 2017 NeuroImage for details. Typical elements are:


	Identity: no transformation


	Scale: scales the parameters (try to aim for a range between [0, 1])


	Positivity: ensures the parameters are positive


	Clamp: limits the parameter between its lower and upper bounds


	CosSqrClamp: changes the range of the optimized parameters to [0, 1] and ensures boundary constraints


	SinSqrClamp: same as CosSqrClamp


	SqrClamp: same as clamp but with an additional square root to change the magnitude of the range


	AbsModPi: ensures absolute modulus of the input parameters between zero and pi.


	AbsModTwoPi: ensures absolute modulus of the input parameters between zero and two pi.









	
sampling_proposal_std

	the default proposal standard deviation for this parameter. This is used
in some MCMC sample routines.


	Type

	float










	
sampling_prior

	the prior function






	
numdiff_info

	the information necessary to take the numerical derivative of a model with respect to this parameter.
Either a dictionary with the keyword arguments to
SimpleNumDiffInfo or an information
object directly. If None, we use an empty dictionary. Please note that if you override this, you will have
to specify all of the items (no automatic inheritance of sub-items).


	Type

	dict or NumDiffInfo









Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {<bound method MockNamedComponent.__name__ of <class 'unittest.mock.MockNamedComponent'>>: <MockNamedComponent name='mock()' id='140206817426064'>}

	




	
component_type = 'parameters'

	




	
data_type = 'mot_float_type'

	




	
fixed = False

	




	
init_value = 1

	




	
lower_bound = -1e+20

	




	
name = 'FreeParameterTemplate'

	




	
numdiff_info = {'max_step': 0.1, 'scale_factor': 1, 'use_bounds': True, 'use_lower_bound': True, 'use_upper_bound': True}

	




	
parameter_transform = 'Identity'

	




	
sampling_prior = <MockNamedComponent name='mock()' id='140206817426064'>

	




	
sampling_proposal_std = 1

	




	
subcomponents = []

	




	
upper_bound = 1e+20

	








	
class mdt.component_templates.parameters.ParameterBuilder

	Bases: mdt.component_templates.base.ComponentBuilder






	
class mdt.component_templates.parameters.ParameterTemplate

	Bases: mdt.component_templates.base.ComponentTemplate

The parameter template to inherit from.

These templates are loaded on the fly by the ParametersBuilder


	template options:

	name (str): the name of the parameter, defaults to the class name
description (str): the description of this parameter
data_type (str): the data type for this parameter





Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
component_type = 'parameters'

	




	
data_type = 'mot_float_type'

	




	
description = ''

	




	
name = ''

	




	
subcomponents = []

	








	
class mdt.component_templates.parameters.PolarAngleParameterTemplate

	Bases: mdt.component_templates.parameters.SphericalCoordinateParameterTemplate

Polar angle for use in spherical coordinate systems.

If a compartment uses both a PolarAngleParameterTemplate and AzimuthAngleParameterTemplate,
the composite model will ensure that the resulting cartesian coordinates are within the right spherical hemisphere.
This is possible since diffusion is symmetric.

In the background, we limit both the the polar angle and the azimuth angle between [0, pi] parameter
between [0, pi] by projecting any other angle combination onto the right spherical hemisphere.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {<bound method MockNamedComponent.__name__ of <class 'unittest.mock.MockNamedComponent'>>: <MockNamedComponent name='mock()' id='140206817426064'>}

	




	
component_type = 'parameters'

	




	
name = 'PolarAngleParameterTemplate'

	




	
subcomponents = []

	








	
class mdt.component_templates.parameters.ProtocolParameterTemplate

	Bases: mdt.component_templates.parameters.ParameterTemplate

The default template options for protocol parameters.

To save on memory, protocol data is loaded as a float by default.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {}

	




	
component_type = 'parameters'

	




	
data_type = 'float'

	




	
name = 'ProtocolParameterTemplate'

	




	
subcomponents = []

	




	
value = None

	








	
class mdt.component_templates.parameters.RotationalAngleParameterTemplate

	Bases: mdt.component_templates.parameters.FreeParameterTemplate

Template base class for parameters for which we want to enforce a modulus range.

Parameters of this type are essentially unbounded, but their range is restricted to [0, modulus] using a modulo
transformation. The modulus can be provided as an argument. This parameter class is recognized by the
composite model which adds the necessary functions to the optimization and sampling routines.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {<bound method MockNamedComponent.__name__ of <class 'unittest.mock.MockNamedComponent'>>: <MockNamedComponent name='mock()' id='140206817426064'>}

	




	
component_type = 'parameters'

	




	
init_value = 1.5707963267948966

	




	
modulus = 3.141592653589793

	




	
name = 'RotationalAngleParameterTemplate'

	




	
numdiff_info = {'max_step': 0.1, 'scale_factor': 10, 'use_lower_bound': False, 'use_upper_bound': False}

	




	
sampling_proposal_std = 0.1

	




	
subcomponents = []

	








	
class mdt.component_templates.parameters.SphericalCoordinateParameterTemplate

	Bases: mdt.component_templates.parameters.FreeParameterTemplate

Template base class for spherical coordinate parameters.

These are meant to be inherited by the polar angle template and the azimuth angle template.

Instead of creating an instance of a Template, this will build the actual component.

This allows one to build the model of a template by regular object initialization. For example, these two
calls (a and b) are exactly the same:

template = Template
a = construct_component(template)
b = template()






	
bound_methods = {<bound method MockNamedComponent.__name__ of <class 'unittest.mock.MockNamedComponent'>>: <MockNamedComponent name='mock()' id='140206817426064'>}

	




	
component_type = 'parameters'

	




	
init_value = 1.5707963267948966

	




	
name = 'SphericalCoordinateParameterTemplate'

	




	
numdiff_info = {'max_step': 0.1, 'scale_factor': 10, 'use_lower_bound': False, 'use_upper_bound': False}

	




	
sampling_proposal_std = 0.1

	




	
subcomponents = []

	










mdt.component_templates.utils module


	
class mdt.component_templates.utils.TemplateModifier(template)

	Bases: object

Given a template instance, this class can update the properties of the template and write that to a file.

This will overwrite the template definition in the source file where the template was originally defined. If you
desire a different location then first create a new file for the template.


	Parameters

	template (ComponentTemplate) – the template to update






	
get_source()

	Return the current source code buffer.


	Returns

	the updated source code



	Return type

	str










	
update(property_name, source_code_str)

	Update the given property with the given source code.

This does not write the results to file immediately, rather, this updates an internal buffer with the
updated source code. To write to file use write_to_file().


	Parameters

	
	property_name (str) – the property (attribute or function) to update


	source_code_str (str) – the updated source code for the property













	
write_to_file()

	Write the updated source code to file.

This can be called repetitively after calling update() since this method will keep track of the current
position in the file.












Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.maps_visualizer.config_tabs package


Submodules




mdt.gui.maps_visualizer.config_tabs.tab_general module


	
class mdt.gui.maps_visualizer.config_tabs.tab_general.TabGeneral(controller, parent=None)

	Bases: MockClass, mdt.gui.maps_visualizer.design.ui_TabGeneral.Ui_TabGeneral


	
select_maps_context_menu(position)

	




	
update_model(model)

	








	
mdt.gui.maps_visualizer.config_tabs.tab_general.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.maps_visualizer.config_tabs.tab_map_specific module


	
class mdt.gui.maps_visualizer.config_tabs.tab_map_specific.MapSpecificOptions(controller, parent=None)

	Bases: MockClass, mdt.gui.maps_visualizer.design.ui_MapSpecificOptions.Ui_MapSpecificOptions


	
reset()

	Set all the values to their defaults






	
use(map_name)

	Load the settings of the given map










	
class mdt.gui.maps_visualizer.config_tabs.tab_map_specific.TabMapSpecific(controller, parent=None)

	Bases: MockClass, mdt.gui.maps_visualizer.design.ui_TabMapSpecific.Ui_TabMapSpecific


	
model_updated(model)

	








	
mdt.gui.maps_visualizer.config_tabs.tab_map_specific.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.maps_visualizer.config_tabs.tab_textual module


	
class mdt.gui.maps_visualizer.config_tabs.tab_textual.TabTextual(controller, parent=None)

	Bases: MockClass, mdt.gui.maps_visualizer.design.ui_TabTextual.Ui_TabTextual


	
set_new_model(model)

	








	
mdt.gui.maps_visualizer.config_tabs.tab_textual.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.maps_visualizer.design package


Submodules




mdt.gui.maps_visualizer.design.main_rc module


	
mdt.gui.maps_visualizer.design.main_rc.qCleanupResources()

	




	
mdt.gui.maps_visualizer.design.main_rc.qInitResources()

	






mdt.gui.maps_visualizer.design.ui_MainWindow module


	
class mdt.gui.maps_visualizer.design.ui_MainWindow.Ui_MapsVisualizer

	Bases: object


	
retranslateUi(MapsVisualizer)

	




	
setupUi(MapsVisualizer)

	










mdt.gui.maps_visualizer.design.ui_MapSpecificOptions module


	
class mdt.gui.maps_visualizer.design.ui_MapSpecificOptions.Ui_MapSpecificOptions

	Bases: object


	
retranslateUi(MapSpecificOptions)

	




	
setupUi(MapSpecificOptions)

	










mdt.gui.maps_visualizer.design.ui_TabGeneral module


	
class mdt.gui.maps_visualizer.design.ui_TabGeneral.Ui_TabGeneral

	Bases: object


	
retranslateUi(TabGeneral)

	




	
setupUi(TabGeneral)

	










mdt.gui.maps_visualizer.design.ui_TabMapSpecific module


	
class mdt.gui.maps_visualizer.design.ui_TabMapSpecific.Ui_TabMapSpecific

	Bases: object


	
retranslateUi(TabMapSpecific)

	




	
setupUi(TabMapSpecific)

	










mdt.gui.maps_visualizer.design.ui_TabTextual module


	
class mdt.gui.maps_visualizer.design.ui_TabTextual.Ui_TabTextual

	Bases: object


	
retranslateUi(TabTextual)

	




	
setupUi(TabTextual)

	










mdt.gui.maps_visualizer.design.ui_save_image_dialog module


	
class mdt.gui.maps_visualizer.design.ui_save_image_dialog.Ui_SaveImageDialog

	Bases: object


	
retranslateUi(SaveImageDialog)

	




	
setupUi(SaveImageDialog)

	










Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.maps_visualizer.renderers package


Submodules




mdt.gui.maps_visualizer.renderers.base module


	
class mdt.gui.maps_visualizer.renderers.base.NoOptPlottingFrameInfoViewer

	Bases: mdt.gui.maps_visualizer.renderers.base.PlottingFrameInfoViewer

Implementations of this class can be given to a PlottingFrame to update viewing information.

As an interface is bridges the gap between the rest of the GUI and the PlottingFrame and
can encapsulate highlighting interesting aspects of one of the plots.


	
clear_voxel_info()

	Tell the info viewer that we are no longer looking at a specific voxel.






	
set_voxel_info(map_name, onscreen_coords, data_index)

	Highlight a single voxel.


	Parameters

	
	map_name (str) – the name of the map for which we are displaying the value


	onscreen_coords (tuple of x,y) – the coordinates of the voxel onscreen


	data_index (tuple of x,y,z,v) – the 4d coordinates of the corresponding voxel in the data

















	
class mdt.gui.maps_visualizer.renderers.base.PlottingFrame(controller, plotting_info_viewer=None)

	Bases: object


	
export_image(filename, width, height, dpi=100)

	Export the current view as an image.


	Parameters

	
	filename (str) – where to write the file


	width (int) – the width in pixels


	height (int) – the height in pixels


	dpi (int) – the dpi of the result













	
redraw()

	Tell the plotting frame to do a redraw.






	
set_auto_rendering(auto_render)

	Set if this plotting frame should auto render itself on every configuration update, or not.


	Parameters

	auto_render (boolean) – if True the plotting frame should auto render, if False it should only
render on manual updates.














	
class mdt.gui.maps_visualizer.renderers.base.PlottingFrameInfoViewer

	Bases: object

Implementations of this class can be given to a PlottingFrame to update viewing information.

As an interface is bridges the gap between the rest of the GUI and the PlottingFrame and
can encapsulate highlighting interesting aspects of one of the plots.


	
clear_voxel_info()

	Tell the info viewer that we are no longer looking at a specific voxel.






	
set_voxel_info(map_name, onscreen_coords, data_index)

	Highlight a single voxel.


	Parameters

	
	map_name (str) – the name of the map for which we are displaying the value


	onscreen_coords (tuple of x,y) – the coordinates of the voxel onscreen


	data_index (tuple of x,y,z,v) – the 4d coordinates of the corresponding voxel in the data



















mdt.gui.maps_visualizer.renderers.matplotlib_renderer module


	
class mdt.gui.maps_visualizer.renderers.matplotlib_renderer.MatplotlibPlotting(controller, parent=None, plotting_info_viewer=None)

	Bases: mdt.gui.maps_visualizer.renderers.base.PlottingFrame, MockClass


	
export_image(filename, width, height, dpi=100)

	Export the current view as an image.


	Parameters

	
	filename (str) – where to write the file


	width (int) – the width in pixels


	height (int) – the height in pixels


	dpi (int) – the dpi of the result













	
redraw()

	Tell the plotting frame to do a redraw.






	
set_auto_rendering(auto_render)

	Set if this plotting frame should auto render itself on every configuration update, or not.


	Parameters

	auto_render (boolean) – if True the plotting frame should auto render, if False it should only
render on manual updates.










	
update_model(model)

	








	
mdt.gui.maps_visualizer.renderers.matplotlib_renderer.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.maps_visualizer package


Subpackages



	mdt.gui.maps_visualizer.config_tabs package
	Submodules

	mdt.gui.maps_visualizer.config_tabs.tab_general module

	mdt.gui.maps_visualizer.config_tabs.tab_map_specific module

	mdt.gui.maps_visualizer.config_tabs.tab_textual module

	Module contents





	mdt.gui.maps_visualizer.design package
	Submodules

	mdt.gui.maps_visualizer.design.main_rc module

	mdt.gui.maps_visualizer.design.ui_MainWindow module

	mdt.gui.maps_visualizer.design.ui_MapSpecificOptions module

	mdt.gui.maps_visualizer.design.ui_TabGeneral module

	mdt.gui.maps_visualizer.design.ui_TabMapSpecific module

	mdt.gui.maps_visualizer.design.ui_TabTextual module

	mdt.gui.maps_visualizer.design.ui_save_image_dialog module

	Module contents





	mdt.gui.maps_visualizer.renderers package
	Submodules

	mdt.gui.maps_visualizer.renderers.base module

	mdt.gui.maps_visualizer.renderers.matplotlib_renderer module

	Module contents












Submodules




mdt.gui.maps_visualizer.actions module


	
class mdt.gui.maps_visualizer.actions.ConfigAction

	Bases: mdt.gui.maps_visualizer.actions.ModelUpdateAction

An abstract implementation of a model update action meant for updating only the configuration.


	
apply(data_config_model)

	Apply the changes to the configuration and keeps the data intact.

By default this method calls _apply(data_config_model) to facilitate quick implementation.






	
unapply()

	Return the configuration as it was before the application of this function.


	Returns

	the previous model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel














	
class mdt.gui.maps_visualizer.actions.ModelUpdateAction

	Bases: object


	
apply(data_config_model)

	Apply the changes to the given model and return a new model.


	Parameters

	data_config_model (mdt.gui.maps_visualizer.base.DataConfigModel) – the current data and configuration



	Returns

	the updated/new model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel










	
unapply()

	Return the configuration as it was before the application of this function.


	Returns

	the previous model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel














	
class mdt.gui.maps_visualizer.actions.NewConfigAction(new_config)

	Bases: mdt.gui.maps_visualizer.actions.ConfigAction


	
apply(data_config_model)

	Apply the changes to the configuration and keeps the data intact.

By default this method calls _apply(data_config_model) to facilitate quick implementation.






	
unapply()

	Return the configuration as it was before the application of this function.


	Returns

	the previous model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel














	
class mdt.gui.maps_visualizer.actions.NewDataAction(data, config=None)

	Bases: mdt.gui.maps_visualizer.actions.ModelUpdateAction

Sets the new data and (optional) configuration when applied.

This class will change some parts of the configuration to make sure that removing or adding maps does not
result in an improper configuration.


	
apply(data_config_model)

	Apply the changes to the given model and return a new model.


	Parameters

	data_config_model (mdt.gui.maps_visualizer.base.DataConfigModel) – the current data and configuration



	Returns

	the updated/new model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel










	
unapply()

	Return the configuration as it was before the application of this function.


	Returns

	the previous model



	Return type

	mdt.gui.maps_visualizer.base.DataConfigModel














	
class mdt.gui.maps_visualizer.actions.SetAnnotations(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'annotations'

	








	
class mdt.gui.maps_visualizer.actions.SetColorBarNmrTicks(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = ['colorbar_settings', 'nmr_ticks']

	








	
class mdt.gui.maps_visualizer.actions.SetColorbarLocation(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = ['colorbar_settings', 'location']

	








	
class mdt.gui.maps_visualizer.actions.SetColormap(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'colormap'

	








	
class mdt.gui.maps_visualizer.actions.SetDimension(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'dimension'

	








	
class mdt.gui.maps_visualizer.actions.SetFlipud(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'flipud'

	








	
class mdt.gui.maps_visualizer.actions.SetFont(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'font'

	








	
class mdt.gui.maps_visualizer.actions.SetGeneralMask(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'mask_name'

	








	
class mdt.gui.maps_visualizer.actions.SetInterpolation(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'interpolation'

	








	
class mdt.gui.maps_visualizer.actions.SetMapClipping(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction


	
config_attribute = 'clipping'

	








	
class mdt.gui.maps_visualizer.actions.SetMapColorbarLabel(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction


	
config_attribute = 'colorbar_label'

	








	
class mdt.gui.maps_visualizer.actions.SetMapColormap(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction


	
config_attribute = 'colormap'

	








	
class mdt.gui.maps_visualizer.actions.SetMapScale(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction


	
config_attribute = 'scale'

	








	
class mdt.gui.maps_visualizer.actions.SetMapTitle(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction


	
config_attribute = 'title'

	








	
class mdt.gui.maps_visualizer.actions.SetMapsToShow(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'maps_to_show'

	








	
class mdt.gui.maps_visualizer.actions.SetPlotTitle(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'title'

	








	
class mdt.gui.maps_visualizer.actions.SetRotate(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'rotate'

	








	
class mdt.gui.maps_visualizer.actions.SetShowAxis(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'show_axis'

	








	
class mdt.gui.maps_visualizer.actions.SetShowPlotColorbars(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = ['colorbar_settings', 'visible']

	








	
class mdt.gui.maps_visualizer.actions.SetShowPlotTitles(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'show_titles'

	








	
class mdt.gui.maps_visualizer.actions.SetSliceIndex(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'slice_index'

	








	
class mdt.gui.maps_visualizer.actions.SetVolumeIndex(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'volume_index'

	








	
class mdt.gui.maps_visualizer.actions.SetZoom(new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = 'zoom'

	








	
class mdt.gui.maps_visualizer.actions.SimpleConfigAction(new_value)

	Bases: mdt.gui.maps_visualizer.actions.ConfigAction

A simple configuration action this sets the given value to the config attribute of the configuration.

The config_attribute can be a list, if so, we iteratively look up the corresponding attributes and change
the last attribute element.


	
config_attribute = None

	








	
class mdt.gui.maps_visualizer.actions.SimpleMapSpecificConfigAction(map_name, new_value)

	Bases: mdt.gui.maps_visualizer.actions.SimpleConfigAction


	
config_attribute = None

	










mdt.gui.maps_visualizer.base module


	
class mdt.gui.maps_visualizer.base.Controller

	Bases: object

Controller interface


	
apply_action(action, store_in_history=True)

	Apply a new configuration action.

If there is no difference between the current config and the one generated by this new action, the
action will not be stored in history and will not need to be applied.


	Parameters

	
	action (mdt.gui.maps_visualizer.base.ConfigAction) – the configuration action to add and apply


	store_in_history (boolean) – if this action should be stored in the history or not













	
get_model()

	Get the model the view should represent.


	Returns

	
	the model the view should represent. This is also the model the actions can use for updating

	the model.









	Return type

	DataConfigModel










	
has_redo()

	Check if this controller has an redo action available.


	Returns

	True if an redo action is available.



	Return type

	boolean










	
has_undo()

	Check if this controller has an undo action available.


	Returns

	True if an undo action is available.



	Return type

	boolean










	
redo()

	Reapply a previously undone configuration action






	
set_data(data_info, config=None)

	Set new data to visualize.


	Parameters

	
	data_info (mdt.visualization.maps.base.DataInfo) – the new data to visualize


	config (mdt.visualization.maps.base.MapPlotConfig) – the new configuration for the data
If given, we will display the new data immediately with the given config













	
undo()

	Undo a previous configuration action










	
class mdt.gui.maps_visualizer.base.DataConfigModel

	Bases: object

The model contains all the state information for viewing the maps, both the data and the configuration.


	
get_config()

	Get the current configuration.


	Returns

	the visualization configuration.



	Return type

	mdt.visualization.maps.base.MapPlotConfig










	
get_data()

	Get the current data.


	Returns

	the information about the data we are viewing



	Return type

	mdt.visualization.maps.base.DataInfo














	
class mdt.gui.maps_visualizer.base.QtController

	Bases: mdt.gui.maps_visualizer.base.Controller, MockClass


	
apply_action(action, store_in_history=True)

	Apply a new configuration action.

If there is no difference between the current config and the one generated by this new action, the
action will not be stored in history and will not need to be applied.


	Parameters

	
	action (mdt.gui.maps_visualizer.base.ConfigAction) – the configuration action to add and apply


	store_in_history (boolean) – if this action should be stored in the history or not













	
get_model()

	Get the model the view should represent.


	Returns

	
	the model the view should represent. This is also the model the actions can use for updating

	the model.









	Return type

	DataConfigModel










	
has_redo()

	Check if this controller has an redo action available.


	Returns

	True if an redo action is available.



	Return type

	boolean










	
has_undo()

	Check if this controller has an undo action available.


	Returns

	True if an undo action is available.



	Return type

	boolean










	
model_updated = <MockNamedComponent name='mock()' id='140206766597232'>

	




	
redo()

	Reapply a previously undone configuration action






	
set_data(data_info, config=None)

	Set new data to visualize.


	Parameters

	
	data_info (mdt.visualization.maps.base.DataInfo) – the new data to visualize


	config (mdt.visualization.maps.base.MapPlotConfig) – the new configuration for the data
If given, we will display the new data immediately with the given config













	
undo()

	Undo a previous configuration action










	
class mdt.gui.maps_visualizer.base.SimpleDataConfigModel(data, config)

	Bases: mdt.gui.maps_visualizer.base.DataConfigModel

The model contains all the state information of the current viewing.


	Parameters

	
	data (mdt.visualization.maps.base.DataInfo) – the data information object


	config (mdt.visualization.maps.base.MapPlotConfig) – the configuration









	
get_config()

	Get the current configuration.


	Returns

	the visualization configuration.



	Return type

	mdt.visualization.maps.base.MapPlotConfig










	
get_data()

	Get the current data.


	Returns

	the information about the data we are viewing



	Return type

	mdt.visualization.maps.base.DataInfo
















mdt.gui.maps_visualizer.main module


	
class mdt.gui.maps_visualizer.main.AboutDialog(parent)

	Bases: mdt.gui.model_fit.design.ui_about_dialog.Ui_AboutDialog, MockClass






	
class mdt.gui.maps_visualizer.main.ExportImageDialog(parent, plotting_frame, controller)

	Bases: mdt.gui.maps_visualizer.design.ui_save_image_dialog.Ui_SaveImageDialog, MockClass


	
static plot_frame_resized()

	




	
previous_values = {'dpi': None, 'height': None, 'output_file': None, 'width': None, 'writeScriptsAndConfig': False}

	








	
class mdt.gui.maps_visualizer.main.MapsVisualizerWindow(controller, parent=None)

	Bases: MockClass, mdt.gui.maps_visualizer.design.ui_MainWindow.Ui_MapsVisualizer

Instantiate the maps GUI


	Parameters

	controller (mdt.gui.maps_visualizer.base.Controller) – the controller to use for updating the views






	
dragEnterEvent(event)

	Function to allow dragging nifti files in the viewer for viewing purpose.






	
dropEvent(event)

	One or more files where dropped in the GUI, load all the nifti files among them.






	
resizeEvent(event)

	




	
send_sigint(*args)

	




	
set_window_title(title)

	




	
update_model(model)

	








	
class mdt.gui.maps_visualizer.main.PlottingFrameInfoToStatusBar(controller, status_bar_label)

	Bases: mdt.gui.maps_visualizer.renderers.base.PlottingFrameInfoViewer


	
clear_voxel_info()

	Tell the info viewer that we are no longer looking at a specific voxel.






	
set_voxel_info(map_name, onscreen_coords, data_index)

	Highlight a single voxel.


	Parameters

	
	map_name (str) – the name of the map for which we are displaying the value


	onscreen_coords (tuple of x,y) – the coordinates of the voxel onscreen


	data_index (tuple of x,y,z,v) – the 4d coordinates of the corresponding voxel in the data

















	
mdt.gui.maps_visualizer.main.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator






	
mdt.gui.maps_visualizer.main.start_gui(data=None, config=None, controller=None, app_exec=True, show_maximized=False, window_title=None)

	Start the GUI with the given data and configuration.


	Parameters

	
	data (DataInfo) – the initial set of data


	config (MapPlotConfig) – the initial configuration


	controller (mdt.gui.maps_visualizer.base.QtController) – the controller to use in the application


	app_exec (boolean) – if true we execute the Qt application, set to false to disable.


	show_maximized (true) – if we want to show the window in a maximized state


	window_title (str) – the title of the window






	Returns

	the generated window



	Return type

	MapsVisualizerWindow












mdt.gui.maps_visualizer.widgets module


	
mdt.gui.maps_visualizer.widgets.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.model_fit.design package


Submodules




mdt.gui.model_fit.design.main_gui_rc module


	
mdt.gui.model_fit.design.main_gui_rc.qCleanupResources()

	




	
mdt.gui.model_fit.design.main_gui_rc.qInitResources()

	






mdt.gui.model_fit.design.ui_about_dialog module


	
class mdt.gui.model_fit.design.ui_about_dialog.Ui_AboutDialog

	Bases: object


	
retranslateUi(AboutDialog)

	




	
setupUi(AboutDialog)

	










mdt.gui.model_fit.design.ui_dialog_get_example_data module


	
class mdt.gui.model_fit.design.ui_dialog_get_example_data.Ui_GetExampleDataDialog

	Bases: object


	
retranslateUi(GetExampleDataDialog)

	




	
setupUi(GetExampleDataDialog)

	










mdt.gui.model_fit.design.ui_fit_model_tab module


	
class mdt.gui.model_fit.design.ui_fit_model_tab.Ui_FitModelTabContent

	Bases: object


	
retranslateUi(FitModelTabContent)

	




	
setupUi(FitModelTabContent)

	










mdt.gui.model_fit.design.ui_generate_brain_mask_tab module


	
class mdt.gui.model_fit.design.ui_generate_brain_mask_tab.Ui_GenerateBrainMaskTabContent

	Bases: object


	
retranslateUi(GenerateBrainMaskTabContent)

	




	
setupUi(GenerateBrainMaskTabContent)

	










mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog module


	
class mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog.Ui_LoadGBDialog

	Bases: object


	
retranslateUi(LoadGBDialog)

	




	
setupUi(LoadGBDialog)

	










mdt.gui.model_fit.design.ui_generate_protocol_tab module


	
class mdt.gui.model_fit.design.ui_generate_protocol_tab.Ui_GenerateProtocolTabContent

	Bases: object


	
retranslateUi(GenerateProtocolTabContent)

	




	
setupUi(GenerateProtocolTabContent)

	










mdt.gui.model_fit.design.ui_generate_protocol_update_dialog module


	
class mdt.gui.model_fit.design.ui_generate_protocol_update_dialog.Ui_UpdateColumnDialog

	Bases: object


	
retranslateUi(UpdateColumnDialog)

	




	
setupUi(UpdateColumnDialog)

	










mdt.gui.model_fit.design.ui_generate_roi_mask_tab module


	
class mdt.gui.model_fit.design.ui_generate_roi_mask_tab.Ui_GenerateROIMaskTabContent

	Bases: object


	
retranslateUi(GenerateROIMaskTabContent)

	




	
setupUi(GenerateROIMaskTabContent)

	










mdt.gui.model_fit.design.ui_main_gui module


	
class mdt.gui.model_fit.design.ui_main_gui.Ui_MainWindow

	Bases: object


	
retranslateUi(MainWindow)

	




	
setupUi(MainWindow)

	










mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog module


	
class mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog.Ui_AddProtocolMapDialog

	Bases: object


	
retranslateUi(AddProtocolMapDialog)

	




	
setupUi(AddProtocolMapDialog)

	










mdt.gui.model_fit.design.ui_optimization_extra_data_dialog module


	
class mdt.gui.model_fit.design.ui_optimization_extra_data_dialog.Ui_OptimizationExtraDataDialog

	Bases: object


	
retranslateUi(OptimizationExtraDataDialog)

	




	
setupUi(OptimizationExtraDataDialog)

	










mdt.gui.model_fit.design.ui_optimization_options_dialog module


	
class mdt.gui.model_fit.design.ui_optimization_options_dialog.Ui_OptimizationOptionsDialog

	Bases: object


	
retranslateUi(OptimizationOptionsDialog)

	




	
setupUi(OptimizationOptionsDialog)

	










mdt.gui.model_fit.design.ui_runtime_settings_dialog module


	
class mdt.gui.model_fit.design.ui_runtime_settings_dialog.Ui_RuntimeSettingsDialog

	Bases: object


	
retranslateUi(RuntimeSettingsDialog)

	




	
setupUi(RuntimeSettingsDialog)

	










Module contents







          

      

      

    

  

    
      
          
            
  
mdt.gui.model_fit.tabs package


Submodules




mdt.gui.model_fit.tabs.fit_model_tab module


	
class mdt.gui.model_fit.tabs.fit_model_tab.AddProtocolMapDialog(shared_state, parent, extra_protocol)

	Bases: mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog.Ui_AddProtocolMapDialog, MockClass


	
write_config()

	Write to the config the user selected options










	
class mdt.gui.model_fit.tabs.fit_model_tab.ExtraDataDialog(shared_state, parent, input_data_info)

	Bases: mdt.gui.model_fit.design.ui_optimization_extra_data_dialog.Ui_OptimizationExtraDataDialog, MockClass


	
write_config()

	Write to the config the user selected options










	
class mdt.gui.model_fit.tabs.fit_model_tab.FitModelTab(shared_state, computations_thread)

	Bases: mdt.gui.utils.MainTab, mdt.gui.model_fit.design.ui_fit_model_tab.Ui_FitModelTabContent, MockClass


	
setupUi(tab_content)

	




	
update_output_folder_text()

	








	
class mdt.gui.model_fit.tabs.fit_model_tab.InputDataInfo

	Bases: object


	
build_input_data()

	








	
class mdt.gui.model_fit.tabs.fit_model_tab.OptimOptions

	Bases: object

Storage class for communication between the options dialog and the main frame


	
optim_routines = {'Levenberg Marquardt': 'Levenberg-Marquardt', 'Nelder-Mead Simplex': 'Nelder-Mead', "Powell's method": 'Powell'}

	








	
class mdt.gui.model_fit.tabs.fit_model_tab.OptimizationOptionsDialog(shared_state, parent, config)

	Bases: mdt.gui.model_fit.design.ui_optimization_options_dialog.Ui_OptimizationOptionsDialog, MockClass


	
write_config()

	Write to the config the user selected options










	
class mdt.gui.model_fit.tabs.fit_model_tab.RunModelWorker

	Bases: MockClass


	
finished = <MockNamedComponent name='mock()' id='140206764814176'>

	




	
run()

	




	
set_args(*args, **kwargs)

	




	
starting = <MockNamedComponent name='mock()' id='140206764814176'>

	








	
mdt.gui.model_fit.tabs.fit_model_tab.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.model_fit.tabs.generate_brain_mask_tab module


	
class mdt.gui.model_fit.tabs.generate_brain_mask_tab.GenerateBrainMaskTab(shared_state, computations_thread)

	Bases: mdt.gui.utils.MainTab, mdt.gui.model_fit.design.ui_generate_brain_mask_tab.Ui_GenerateBrainMaskTabContent, MockClass


	
generate_mask()

	




	
setupUi(tab_content)

	




	
view_mask()

	








	
class mdt.gui.model_fit.tabs.generate_brain_mask_tab.GenerateMaskWorker

	Bases: MockClass


	
finished = <MockNamedComponent name='mock()' id='140206764871464'>

	




	
run()

	




	
set_args(*args, **kwargs)

	




	
starting = <MockNamedComponent name='mock()' id='140206764871464'>

	








	
mdt.gui.model_fit.tabs.generate_brain_mask_tab.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.model_fit.tabs.generate_protocol_tab module


	
class mdt.gui.model_fit.tabs.generate_protocol_tab.GenerateProtocolTab(shared_state, computations_thread)

	Bases: mdt.gui.utils.MainTab, mdt.gui.model_fit.design.ui_generate_protocol_tab.Ui_GenerateProtocolTabContent, MockClass


	
load_protocol(file_name)

	




	
setupUi(tab_content)

	




	
show_header_context_menu(position)

	








	
class mdt.gui.model_fit.tabs.generate_protocol_tab.LoadColumnDialog(shared_state, parent)

	Bases: mdt.gui.model_fit.design.ui_generate_protocol_update_dialog.Ui_UpdateColumnDialog, MockClass


	
enable_correct_inputs(selection)

	




	
update_protocol(protocol)

	








	
class mdt.gui.model_fit.tabs.generate_protocol_tab.LoadGBDialog(shared_state, parent)

	Bases: mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog.Ui_LoadGBDialog, MockClass


	
get_protocol()

	








	
mdt.gui.model_fit.tabs.generate_protocol_tab.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.model_fit.tabs.generate_roi_mask_tab module


	
class mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskTab(shared_state, computations_thread)

	Bases: mdt.gui.utils.MainTab, mdt.gui.model_fit.design.ui_generate_roi_mask_tab.Ui_GenerateROIMaskTabContent, MockClass


	
generate_roi_mask()

	




	
mask_file_changed()

	




	
setupUi(tab_content)

	




	
update_dimension(value)

	




	
update_output_file_text()

	




	
update_slice_index(value)

	




	
update_slice_selector()

	




	
view_mask()

	








	
class mdt.gui.model_fit.tabs.generate_roi_mask_tab.GenerateROIMaskWorker

	Bases: MockClass


	
finished = <MockNamedComponent name='mock()' id='140206765424312'>

	




	
run()

	




	
set_args(*args, **kwargs)

	




	
starting = <MockNamedComponent name='mock()' id='140206765424312'>

	








	
mdt.gui.model_fit.tabs.generate_roi_mask_tab.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator
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mdt.gui.model_fit package


Subpackages



	mdt.gui.model_fit.design package
	Submodules

	mdt.gui.model_fit.design.main_gui_rc module

	mdt.gui.model_fit.design.ui_about_dialog module

	mdt.gui.model_fit.design.ui_dialog_get_example_data module

	mdt.gui.model_fit.design.ui_fit_model_tab module

	mdt.gui.model_fit.design.ui_generate_brain_mask_tab module

	mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog module

	mdt.gui.model_fit.design.ui_generate_protocol_tab module

	mdt.gui.model_fit.design.ui_generate_protocol_update_dialog module

	mdt.gui.model_fit.design.ui_generate_roi_mask_tab module

	mdt.gui.model_fit.design.ui_main_gui module

	mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog module

	mdt.gui.model_fit.design.ui_optimization_extra_data_dialog module

	mdt.gui.model_fit.design.ui_optimization_options_dialog module

	mdt.gui.model_fit.design.ui_runtime_settings_dialog module

	Module contents





	mdt.gui.model_fit.tabs package
	Submodules

	mdt.gui.model_fit.tabs.fit_model_tab module

	mdt.gui.model_fit.tabs.generate_brain_mask_tab module

	mdt.gui.model_fit.tabs.generate_protocol_tab module

	mdt.gui.model_fit.tabs.generate_roi_mask_tab module

	Module contents












Submodules




mdt.gui.model_fit.qt_main module


	
class mdt.gui.model_fit.qt_main.AboutDialog(parent)

	Bases: mdt.gui.model_fit.design.ui_about_dialog.Ui_AboutDialog, MockClass






	
class mdt.gui.model_fit.qt_main.GetExampleDataDialog(parent, shared_state)

	Bases: mdt.gui.model_fit.design.ui_dialog_get_example_data.Ui_GetExampleDataDialog, MockClass






	
class mdt.gui.model_fit.qt_main.MDTGUISingleModel(shared_state, computations_thread)

	Bases: MockClass, mdt.gui.model_fit.design.ui_main_gui.Ui_MainWindow


	
closeEvent(event)

	




	
computations_finished()

	




	
computations_started()

	




	
send_sigint(*args)

	




	
update_log(string)

	








	
class mdt.gui.model_fit.qt_main.RuntimeSettingsDialog(parent)

	Bases: mdt.gui.model_fit.design.ui_runtime_settings_dialog.Ui_RuntimeSettingsDialog, MockClass


	
selection_updated()

	








	
mdt.gui.model_fit.qt_main.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator






	
mdt.gui.model_fit.qt_main.start_gui(base_dir=None, app_exec=True)

	Start the model fitting GUI.


	Parameters

	
	base_dir (str) – the starting directory for the file opening actions


	app_exec (boolean) – if true we execute the Qt application, set to false to disable.















mdt.gui.model_fit.utils module


	
class mdt.gui.model_fit.utils.SharedState(*args, **kwargs)

	Bases: MockClass

The shared state for the model fitting GUI


	
base_dir

	the base dir for all file opening operations


	Type

	str










	
dimension_index

	the dimension index used in various operations


	Type

	int










	
slice_index

	the slice index used in various operations


	Type

	int










	
state_updated_signal = <MockNamedComponent name='mock()' id='140206763942744'>

	








	
mdt.gui.model_fit.utils.results_preselection_names(data)

	Generate a list of useful map names to display.

This is primarily to be used as argument to the config option maps_to_show in the function view_maps().


	Parameters

	data (str or dict or list of str) – either a directory or a dictionary of results or a list of map names.



	Returns

	the list of useful/filtered map names.



	Return type

	list of str
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mdt.gui.widgets.design package


Submodules




mdt.gui.widgets.design.ui_scientific_number_scroller_widget module


	
class mdt.gui.widgets.design.ui_scientific_number_scroller_widget.Ui_ScientificScroller

	Bases: object


	
retranslateUi(ScientificScroller)

	




	
setupUi(ScientificScroller)
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mdt.gui.widgets package


Subpackages



	mdt.gui.widgets.design package
	Submodules

	mdt.gui.widgets.design.ui_scientific_number_scroller_widget module

	Module contents












Submodules




mdt.gui.widgets.composite_widgets module


	
class mdt.gui.widgets.composite_widgets.ScientificNumberScroller(parent)

	Bases: mdt.gui.widgets.design.ui_scientific_number_scroller_widget.Ui_ScientificScroller, MockClass


	
blockSignals(block)

	




	
setValue(value)

	




	
set_update_delay(update_delay)

	




	
valueChanged = <MockNamedComponent name='mock()' id='140206766185048'>

	








	
mdt.gui.widgets.composite_widgets.pyqtSlot(*args, **kwargs)

	Mocked decorator, needed in the case we need to mock a decorator








mdt.gui.widgets.decorator_widgets module
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mdt.gui package


Subpackages



	mdt.gui.maps_visualizer package
	Subpackages
	mdt.gui.maps_visualizer.config_tabs package
	Submodules

	mdt.gui.maps_visualizer.config_tabs.tab_general module

	mdt.gui.maps_visualizer.config_tabs.tab_map_specific module

	mdt.gui.maps_visualizer.config_tabs.tab_textual module

	Module contents





	mdt.gui.maps_visualizer.design package
	Submodules

	mdt.gui.maps_visualizer.design.main_rc module

	mdt.gui.maps_visualizer.design.ui_MainWindow module

	mdt.gui.maps_visualizer.design.ui_MapSpecificOptions module

	mdt.gui.maps_visualizer.design.ui_TabGeneral module

	mdt.gui.maps_visualizer.design.ui_TabMapSpecific module

	mdt.gui.maps_visualizer.design.ui_TabTextual module

	mdt.gui.maps_visualizer.design.ui_save_image_dialog module

	Module contents





	mdt.gui.maps_visualizer.renderers package
	Submodules

	mdt.gui.maps_visualizer.renderers.base module

	mdt.gui.maps_visualizer.renderers.matplotlib_renderer module

	Module contents









	Submodules

	mdt.gui.maps_visualizer.actions module

	mdt.gui.maps_visualizer.base module

	mdt.gui.maps_visualizer.main module

	mdt.gui.maps_visualizer.widgets module

	Module contents





	mdt.gui.model_fit package
	Subpackages
	mdt.gui.model_fit.design package
	Submodules

	mdt.gui.model_fit.design.main_gui_rc module

	mdt.gui.model_fit.design.ui_about_dialog module

	mdt.gui.model_fit.design.ui_dialog_get_example_data module

	mdt.gui.model_fit.design.ui_fit_model_tab module

	mdt.gui.model_fit.design.ui_generate_brain_mask_tab module

	mdt.gui.model_fit.design.ui_generate_protocol_load_gb_dialog module

	mdt.gui.model_fit.design.ui_generate_protocol_tab module

	mdt.gui.model_fit.design.ui_generate_protocol_update_dialog module

	mdt.gui.model_fit.design.ui_generate_roi_mask_tab module

	mdt.gui.model_fit.design.ui_main_gui module

	mdt.gui.model_fit.design.ui_optimization_extra_data_add_protocol_map_dialog module

	mdt.gui.model_fit.design.ui_optimization_extra_data_dialog module

	mdt.gui.model_fit.design.ui_optimization_options_dialog module

	mdt.gui.model_fit.design.ui_runtime_settings_dialog module

	Module contents





	mdt.gui.model_fit.tabs package
	Submodules

	mdt.gui.model_fit.tabs.fit_model_tab module

	mdt.gui.model_fit.tabs.generate_brain_mask_tab module

	mdt.gui.model_fit.tabs.generate_protocol_tab module

	mdt.gui.model_fit.tabs.generate_roi_mask_tab module

	Module contents









	Submodules

	mdt.gui.model_fit.qt_main module

	mdt.gui.model_fit.utils module

	Module contents





	mdt.gui.widgets package
	Subpackages
	mdt.gui.widgets.design package
	Submodules

	mdt.gui.widgets.design.ui_scientific_number_scroller_widget module

	Module contents









	Submodules

	mdt.gui.widgets.composite_widgets module

	mdt.gui.widgets.decorator_widgets module

	Module contents












Submodules




mdt.gui.utils module


	
class mdt.gui.utils.ForwardingListener(queue)

	Bases: mdt.lib.log_handlers.LogListenerInterface

Forwards all incoming messages to the given _logging_update_queue.

Instances of this class can be used as a log listener to the MDT LogDispatchHandler and as a
sys.stdout replacement.


	Parameters

	queue (Queue) – the _logging_update_queue to forward the messages to






	
emit(record, formatted_message)

	




	
write(string)

	








	
class mdt.gui.utils.MainTab

	Bases: object


	
tab_opened()

	Called when this tab is selected by the user.










	
class mdt.gui.utils.MessageReceiver(queue, *args, **kwargs)

	Bases: MockClass

A QObject (to be run in a QThread) which sits waiting for data to come through a Queue.Queue().

It blocks until data is available, and one it has got something from the _logging_update_queue, it sends
it to the “MainThread” by emitting a Qt Signal.


	
is_running

	set to False to stop the receiver.


	Type

	boolean










	
finished = <MockNamedComponent name='mock()' id='140206765993936'>

	




	
run()

	




	
text_message_signal = <MockNamedComponent name='mock()' id='140206765993936'>

	








	
class mdt.gui.utils.QtManager

	Bases: object


	
static add_window(window)

	




	
static empty_windows_list()

	




	
static exec_()

	




	
static get_qt_application_instance()

	




	
windows = []

	








	
class mdt.gui.utils.UpdateDescriptor(attribute_name)

	Bases: object

Descriptor that will emit a state_updated_signal at each update.

This accesses from the instance the attribute name prepended with an underscore (_).






	
mdt.gui.utils.blocked_signals(*widgets)

	Small context in which the signals of the given widget are blocked.


	Parameters

	widgets (QWidget) – one or more widgets










	
mdt.gui.utils.center_window(window)

	Center the given window on the screen.


	Parameters

	
	q_app (QApplication) – for desktop information


	window (QMainWindow) – the window to center













	
mdt.gui.utils.enable_pyqt_exception_hook()

	Enable the PyQt exception handling hook for PyQt versions larger than 5.5.

If this is not enabled, exceptions will be handled silently and will not be printed to the user. This
makes it harder to solve the issue.






	
mdt.gui.utils.function_message_decorator(header, footer)

	This creates and returns a decorator that prints a header and footer before executing the function.


	Parameters

	
	header (str) – the header text, we will add extra decoration to it


	footer (str) – the footer text, we will add extra decoration to it






	Returns

	decorator function










	
mdt.gui.utils.get_script_file_header_text(info_fields=None)

	Get the header file text to use when outputting script files matching GUI actions.


	Parameters

	info_fields (dict) – fields holding information. Common fields are ‘Purpose’ and ‘Example usage’.
These fields are appended to the header text.



	Returns

	the header (comment) text for the automatically generated script.



	Return type

	str










	
mdt.gui.utils.print_welcome_message()

	Prints a small welcome message for after the GUI has loaded.

This prints to stdout. We expect the GUI to catch the stdout events and redirect them to the GUI.






	
mdt.gui.utils.split_long_path_elements(original_path, max_single_element_length=25)

	Split long path elements into smaller ones using spaces


	Parameters

	
	original_path (str) – the path you want to split


	max_single_element_length (int) – the maximum length allowed per path component (folders and filename).






	Returns

	the same path but with spaces in long path elements. The result will no longer be a valid path.



	Return type

	str
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mdt.lib.file_conversions package


Submodules




mdt.lib.file_conversions.npy module


	
mdt.lib.file_conversions.npy.load_all_npy_files(directory)

	Load all the npy files in the given directory.


	Parameters

	directory (str) – the directory to load the npy files in



	Returns

	
	the loaded npy files with as keys the filename (without the .npy extension) and as value the

	memory mapped array









	Return type

	dict










	
mdt.lib.file_conversions.npy.samples_npy_to_nifti(samples_npy_fname, used_mask, nifti_header, nifti_fname=None)

	Convert a npy file containing sample results to a nifti file.

Since the sample npy files are stored as a two dimensional matrix (with on the first axis the ROI index number
and on the second the samples), we need to have the lookup table for the spatial information about the samples.


	Parameters

	
	samples_npy_fname (str) – the filename of the samples file to convert


	used_mask (ndarray or str) – either an three dimensional matrix with the mask or a path to a nifti file.


	nifti_header (nibabel header) – the header to use for writing the nifti file


	nifti_fname (str) – the filename of the nifti file. If not given it defaults to the same directory as the
samples file.













	
mdt.lib.file_conversions.npy.volume_map_npy_to_nifti(npy_fname, nifti_header, nifti_fname=None)

	Convert a volume-map npy file to a nifti file.


	Parameters

	
	npy_fname (str) – the filename of the npy file to load


	nifti_header (nibabel header) – the header file for the nifti


	nifti_fname (str) – the filename of the nifti file. If not given it defaults to the same directory as the
npy file.
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mdt.lib package


Subpackages



	mdt.lib.file_conversions package
	Submodules

	mdt.lib.file_conversions.npy module

	Module contents












Submodules




mdt.lib.batch_utils module

Routines for fitting models on multiple subjects.

The most important part of this are the batch profiles. These encapsulate information about the subjects
and about the modelling settings. Suppose you have a directory full of subjects that you want to analyze with a
few models. One way to do that is to write some scripts yourself that walk through the directory and fit
the models to the subjects. The other way would be to implement a BatchProfile that contains details
about your directory structure and let mdt.batch_fit() fetch all the subjects for you.

Batch profiles contain a list with subject information (see SubjectInfo) and a list of models
we wish to apply to these subjects. Furthermore each profile should support some functionality that checks
if this profile is suitable for a given directory. Using those functions the mdt.batch_fit() can try
to auto-recognize the batch profile to use based on the profile that is suitable and returns the most subjects.


	
class mdt.lib.batch_utils.AllSubjects

	Bases: mdt.lib.batch_utils.BatchSubjectSelection

Selects all subjects for use in the processing


	
get_selection(subject_ids)

	Get the selection of subjects from the given list of subjects.


	Parameters

	subject_ids (list of str) – the list of subject ids from which we can choose which one to process



	Returns

	the subject ids we want to use



	Return type

	list of str










	
get_subjects(subjects)

	
	Parameters

	subjects (list of SubjectInfo) – the subjects loaded from the batch profile



	Returns

	the (sub)set of subjects we will actually use during the computations



	Return type

	list of SubjectInfo














	
class mdt.lib.batch_utils.BatchFitProtocolLoader(base_dir, protocol_fname=None, protocol_columns=None, bvec_fname=None, bval_fname=None)

	Bases: object

A simple protocol loader for loading a protocol from a protocol file or bvec/bval files.

This either loads the protocol file if present, or autoloads the protocol using the auto_load_protocol
from the protocol module.


	
get_protocol()

	








	
class mdt.lib.batch_utils.BatchFitSubjectOutputInfo(output_path, subject_id, model_name)

	Bases: object

This class is used in conjunction with the function run_function_on_batch_fit_output().


	Parameters

	
	output_path (str) – the full path to the directory with the maps


	subject_id (str) – the id of the current subject


	model_name (str) – the name of the model (not a path)













	
class mdt.lib.batch_utils.BatchProfile

	Bases: object


	
get_subjects(data_folder)

	Get the information about all the subjects in the current folder.


	Parameters

	data_folder (str) – the data folder from which to load the subjects



	Returns

	the information about the found subjects



	Return type

	list of SubjectInfo










	
is_suitable(data_folder)

	Check if this directory can be used to use subjects from using this batch fitting profile.

This is used for auto detecting the best batch fitting profile to use for loading
subjects from the given base dir.


	Parameters

	data_folder (str) – the data folder from which to load the subjects



	Returns

	
	true if this batch fitting profile can use the subjects in the current base directory,

	false otherwise.









	Return type

	boolean














	
class mdt.lib.batch_utils.BatchSubjectSelection

	Bases: object


	
get_selection(subject_ids)

	Get the selection of subjects from the given list of subjects.


	Parameters

	subject_ids (list of str) – the list of subject ids from which we can choose which one to process



	Returns

	the subject ids we want to use



	Return type

	list of str










	
get_subjects(subjects)

	
	Parameters

	subjects (list of SubjectInfo) – the subjects loaded from the batch profile



	Returns

	the (sub)set of subjects we will actually use during the computations



	Return type

	list of SubjectInfo














	
class mdt.lib.batch_utils.SelectedSubjects(subject_ids=None, indices=None)

	Bases: mdt.lib.batch_utils.BatchSubjectSelection

Only process the selected subjects.

This method allows either a selection by index (unsafe for the order may change) or by subject name/ID (more
safe in general). If start_from is given it additionally limits the list of selected subjects to include
only those after that index.

This essentially creates three different subsets of the given list of subjects and it will only process
the subjects in the intersection of all those sets.

Set any one of the options to None to ignore that option.


	Parameters

	
	subject_ids (str or Iterable[str]) – the list of names of subjects to process


	indices (int or Iterable[int]) – the list of indices of subjects we wish to process









	
get_selection(subject_ids)

	Get the selection of subjects from the given list of subjects.


	Parameters

	subject_ids (list of str) – the list of subject ids from which we can choose which one to process



	Returns

	the subject ids we want to use



	Return type

	list of str










	
get_subjects(subjects)

	
	Parameters

	subjects (list of SubjectInfo) – the subjects loaded from the batch profile



	Returns

	the (sub)set of subjects we will actually use during the computations



	Return type

	list of SubjectInfo














	
class mdt.lib.batch_utils.SimpleBatchProfile(*args, **kwargs)

	Bases: mdt.lib.batch_utils.BatchProfile

A base class for quickly implementing a batch profile.

Implementing classes need only implement the method _get_subjects(), then this class will handle the rest.


	Parameters

	base_directory (str) – the base directory from which we will load the subjects information






	
get_subjects(data_folder)

	Get the information about all the subjects in the current folder.


	Parameters

	data_folder (str) – the data folder from which to load the subjects



	Returns

	the information about the found subjects



	Return type

	list of SubjectInfo










	
is_suitable(data_folder)

	Check if this directory can be used to use subjects from using this batch fitting profile.

This is used for auto detecting the best batch fitting profile to use for loading
subjects from the given base dir.


	Parameters

	data_folder (str) – the data folder from which to load the subjects



	Returns

	
	true if this batch fitting profile can use the subjects in the current base directory,

	false otherwise.









	Return type

	boolean














	
class mdt.lib.batch_utils.SimpleSubjectInfo(data_folder, subject_base_folder, subject_id, dwi_fname, protocol_loader, mask_fname, gradient_deviations=None, noise_std=None)

	Bases: mdt.lib.batch_utils.SubjectInfo

This class contains all the information about found subjects during batch fitting.

It is returned by the method get_subjects() from the class BatchProfile.


	Parameters

	
	data_folder (str) – the data folder used by the batch profile


	subject_base_folder (str) – the base folder of this subject


	subject_id (str) – the subject id


	dwi_fname (str) – the filename with path to the dwi image


	protocol_loader (ProtocolLoader) – the protocol loader that can use us the protocol


	mask_fname (str) – the filename of the mask to use. If None a mask is auto generated.


	gradient_deviations (str) – 


	noise_std (float, ndarray, str) – either None for automatic noise detection or a float with the noise STD
to use during fitting or an ndarray with one value per voxel.









	
data_folder

	The data folder in which this subject was found.


	Returns

	the data folder used by the batch profile when loading this subject.



	Return type

	str










	
get_input_data(use_gradient_deviations=False)

	Get the input data for this subject.

This is the data we will use during model fitting.


	Parameters

	use_gradient_deviations (boolean) – if we should enable the use of the gradient deviations



	Returns

	the input data to use during model fitting



	Return type

	MRIInputData










	
subject_base_folder

	Get the data base folder of this subject.


	Returns

	the folder with the main data of this subject, this subject’s home folder.



	Return type

	str










	
subject_id

	Get the ID of this subject.


	Returns

	the id of this subject



	Return type

	str














	
class mdt.lib.batch_utils.SubjectInfo

	Bases: object


	
data_folder

	The data folder in which this subject was found.


	Returns

	the data folder used by the batch profile when loading this subject.



	Return type

	str










	
get_input_data(use_gradient_deviations=False)

	Get the input data for this subject.

This is the data we will use during model fitting.


	Parameters

	use_gradient_deviations (boolean) – if we should enable the use of the gradient deviations



	Returns

	the input data to use during model fitting



	Return type

	MRIInputData










	
subject_base_folder

	Get the data base folder of this subject.


	Returns

	the folder with the main data of this subject, this subject’s home folder.



	Return type

	str










	
subject_id

	Get the ID of this subject.


	Returns

	the id of this subject



	Return type

	str














	
mdt.lib.batch_utils.batch_apply(data_folder, func, batch_profile=None, subjects_selection=None, extra_args=None)

	Apply a function on the subjects found in the batch profile.


	Parameters

	
	func (callable) – the function we will apply for every subject, should accept as single argument an instance of
SubjectInfo.


	data_folder (str) – The data folder to process


	batch_profile (BatchProfile or str) – the batch profile to use,
or the name of a batch profile to use. If not given it is auto detected.


	subjects_selection (BatchSubjectSelection or Iterable[Union[str, int]]) – the
subjects to use for processing. If None, all subjects are processed. If a list is given instead of a
BatchSubjectSelection instance, we apply the following. If the elements in that
list are string we use it as subject ids, if they are integers we use it as subject indices.


	extra_args (list) – a list of additional arguments that are passed to the function. If this is set,
the callback function must accept these additional args.






	Returns

	per subject id the output from the function



	Return type

	dict










	
mdt.lib.batch_utils.batch_profile_factory(batch_profile, base_directory)

	Wrapper function for getting a batch profile.


	Parameters

	
	batch_profile (None, string or BatchProfile) – indication of the batch profile to use.
If a string is given it is loaded from the users home folder. Else the best matching profile is returned.


	base_directory (str) – the data folder we want to use the batch profile on.






	Returns

	
	If the given batch profile is None we return the output from get_best_batch_profile().

	If batch profile is a string we use it from the batch profiles loader. Else we return the input.









	Return type

	BatchProfile










	
mdt.lib.batch_utils.get_best_batch_profile(data_folder)

	Get the batch profile that best matches the given directory.


	Parameters

	data_folder (str) – the directory for which to get the best batch profile.



	Returns

	the best matching batch profile.



	Return type

	BatchProfile










	
mdt.lib.batch_utils.get_subject_information(data_folder, subject_ids, batch_profile=None)

	Loads a batch profile and finds the subject with the given subject id.


	Parameters

	
	data_folder (str) – The data folder from which to load the subjects


	subject_ids (str or list of str) – the subject we would like to retrieve, or a list of subject ids.


	batch_profile (BatchProfile or str) – the batch profile to use,
or the name of a batch profile to use. If not given it is auto detected.






	Returns

	
	the subject info or list of

	subject info’s of the requested subjects.









	Return type

	Optional[mdt.lib.batch_utils.SubjectInfo, List[mdt.lib.batch_utils.SubjectInfo]]



	Raises

	ValueError – if one of the subjects could not be found.










	
mdt.lib.batch_utils.get_subject_selection(subjects_selection)

	Load a subject selection object from the polymorphic input.


	Parameters

	subjects_selection (BatchSubjectSelection or iterable) – the subjects to             use for processing. If None, all subjects are processed. If a list is given instead of a
BatchSubjectSelection instance, we apply the following. If the elements in that
list are string we use it as subject ids, if they are integers we use it as subject indices.



	Returns

	a subject selection object.



	Return type

	mdt.lib.batch_utils.BatchSubjectSelection



	Raises

	ValueError – if a list is given with mixed strings and integers.










	
mdt.lib.batch_utils.run_function_on_batch_fit_output(func, output_folder, subjects_selection=None, model_names=None)

	Run a function on the output of a batch fitting routine.

This enables you to run a function on every model output from every subject. This expects the output directory
to contain directories and files like <subject_id>/<model_name>/<map_name>.nii.gz


	Parameters

	
	func (Callable[[BatchFitSubjectOutputInfo], any]) – the python function we should call for every map and model.
This should accept as single parameter a BatchFitSubjectOutputInfo.


	output_folder (str) – The data input folder


	subjects_selection (BatchSubjectSelection or iterable) – the subjects to use for processing.
If None all subjects are processed.


	model_names (list) – the list of model names to process. If not given we will run the function on all
models.






	Returns

	indexed by subject->model_name, values are the return values of the users function



	Return type

	dict












mdt.lib.components module


	
mdt.lib.components.add_component(component_type, name, cls, meta_info=None)

	Adds a component class to the library.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component


	component_class (class) – the class or constructor function for the component


	meta_info (dict) – a dictionary with meta information about the component













	
mdt.lib.components.add_template_component(template)

	Adds a component template to the library.


	Parameters

	template (mdt.component_templates.base.ComponentTemplateMeta) – the template for constructing the component
class.










	
mdt.lib.components.get_batch_profile(batch_profile)

	Load the class of one of the available batch profiles


	Parameters

	batch_profile (str) – The name of the batch profile class to load



	Returns

	the batch profile class



	Return type

	cls










	
mdt.lib.components.get_component(component_type, name)

	Get the component class for the component of the given type and name.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component






	Returns

	the component class.



	Return type

	class










	
mdt.lib.components.get_component_list(component_type)

	Get a list of available components by component type.


	Parameters

	component_type (str) – the type of the component, see supported_component_types.



	Returns

	list of available components



	Return type

	list of str










	
mdt.lib.components.get_meta_info(component_type, name)

	Get the meta information dictionary for the component of the given type and name.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component






	Returns

	the meta information



	Return type

	dict










	
mdt.lib.components.get_model(model_name)

	Load the class of one of the available models.


	Parameters

	model_name (str) – One of the models from the composite models



	Returns

	A composite model.



	Return type

	class










	
mdt.lib.components.get_template(component_type, name)

	Get the template class for the given component.

This may not be supported for all component types and components. That is, since components can either be
added as classes or as templates, we can not guarantee a template class for any requested component.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component






	Returns

	a template class if possible.



	Return type

	mdt.component_templates.base.ComponentTemplateMeta



	Raises

	ValueError – if no component of the given name could be found.










	
mdt.lib.components.has_component(component_type, name)

	Check if a component is available.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component






	Returns

	if we have a component available of the given type and given name.



	Return type

	boolean










	
mdt.lib.components.reload()

	Clear the component library and reload all default components.

This will load the components from the user home folder and from the MOT library.






	
mdt.lib.components.remove_last_entry(component_type, name)

	Removes the last entry of the given component.


	Parameters

	
	component_type (str) – the type of the component, see supported_component_types.


	name (str) – the name of the component













	
mdt.lib.components.temporary_component_updates()

	Creates a context that keeps track of the component mutations and undoes them when the context exits.

This can be useful to temporarily add or remove some components from the library.








mdt.lib.deferred_mappings module


	
class mdt.lib.deferred_mappings.DeferredActionDict(func, items, cache=True)

	Bases: collections.abc.MutableMapping

Applies the given function on the given items at the moment of data request.

On the moment one of the keys of this dict class is requested we apply the given function on the given items
and return the result of that function. The advantage of this class is that it defers an expensive operation
until it is needed.

Items added to this dictionary after creation are assumed to be final, that is, we won’t run the
function on them.


	Parameters

	
	func (Function) – the callback function to apply on the given items at request, with signature:

def callback(key, value)








	items (collections.MutableMapping) – the items on which we operate


	cache (boolean) – if we want to cache computed results













	
class mdt.lib.deferred_mappings.DeferredActionTuple(func, items, cache=True)

	Bases: collections.abc.Sequence

Applies the given function on the given items at moment of request.

On the moment one of the elements is requested we apply the given function on the given items
and return the result of that function. The advantage of this class is that it defers an expensive operation
until it is needed.


	Parameters

	
	func (Function) – the callback function to apply on the given items at request, with signature:

def callback(index, value)








	items (list, tuple) – the items on which we operate


	cache (boolean) – if we want to cache computed results













	
class mdt.lib.deferred_mappings.DeferredFunctionDict(items, cache=True)

	Bases: collections.abc.MutableMapping

The items should contain a list of functions that we apply at the moment of request.

On the moment one of the keys of this dict class is requested we apply the function stored in the items dict
for that key and return the result of that function.
The advantage of this class is that it defers an expensive operation until it is needed.

Items set to this dictionary are assumed to be final, that is, we won’t run the function on them.


	Parameters

	
	items (collections.MutableMapping) – the items on which we operate, each value should
contain a function with no parameters that we run to return the results.


	cache (boolean) – if we want to cache computed results















mdt.lib.exceptions module


	
exception mdt.lib.exceptions.DoubleModelNameException

	Bases: Exception

Thrown when there are two models with the same name.






	
exception mdt.lib.exceptions.InsufficientProtocolError

	Bases: Exception

Indicates that the protocol constains insufficient information for fitting a specific model.

This can be raised if a model misses a column it needs in the protocol, or if there are not enough shells, etc.






	
exception mdt.lib.exceptions.NoiseStdEstimationNotPossible

	Bases: Exception

An exception that can be raised by any ComplexNoiseStdEstimator.

This indicates that the noise std can not be estimated by the estimation routine.






	
exception mdt.lib.exceptions.NonUniqueComponent

	Bases: Exception

Raised when there are two components of the same type with the same name in the dynamically loadable components.

If this is raised, please double check your components for items with non-unique names.






	
exception mdt.lib.exceptions.ProtocolIOError

	Bases: Exception

Custom exception class for protocol input output errors.

This can be raised if a protocol is inconsistent or incomplete. It should not be raised for general IO errors,
use the IO exception for that.








mdt.lib.fsl_sampling_routine module




mdt.lib.log_handlers module

Implements multiple handles that hook into the Python logging module.

These handlers can for example echo the log entry to the terminal, write it to a file or dispatch it to another class.
They are typically configured in the MDT configuration file.


	
class mdt.lib.log_handlers.LogDispatchHandler(*args, **kwargs)

	Bases: logging.StreamHandler

This class is able to dispatch messages to all the attached log listeners.

You can add listeners by adding them to the list of listeners. This list is a class variable and as such is
available to all instances and subclasses.

The listeners should be of instance LogListenerInterface.

This enables for example the GUI to hook a log listener indirectly into the logging module.

In general only one copy of this class should be used.


	
static add_listener(listener)

	Add a listener to the dispatch handler.


	Parameters

	listener (LogListenerInterface) – listener that implements the log listener interface.



	Returns

	the listener id number. You can use this to remove the listener again.



	Return type

	int










	
emit(record)

	Emit a record.

If a formatter is specified, it is used to format the record.
The record is then written to the stream with a trailing newline.  If
exception information is present, it is formatted using
traceback.print_exception and appended to the stream.  If the stream
has an ‘encoding’ attribute, it is used to determine how to do the
output to the stream.






	
static remove_listener(listener_id)

	Remove a listener from the log dispatcher.


	Parameters

	listener_id (int) – the id of the listener to remove














	
class mdt.lib.log_handlers.LogListenerInterface

	Bases: object

Interface for listeners to work in conjunction with LogDispatchHandler


	
emit(record, formatted_message)

	








	
class mdt.lib.log_handlers.ModelOutputLogHandler(mode='a', encoding=None)

	Bases: logging.StreamHandler

This logger logs information about a model optimization to the folder of the model that is being optimized.

It is by default (see the MDT configuration) already constructed and added to the logging module. To set a new
file, or to disable this logger set the file using the output_file property.


	
close()

	Tidy up any resources used by the handler.

This version removes the handler from an internal map of handlers,
_handlers, which is used for handler lookup by name. Subclasses
should ensure that this gets called from overridden close()
methods.






	
emit(record)

	Emit a record.

If a formatter is specified, it is used to format the record.
The record is then written to the stream with a trailing newline.  If
exception information is present, it is formatted using
traceback.print_exception and appended to the stream.  If the stream
has an ‘encoding’ attribute, it is used to determine how to do the
output to the stream.






	
output_file

	








	
class mdt.lib.log_handlers.StdOutHandler(stream=None)

	Bases: logging.StreamHandler

A redirect for stdout.

Emits all log entries to the stdout.


	Parameters

	stream – the IO stream to which to emit the log entries. If not given we use sys.stdout.






	
emit(record)

	Emit a record.

If a formatter is specified, it is used to format the record.
The record is then written to the stream with a trailing newline.  If
exception information is present, it is formatted using
traceback.print_exception and appended to the stream.  If the stream
has an ‘encoding’ attribute, it is used to determine how to do the
output to the stream.












mdt.lib.masking module


	
mdt.lib.masking.create_median_otsu_brain_mask(dwi_info, protocol, mask_threshold=0, fill_holes=True, **kwargs)

	Create a brain mask using the given volume.


	Parameters

	
	dwi_info (string or tuple or image) – The information about the volume, either:


	the filename of the input file


	or a tuple with as first index a ndarray with the DWI and as second index the header


	or only the image as an ndarray







	protocol (string or Protocol) – The filename of the protocol file or a Protocol object


	mask_threshold (float) – everything below this b-value threshold is masked away (value in s/m^2)


	fill_holes (boolean) – if we will fill holes after the median otsu algorithm and before the thresholding


	**kwargs – the additional arguments for median_otsu.






	Returns

	The created brain mask



	Return type

	ndarray










	
mdt.lib.masking.create_write_median_otsu_brain_mask(dwi_info, protocol, output_fname, **kwargs)

	Write a brain mask using the given volume and output as the given volume.


	Parameters

	
	dwi_info (string or tuple or ndarray) – the filename of the input file or a tuple with as
first index a ndarray with the DWI and as second index the header or only the image.


	protocol (string or Protocol) – The filename of the protocol file or a Protocol object


	output_fname (string) – the filename of the output file (the extracted brain mask)
If None, no output is written. If dwi_info is an ndarray also no file is written
(we don’t have the header).






	Returns

	The created brain mask



	Return type

	ndarray










	
mdt.lib.masking.generate_simple_wm_mask(scalar_map, whole_brain_mask, threshold=0.3, median_radius=1, nmr_filter_passes=2)

	Generate a simple white matter mask by thresholding the given map and smoothing it using a median filter.

Everything below the given threshold will be masked (not used). It also applies the regular brain mask to
only retain values inside the brain.


	Parameters

	
	scalar_map (str or ndarray) – the path to the FA file


	whole_brain_mask (str or ndarray) – the general brain mask used in the FA model fitting


	threshold (double) – the FA threshold. Everything below this threshold is masked (set to 0). To be precise:
where fa_data < fa_threshold set the value to 0.


	median_radius (int) – the radius of the median filter


	nmr_filter_passes (int) – the number of passes we apply the median filter













	
mdt.lib.masking.median_otsu(unweighted_volume, median_radius=4, numpass=4, dilate=1)

	Simple brain extraction tool for dMRI data.

This function is inspired from the median_otsu function from dipy
and is copied here to remove a dependency.

It uses a median filter smoothing of the unweighted_volume
automatic histogram Otsu thresholding technique, hence the name
median_otsu.

This function is inspired from Mrtrix’s bet which has default values
median_radius=3, numpass=2. However, from tests on multiple 1.5T
and 3T data. From GE, Philips, Siemens, the most robust choice is
median_radius=4, numpass=4.


	Parameters

	
	unweighted_volume (ndarray) – ndarray of the unweighted volumes brain volumes


	median_radius (int) – Radius (in voxels) of the applied median filter (default 4)


	numpass (int) – Number of pass of the median filter (default 4)


	dilate (None or int) – optional number of iterations for binary dilation






	Returns

	a 3D ndarray with the binary brain mask



	Return type

	ndarray












mdt.lib.model_fitting module




mdt.lib.model_sampling module




mdt.lib.nifti module


	
class mdt.lib.nifti.NiftiInfo(header=None, filepath=None)

	Bases: object

A nifti information object to store meta data alongside an array.


	Parameters

	
	header – the nibabel nifti header


	filepath (str) – the on-disk filepath of the corresponding nifti file













	
class mdt.lib.nifti.NiftiInfoDecorated

	Bases: object

The additional type of an array after it has been subclassed by nifti_info_decorate_array().

This subclass can be used to check if an array has nifti info attached to it.


	
nifti_info

	Get the nifti information attached to the subclass.


	Returns

	the nifti information object



	Return type

	NiftiInfo














	
mdt.lib.nifti.get_all_nifti_data(directory, map_names=None, deferred=True)

	Get the data of all the nifti volumes in the given directory.

If map_names is given we will only load the given map names. Else, we load all .nii and .nii.gz files in the
given directory.


	Parameters

	
	directory (str) – the directory from which we want to read a number of maps


	map_names (list of str) – the names of the maps we want to use. If given, we only use and return these maps.


	deferred (boolean) – if True we return an deferred loading dictionary instead of a dictionary with the values
loaded as arrays.






	Returns

	
	A dictionary with the volumes. The keys of the dictionary are the filenames

	without the extension of the .nii(.gz) files in the given directory.









	Return type

	dict










	
mdt.lib.nifti.is_nifti_file(file_name)

	Check if the given file is a nifti file.

This only checks if the extension of the given file ends with .nii or with .nii.gz


	Parameters

	file_name (str) – the name of the file



	Returns

	true if the file looks like a nifti file, false otherwise



	Return type

	boolean










	
mdt.lib.nifti.load_all_niftis(directory, map_names=None)

	Loads all niftis in the given directory as nibabel nifti files.

This does not load the data directly, it loads the niftis in a dictionary. To get a direct handle to the image
data use the function get_all_nifti_data().

If map_names is given we will only load the given maps. Else, we will load all .nii and .nii.gz files.
The map name is the filename of a nifti without the extension.

In the case both an .nii and a .nii.gz with the same name exists we will load the .nii as the main map
and the .nii.gz with its extension.


	Parameters

	
	directory (str) – the directory from which we want to load the niftis


	map_names (list of str) – the names of the maps we want to use. If given, we only use and return these maps.






	Returns

	
	A dictionary with the loaded nibabel proxies (see load_nifti()).

	The keys of the dictionary are the filenames without the extension of the .nii(.gz) files
in the given directory.









	Return type

	dict










	
mdt.lib.nifti.load_nifti(nifti_volume)

	Load and return a nifti file.

This will apply path resolution if a filename without extension is given. See the function
nifti_filepath_resolution() for details.


	Parameters

	nifti_volume (string) – The filename of the volume to use.



	Returns

	nibabel.nifti2.Nifti2Image










	
mdt.lib.nifti.nifti_filepath_resolution(file_path)

	Tries to resolve the filename to a nifti based on only the filename.

For example, this resolves the path: /tmp/mask to:



	/tmp/mask if exists


	/tmp/mask.nii if exist


	/tmp/mask.nii.gz if exists







Hence, the lookup order is: path, path.nii, path.nii.gz

If a file with an extension is given we will do no further resolving and return the path as is.


	Parameters

	file_path (str) – the path to the nifti file, can be without extension.



	Returns

	the file path we resolved to the final file.



	Return type

	str



	Raises

	ValueError – if no nifti file could be found










	
mdt.lib.nifti.nifti_info_decorate_array(array, nifti_info=None)

	Decorate the provided numpy array with nifti information.

This can be used to ensure that an array is of additional subclass NiftiInfoDecorated.


	Parameters

	
	array (ndarray) – the numpy array to decoreate


	nifti_info (NiftiInfo) – the nifti info to attach to the array













	
mdt.lib.nifti.nifti_info_decorate_nibabel_image(nifti_obj)

	Decorate the nibabel image container such that the get_data method returns a NiftiInfoDecorated ndarray.


	Parameters

	nifti_obj – a nibabel nifti object










	
mdt.lib.nifti.unzip_nifti(input_filename, output_filename)

	Unzips the given nifti file.

This will create the output directories if they do not yet exist.


	Parameters

	
	input_filename (str) – the nifti file we would like to unzip. Should have the extension .gz.


	output_filename (str) – the location for the output file. Should have the extension .nii.






	Raises

	ValueError – if the extensions of either the input or output filename are not correct.










	
mdt.lib.nifti.write_all_as_nifti(volumes, directory, nifti_header=None, overwrite_volumes=True, gzip=True)

	Write a number of volume maps to the specific directory.


	Parameters

	
	volumes (dict) – the volume maps (in 3d) with the results we want to write.
The filenames are generated using the keys in the given volumes


	directory (str) – the directory to write to


	nifti_header – the nifti header to use for each of the volumes.


	overwrite_volumes (boolean) – defaults to True, if we want to overwrite the volumes if they exists


	gzip (boolean) – if True we write the files as .nii.gz, if False we write the files as .nii













	
mdt.lib.nifti.write_nifti(data, output_fname, header=None, affine=None, use_data_dtype=True, **kwargs)

	Write data to a nifti file.

This will write the output directory if it does not exist yet.


	Parameters

	
	data (ndarray) – the data to write to that nifti file


	output_fname (str) – the name of the resulting nifti file, this function will append .nii.gz if no
suitable extension is given.


	header (nibabel header) – the nibabel header to use as header for the nifti file. If None we will use
a default header.


	affine (ndarray) – the affine transformation matrix


	use_data_dtype (boolean) – if we want to use the dtype from the data instead of that from the header
when saving the nifti.


	**kwargs – other arguments to Nifti2Image from NiBabel













	
mdt.lib.nifti.yield_nifti_info(directory)

	Get information about the nifti volumes in the given directory.


	Parameters

	directory (str) – the directory to get the names of the available maps from



	Yields

	tuple – (path, map_name, extension) for every map found












mdt.lib.post_processing module

This module contains various standard post-processing routines for use after optimization or sample.


	
class mdt.lib.post_processing.DKIMeasures

	Bases: object


	
static extra_optimization_maps(parameters_dict)

	Calculate DKI statistics like the mean, axial and radial kurtosis.

The Mean Kurtosis (MK) is calculated by averaging the Kurtosis over orientations on the unit sphere.
The Axial Kurtosis (AK) is obtained using the principal direction of diffusion (fe; first eigenvec)
from the Tensor as its direction and then averaging the Kurtosis over +fe and -fe.
Finally, the Radial Kurtosis (RK) is calculated by averaging the Kurtosis over a circle of directions around
the first eigenvec.


	Parameters

	parameters_dict (dict) – the fitted Kurtosis parameters, this requires a dictionary with at least
the elements:
‘d’, ‘dperp0’, ‘dperp1’, ‘theta’, ‘phi’, ‘psi’, ‘W_0000’, ‘W_1000’, ‘W_1100’, ‘W_1110’,
‘W_1111’, ‘W_2000’, ‘W_2100’, ‘W_2110’, ‘W_2111’, ‘W_2200’, ‘W_2210’, ‘W_2211’,
‘W_2220’, ‘W_2221’, ‘W_2222’.



	Returns

	maps for the Mean Kurtosis (MK), Axial Kurtosis (AK) and Radial Kurtosis (RK).



	Return type

	dict














	
class mdt.lib.post_processing.DTIMeasures

	Bases: object


	
static extra_optimization_maps(results)

	Return some interesting measures like FA, MD, RD and AD.

This function is meant to be used as a post processing routine in Tensor-like compartment models.


	Parameters

	results (dict) – Dictionary containing at least theta, phi, psi, d, dperp0 and dperp1
We will use this to generate some standard measures from the diffusion Tensor.



	Returns

	
	as keys typical elements like ‘FA and ‘MD’ as interesting output and as per values the maps.

	These maps are per voxel, and optionally per instance per voxel









	Return type

	dict










	
static extra_sampling_maps(results)

	Return some interesting measures derived from the samples.

Please note that this function expects the result dictionary only with the parameter names, that is,
it expects the elements d, dperp0 and dperp1 to be present.


	Parameters

	(dict[str (results) – ndarray]): a dictionary containing the samples for each of the parameters.



	Returns

	a set of additional maps with one value per voxel.



	Return type

	dict










	
static fractional_anisotropy(d, dperp0, dperp1)

	Calculate the fractional anisotropy (FA).


	Returns

	the fractional anisotropy for each voxel.



	Return type

	ndarray










	
static fractional_anisotropy_std(d, dperp0, dperp1, d_std, dperp0_std, dperp1_std, covariances=None)

	Calculate the standard deviation of the fractional anisotropy (FA) using error propagation.


	Parameters

	
	d (ndarray) – an 1d array


	dperp0 (ndarray) – an 1d array


	dperp1 (ndarray) – an 1d array


	d_std (ndarray) – an 1d array


	dperp0_std (ndarray) – an 1d array


	dperp1_std (ndarray) – an 1d array


	covariances (dict) – optionally, a matrix holding the covariances. This expects the keys to be like:
‘<param_0>_to_<param_1>’. The order of the parameter names does not matter.






	Returns

	the standard deviation of the fraction anisotropy using error propagation of the diffusivities.



	Return type

	ndarray














	
class mdt.lib.post_processing.NODDIMeasures

	Bases: object


	
static noddi_bingham_extra_optimization_maps(results)

	Computes the ODI’s and Dispersion Anisotropic Index (DAI) for the NODDI Bingham model






	
static noddi_bingham_extra_sampling_maps(results)

	Computes the ODI’s and Dispersion Anisotropic Index (DAI) for the NODDI Bingham model.

This computes the indices per sample and takes the mean and std. over that.






	
static noddi_watson_extra_optimization_maps(results)

	Computes the NDI and ODI for the NODDI Watson model






	
static noddi_watson_extra_sampling_maps(results)

	Computes the NDI and ODI per sample and average over the derived values.










	
mdt.lib.post_processing.noddi_dti_maps(results)

	Compute NODDI-like statistics from Tensor/Kurtosis parameter fits.

This uses mdt.utils.compute_noddi_dti() for the computation, see there for more information.


	Parameters

	results (mdt.models.composite.ExtraOptimizationMapsInfo) – the results data, should contain at least:


	d (ndarray): principal diffusivity


	dperp0 (ndarray): primary perpendicular diffusion


	dperp1 (ndarray): primary perpendicular diffusion




And, if present, we also use these:


	FA (ndarray): if computed already, the Fractional Anisotropy of the given diffusivities


	MD (ndarray): if computed already, the Mean Diffusivity of the given diffusivities


	MK (ndarray): if computing for Kurtosis, the computed Mean Kurtosis. If not given, we assume unity.








	Returns

	maps for the the NODDI-DTI, NDI and ODI measures.



	Return type

	dict












mdt.lib.processing_strategies module




mdt.lib.shell_utils module


	
class mdt.lib.shell_utils.BasicShellApplication

	Bases: object


	
classmethod console_script()

	Method used to start the command when launched from a distutils console script.






	
get_documentation_arg_parser()

	Get the argument parser that can be used for writing the documentation


	Returns

	the argument parser



	Return type

	argparse.ArgumentParser










	
run(args, extra_args)

	Run the application with the given arguments.


	Parameters

	
	extra_args – 


	args – the arguments from the argparser.













	
start(run_args=None)

	Starts a command and registers single handlers.


	Parameters

	run_args (list) – the list of run arguments. If None we use sys.argv[1:].














	
mdt.lib.shell_utils.get_argparse_extension_checker(choices, dir_allowed=False)

	Get an argparge.Action class that can check for correct extensions.


	Returns

	a class (not an instance) of an argparse action.



	Return type

	argparse.Action












mdt.lib.sorting module

This module contains some routines for sorting volumes and lists voxel-wise.

For example, in some applications it can be desired to sort volume fractions voxel-wise over an entire volume. This
module contains functions for creating sort index matrices (determining the sort order), sorting volumes and lists
and anti-sorting volumes (reversing the sort operation based on the sort index).


	
mdt.lib.sorting.create_2d_sort_matrix(input_volumes, reversed_sort=False)

	Create an index matrix that sorts the given input on the 2th dimension from small to large values.


	Parameters

	
	input_volumes (ndarray or list) – either a list with 1d matrices or a 2d volume to use directly.


	reversed_sort (boolean) – if True we reverse the sort and we sort from large to small.






	Returns

	a 2d matrix with on the 2th dimension the indices of the elements in sorted order.



	Return type

	ndarray










	
mdt.lib.sorting.create_4d_sort_matrix(input_volumes, reversed_sort=False)

	Create an index matrix that sorts the given input on the 4th dimension from small to large values (per element).


	Parameters

	
	input_volumes (ndarray or list) – either a list with 3d volumes (or 4d with a singleton on the fourth dimension),
or a 4d volume to use directly.


	reversed_sort (boolean) – if True we reverse the sort and we sort from large to small.






	Returns

	a 4d matrix with on the 4th dimension the indices of the elements in sorted order.



	Return type

	ndarray










	
mdt.lib.sorting.sort_orientations(data_input, weight_names, extra_sortable_maps)

	Sort the orientations of multi-direction models voxel-wise.

This expects as input 3d/4d volumes. Do not use this with 2d arrays.

This can be used to sort, for example, simulations of the BallStick_r3 model (with three Sticks).
There is no voxel-wise order over Sticks since for the model they are all equal compartments.
However, when using optimization or ARD with sample, there is order within the compartments since the ARD is
commonly placed on the second and third Sticks meaning these Sticks and there corresponding orientations are
compressed to zero if they are not supported. In that case, the Stick with the primary orientation of diffusion
has to be the first.

This method accepts as input results from (MDT) model fitting and is able to sort all the maps belonging to
a given set of equal compartments per voxel.

Example:

sort_orientations('./output/BallStick_r3',
                  ['w_stick0.w', 'w_stick1.w', 'w_stick2.w'],
                  [['Stick0.theta', 'Stick1.theta', 'Stick2.theta'],
                   ['Stick0.phi', 'Stick1.phi', 'Stick2.phi'], ...])






	Parameters

	
	data_input (str or dict) – either a directory or a dictionary containing the maps


	weight_names (iterable of str) – The names of the maps we use for sorting all other maps. These will be sorted
as well.


	extra_sortable_maps (iterable of iterable) – the list of additional maps to sort. Every element in the given
list should be another list with the names of the maps. The length of these second layer of lists should
match the length of the weight_names.






	Returns

	the sorted results in a new dictionary. This returns all input maps with some of them sorted.



	Return type

	dict










	
mdt.lib.sorting.sort_volumes_per_voxel(input_volumes, sort_matrix)

	Sort the given volumes per voxel using the sort index in the given matrix.

What this essentially does is to look per voxel from which map we should take the first value. Then we place that
value in the first volume and we repeat for the next value and finally for the next voxel.

If the length of the 4th dimension is > 1 we shift the 4th dimension to the 5th dimension and sort
the array as if the 4th dimension values where a single value. This is useful for sorting (eigen)vector matrices.


	Parameters

	
	input_volumes (list) – list of 4d ndarray


	sort_matrix (ndarray) – 4d ndarray with for every voxel the sort index






	Returns

	the same input volumes but then with every voxel sorted according to the given sort index.



	Return type

	list










	
mdt.lib.sorting.undo_sort_volumes_per_voxel(input_volumes, sort_matrix)

	Undo the voxel-wise sorting of volumes based on the original sort matrix.

This uses the original sort matrix to place the elements back into the original order. For example, suppose we had
data [a, b, c] with sort matrix [1, 2, 0] then the new results are [b, c, a]. This function will, given the
sort matrix [1, 2, 0] and results [b, c, a] return the original matrix [a, b, c].


	Parameters

	
	input_volumes (list) – list of 4d ndarray


	sort_matrix (ndarray) – 4d ndarray with for every voxel the sort index






	Returns

	the same input volumes but then with every voxel anti-sorted according to the given sort index.



	Return type

	list
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mdt.model_building.parameter_functions package


Submodules




mdt.model_building.parameter_functions.dependencies module


	
class mdt.model_building.parameter_functions.dependencies.AbstractParameterDependency

	Bases: object


	
assignment_code

	Get the assignment code (including a ;).


	Returns

	The assignment code.



	Return type

	str










	
pre_transform_code

	Some code that may be prefixed to this parameter dependency.

Here one can put more elaborate CL code. Please make sure that additional variables are unique.


	Returns

	The pre transformation code. This is prepended to the dependency function.



	Return type

	str














	
class mdt.model_building.parameter_functions.dependencies.SimpleAssignment(assignment_code)

	Bases: mdt.model_building.parameter_functions.dependencies.AbstractParameterDependency

Adds a simple parameter dependency rule for the given parameter.

This is for one parameter, a simple one-line transformation dependency.


	Parameters

	assignment_code (str) – the assignment code (in CL) for this parameter






	
assignment_code

	Get the assignment code (including a ;).


	Returns

	The assignment code.



	Return type

	str
















mdt.model_building.parameter_functions.numdiff_info module


	
class mdt.model_building.parameter_functions.numdiff_info.NumDiffInfo

	Bases: object

Encapsulates information necessary for numerical differentiation of a parameter.


	
max_step

	Get the maximum numerical differentiation step size for this parameter.


	Returns

	the maximum step size for the parameter



	Return type

	float










	
scaling_factor

	A scaling factor for the parameter to ensure that it’s magnitude is close to unitary.

This should return a value such that when a parameter is scaled with this value, the value is close to
unitary.


	Returns

	a scaling factor to use for the parameter



	Return type

	float










	
use_bounds

	If we should use the boundary conditions for this parameter when calculating a derivative.

This is typically set to True unless we are dealing with circular parameters.


	Returns

	
	if we need to use the lower and upper bounds (defined in the parameter) when calculating

	the derivatives for this model.









	Return type

	boolean














	
class mdt.model_building.parameter_functions.numdiff_info.SimpleNumDiffInfo(max_step=0.1, scale_factor=1, use_bounds=True, use_lower_bound=True, use_upper_bound=True)

	Bases: mdt.model_building.parameter_functions.numdiff_info.NumDiffInfo

A basic implementation of the numerical differentiation info for a parameter.


	Parameters

	
	max_step (float) – the numerical differentiation step size


	scale_factor (float) – a scaling factor to rescale the parameter a unitary range


	use_bounds (boolean) – if we need to use the boundary condition for this parameter


	use_lower_bound (boolean) – if we are using bounds, if we are using the lower bound


	use_upper_bound (boolean) – if we are using bounds, if we are using the upper bound









	
max_step

	Get the maximum numerical differentiation step size for this parameter.


	Returns

	the maximum step size for the parameter



	Return type

	float










	
scaling_factor

	A scaling factor for the parameter to ensure that it’s magnitude is close to unitary.

This should return a value such that when a parameter is scaled with this value, the value is close to
unitary.


	Returns

	a scaling factor to use for the parameter



	Return type

	float










	
use_bounds

	If we should use the boundary conditions for this parameter when calculating a derivative.

This is typically set to True unless we are dealing with circular parameters.


	Returns

	
	if we need to use the lower and upper bounds (defined in the parameter) when calculating

	the derivatives for this model.









	Return type

	boolean










	
use_lower_bound

	




	
use_upper_bound

	










mdt.model_building.parameter_functions.priors module


	
class mdt.model_building.parameter_functions.priors.ARDBeta

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

This is a collapsed form of the Beta PDF meant for use in Automatic Relevance Detection sampling.

In this prior the alpha parameter of the Beta prior is set to 1 which simplifies the equation.
The parameter beta is still free and can be changed as desired.

The implemented prior is:


\[B(x; 1, \beta) = \beta * (1 - x)^{\beta - 1}\]






	
class mdt.model_building.parameter_functions.priors.ARDGaussian

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

This is a Gaussian prior meant for use in Automatic Relevance Detection sampling.

This uses a Gaussian prior with mean at zero and a standard deviation determined by the alpha parameter
with the relationship \(\sigma = 1/\sqrt(\alpha)\).






	
class mdt.model_building.parameter_functions.priors.AbsSinHalfPrior

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

Angular prior: \(P(v) = |\sin(x)/2.0|\)






	
class mdt.model_building.parameter_functions.priors.AbsSinPrior

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

Angular prior: \(P(v) = |\sin(v)|\)






	
class mdt.model_building.parameter_functions.priors.AlwaysOne

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

The uniform prior is always 1. \(P(v) = 1\)






	
class mdt.model_building.parameter_functions.priors.AxialNormalPDF

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

The axial normal PDF is a Normal distribution wrapped around 0 and \(\pi\).

It’s PDF is given by:


\[f(\theta; a, b) = \frac{\cosh(a\sin \theta + b\cos \theta)}{\pi I_{0}(\sqrt{a^{2} + b^{2}})}\]

where in this implementation \(a\) and \(b\) are parameterized with the input variables
\(\mu\) and \(\sigma\) using:


\[\begin{split}\begin{align*}
\kappa &= \frac{1}{\sigma^{2}} \\
a &= \kappa * \sin \mu \\
b &= \kappa * \cos \mu
\end{align*}\end{split}\]

References

Barry C. Arnold, Ashis SenGupta (2006). Probability continuous_distributions and statistical inference for axial data.
Environmental and Ecological Statistics, volume 13, issue 3, pages 271-285.






	
class mdt.model_building.parameter_functions.priors.NormalPDF

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

Normal PDF on the given value: \(P(v) = N(v; \mu, \sigma)\)






	
class mdt.model_building.parameter_functions.priors.ParameterPrior(*args, **kw)

	Bases: MockClass

The priors are used during model sample, indicating the a priori information one has about a parameter.

These priors are not in log space, we take the log in the model builder.

The signature of prior parameters must be:


	
get_extra_parameters()

	Get the additional prior specific parameters.

Each prior has at least 3 parameters, the value, lower bound and upper bound, but it can have more parameters.


	Returns

	list of additional parameters



	Return type

	list














	
class mdt.model_building.parameter_functions.priors.ReciprocalPrior

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

The reciprocal of the current value. \(P(v) = 1/v\)






	
class mdt.model_building.parameter_functions.priors.SimpleParameterPrior(prior_name, prior_body, extra_params=None, dependencies=())

	Bases: mdt.model_building.parameter_functions.priors.ParameterPrior, MockClass

A prior template function.

This will prepend to the given extra parameters the obligatory parameters (value, lower_bound, upper_bound).


	Parameters

	
	prior_name (str) – the name of this prior function


	prior_body (str) – the body of the prior


	extra_params (list) – additional parameters for this prior


	dependencies (list or tuple) – the list of dependency functions









	
get_extra_parameters()

	Get the additional prior specific parameters.

Each prior has at least 3 parameters, the value, lower bound and upper bound, but it can have more parameters.


	Returns

	list of additional parameters



	Return type

	list














	
class mdt.model_building.parameter_functions.priors.UniformWithinBoundsPrior

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

This prior is 1 within the upper and lower bound of the parameter, 0 outside.






	
class mdt.model_building.parameter_functions.priors.VagueGammaPrior

	Bases: mdt.model_building.parameter_functions.priors.SimpleParameterPrior

The vague gamma prior is meant as a proper uniform prior.

Lee & Wagenmakers:


The practice of assigning Gamma(0.001, 0.001) priors on precision parameters is theoretically motivated by
scale invariance arguments, meaning that priors are chosen so that changing the measurement
scale of the data does not affect inference.
The invariant prior on precision lambda corresponds to a uniform distribution on log sigma,
that is, rho(sigma^2) prop. to. 1/sigma^2, or a Gamma(a -> 0, b -> 0) distribution.
This invariant prior distribution, however, is improper (i.e., the area under the curve is unbounded),
which means it is not really a distribution, but the limit of a sequence of continuous_distributions
(see Jaynes, 2003). WinBUGS requires the use of proper continuous_distributions,
and the Gamma(0.001, 0.001) prior is intended as a proper approximation to the theoretically
motivated improper prior. This raises the issue of whether inference is sensitive to the essentially
arbitrary value 0.001, and it is sometimes the case that using other small values such as 0.01 or 0.1
leads to more stable sample
in WinBUGS.

—Lee & Wagenmakers, Bayesian Cognitive Modeling, 2014, Chapter 4, Box 4.1




While this is not WinBUGS and improper priors are allowed in MOT, it is still useful to have this prior
in case people desire proper priors.








mdt.model_building.parameter_functions.transformations module


	
class mdt.model_building.parameter_functions.transformations.AbsModPiTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbsModXTransform






	
class mdt.model_building.parameter_functions.transformations.AbsModTwoPiTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbsModXTransform






	
class mdt.model_building.parameter_functions.transformations.AbsModXTransform(x_cl, x_python)

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

Create an transformation that returns the absolute modulo x value of the input.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.AbstractTransformation

	Bases: object

The transformations define the encode and decode operations needed to build a codec.

These objects define the transformation to and from model and optimization space.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.AssignmentConstructor

	Bases: object


	
create_assignment(parameter_variable, lower_bound, upper_bound)

	Create the assignment string.


	Parameters

	
	parameter_variable (str) – the name of the parameter variable holding the current value in the kernel


	lower_bound (str) – the value or the name of the variable holding the value for the lower bound


	upper_bound (str) – the value or the name of the variable holding the value for the upper bound






	Returns

	the transformation assignment



	Return type

	str














	
class mdt.model_building.parameter_functions.transformations.ClampTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

The clamp transformation limits the parameter between its lower and upper bound using the clamp function.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.CosSqrClampTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

The clamp transformation limits the parameter between its lower and upper bound using a cos(sqr()) transform.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.FormatAssignmentConstructor(assignment)

	Bases: mdt.model_building.parameter_functions.transformations.AssignmentConstructor

Assignment constructor that formats the given assignment template.

This expects that the assignment string has elements like:


	{parameter_variable}: for the parameter variable


	{lower_bound}: for the lower bound


	{upper_bound}: for the upper bound





	Parameters

	assignment (str) – the string containing the assignment template.






	
create_assignment(parameter_variable, lower_bound, upper_bound)

	Create the assignment string.


	Parameters

	
	parameter_variable (str) – the name of the parameter variable holding the current value in the kernel


	lower_bound (str) – the value or the name of the variable holding the value for the lower bound


	upper_bound (str) – the value or the name of the variable holding the value for the upper bound






	Returns

	the transformation assignment



	Return type

	str














	
class mdt.model_building.parameter_functions.transformations.IdentityTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

The identity transform does no transformation and returns the input given.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.PositivityTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

Restrain the parameter to the positive values, i.e. returns max(x, 0).


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.ScaleClampTransform(scale)

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

Clamps the value to the given bounds and applies a scaling to bring the parameters in sensible ranges.

To encode, the parameter value is multiplied by the scaling factor.
To decode, it is divided by the scaling factor.


	Parameters

	scale (float) – the scaling factor by which to scale the parameter






	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.ScaleTransform(scale)

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

Applies a scaling to bring the parameters in sensible ranges.

To encode, the parameter value is multiplied by the scaling factor.
To decode, it is divided by the scaling factor.


	Parameters

	scale (float) – the scaling factor by which to scale the parameter






	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.SinSqrClampTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

The clamp transformation limits the parameter between its lower and upper bound using a sin(sqr()) transform.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.














	
class mdt.model_building.parameter_functions.transformations.SqrClampTransform

	Bases: mdt.model_building.parameter_functions.transformations.AbstractTransformation

The clamp transformation limits the parameter between its lower and upper bound using a sqr() transform.


	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds into the encoded parameter space.


	Parameters

	
	lower_bounds (floar or ndarray) – either a single bound, or per voxel a bound


	upper_bounds (floar or ndarray) – either a single bound, or per voxel a bound






	Returns

	the transformed lower and upper bounds, same shape as inputs



	Return type

	tuple










	
get_cl_decode()

	Get the CL decode assignment constructor


	Returns

	The cl code assignment constructor for decoding the parameter.



	Return type

	AssignmentConstructor










	
get_cl_encode()

	Get the CL encode assignment constructor


	Returns

	AssignmentConstructor: The cl code assignment constructor for encoding the parameter.
















Module contents







          

      

      

    

  

    
      
          
            
  
mdt.model_building package


Subpackages



	mdt.model_building.parameter_functions package
	Submodules

	mdt.model_building.parameter_functions.dependencies module

	mdt.model_building.parameter_functions.numdiff_info module

	mdt.model_building.parameter_functions.priors module

	mdt.model_building.parameter_functions.transformations module

	Module contents












Submodules




mdt.model_building.likelihood_functions module


	
class mdt.model_building.likelihood_functions.Gaussian

	Bases: mdt.model_building.likelihood_functions.LikelihoodFunction

This uses the log of the Gaussian PDF for the likelihood function.

The PDF is defined as:

PDF = 1/(sigma * sqrt(2*pi)) * exp(-(observation - evaluation)^2 / (2 * sigma^2))





Taking the log, we get:

log(PDF) = - ((observation - evaluation)^2 / (2 * sigma^2)) - log(sigma * sqrt(2*pi))










	
class mdt.model_building.likelihood_functions.LikelihoodFunction(return_type, cl_function_name, parameters, cl_body, dependencies=None, model_function_priors=None)

	Bases: mdt.model_building.model_functions.SimpleModelCLFunction

The likelihood function is the model under which you evaluate the model estimates against observations.

A default implementation of a This CL function is for all estimable models


	Parameters

	
	return_type (str) – the CL return type of the function


	cl_function_name (string) – The name of the CL function


	parameters (list or tuple of CLFunctionParameter) – The list of parameters required for this function


	cl_body (str) – the cl body of this function


	dependencies (list or tuple of CLFunction) – The list of CL libraries this function depends on


	model_function_priors (list of mot.lib.cl_function.CLFunction) – list of priors concerning this whole model
function. The parameter names of the given functions must match those of this function.













	
class mdt.model_building.likelihood_functions.OffsetGaussian

	Bases: mdt.model_building.likelihood_functions.LikelihoodFunction

This uses the log of an ‘offset Gaussian’ PDF for the likelihood function.

The PDF is defined as:

PDF = 1/(sigma * sqrt(2*pi)) * exp(-(observation - sqrt(evaluation^2 + sigma^2))^2 / (2 * sigma^2))





Where the log of the PDF is given by:

log(PDF) = - ((observation - sqrt(evaluation^2 + sigma^2))^2 / (2 * sigma^2)) - log(sigma * sqrt(2*pi))










	
class mdt.model_building.likelihood_functions.Rician

	Bases: mdt.model_building.likelihood_functions.LikelihoodFunction

This uses the log of the Rice PDF for the likelihood function.

The PDF is defined as:

PDF = (observation/sigma^2)
        * exp(-(observation^2 + evaluation^2) / (2 * sigma^2))
        * bessel_i0((observation * evaluation) / sigma^2)





Where where bessel_i0(z) is the modified Bessel function of the first kind with order zero.

The log of the PDF is given by:

log(PDF) = log(observation/sigma^2)
            - (observation^2 + evaluation^2) / (2 * sigma^2)
            + log(bessel_i0((observation * evaluation) / sigma^2))












mdt.model_building.model_functions module


	
class mdt.model_building.model_functions.ModelCLFunction(*args, **kw)

	Bases: MockClass

Extends a CLFunction with modeling information.


	
get_free_parameters()

	Get all the free parameters in this model


	Returns

	list of all the model parameters of type FreeParameter in this model



	Return type

	list of CLFunctionParameter










	
get_model_function_priors()

	Get all the model function priors.


	Returns

	
	the priors for this model function,

	these are supposed to be used in conjunction to the parameter priors.









	Return type

	list of mot.lib.cl_function.CLFunction










	
get_prior_parameters(parameter)

	Get the prior parameters of the given parameter.


	Parameters

	parameter (FreeParameter) – one of the parameters of this model function



	Returns

	the list of prior parameters for the given parameter



	Return type

	list of parameters










	
name

	Get the name of this model function.


	Returns

	The name of this model function.



	Return type

	str














	
class mdt.model_building.model_functions.SimpleModelCLFunction(return_type, cl_function_name, parameters, cl_body, dependencies=None, model_function_priors=None)

	Bases: mdt.model_building.model_functions.ModelCLFunction, MockClass

A default implementation of a This CL function is for all estimable models


	Parameters

	
	return_type (str) – the CL return type of the function


	cl_function_name (string) – The name of the CL function


	parameters (list or tuple of CLFunctionParameter) – The list of parameters required for this function


	cl_body (str) – the cl body of this function


	dependencies (list or tuple of CLFunction) – The list of CL libraries this function depends on


	model_function_priors (list of mot.lib.cl_function.CLFunction) – list of priors concerning this whole model
function. The parameter names of the given functions must match those of this function.









	
get_free_parameters()

	Get all the free parameters in this model


	Returns

	the list of free parameters in this model



	Return type

	list










	
get_model_function_priors()

	Get all the model function priors.


	Returns

	
	the priors for this model function, these are supposed to be used in

	conjunction to the parameter priors.









	Return type

	list[mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]]










	
get_prior_parameters(parameter)

	Get the parameters referred to by the priors of each of the free parameters.

This returns a list of all the parameters referenced by the priors of the parameters, recursively.


	Returns

	
	the list of additional parameters used by each of the

	parameter priors









	Return type

	list of mot.lib.cl_function.CLFunctionParameter










	
name

	Get the name of this model function, used in the composite model function


	Returns

	The name of this model function.



	Return type

	str














	
class mdt.model_building.model_functions.SimpleWeight(name='Weight', param_name='w', value=0.5, lower_bound=0.0, upper_bound=1.0, parameter_kwargs=None)

	Bases: mdt.model_building.model_functions.WeightType

A class that by itself defines the notion of a Weight.

Some of the code checks for type Weight, be sure to use this model function if you want to represent a Weight.

A weight is meant to be a model volume fraction.


	Parameters

	
	name (str) – The name of the model


	value (number or ndarray) – The initial value for the single free parameter of this function.


	lower_bound (number or ndarray) – The initial lower bound for the single free parameter of this function.


	upper_bound (number or ndarray) – The initial upper bound for the single free parameter of this function.













	
class mdt.model_building.model_functions.WeightType(return_type, cl_function_name, parameters, cl_body, dependencies=None, model_function_priors=None)

	Bases: mdt.model_building.model_functions.SimpleModelCLFunction

A class that defines the notion of a weighted compartment.

Some of the code checks for this class type, be sure to subclass this class if you want to represent a Weight.

A default implementation of a This CL function is for all estimable models


	Parameters

	
	return_type (str) – the CL return type of the function


	cl_function_name (string) – The name of the CL function


	parameters (list or tuple of CLFunctionParameter) – The list of parameters required for this function


	cl_body (str) – the cl body of this function


	dependencies (list or tuple of CLFunction) – The list of CL libraries this function depends on


	model_function_priors (list of mot.lib.cl_function.CLFunction) – list of priors concerning this whole model
function. The parameter names of the given functions must match those of this function.















mdt.model_building.parameters module




mdt.model_building.signal_noise_models module


	
class mdt.model_building.signal_noise_models.JohnsonNoise

	Bases: mdt.model_building.signal_noise_models.SignalNoiseModel

Johnson noise adds noise to the signal using the formula:

sqrt(signal^2 + eta^2)










	
class mdt.model_building.signal_noise_models.SignalNoiseModel(return_type, cl_function_name, parameters, cl_body, dependencies=None, model_function_priors=None)

	Bases: mdt.model_building.model_functions.SimpleModelCLFunction

Signal noise models can add noise to the signal resulting from the model.

They require the signal resulting from the model and zero or more parameters and they return a new signal
with noise added. This should have a model signature like:

double fname(double signal, <noise model parameters ...>);





For example, if the noise model has only one parameter ‘sigma’ the function should look like:

double fname(double signal, double sigma);






	The CL function should return a single double that represents the signal with the signal noise

	added to it.





A default implementation of a This CL function is for all estimable models


	Parameters

	
	return_type (str) – the CL return type of the function


	cl_function_name (string) – The name of the CL function


	parameters (list or tuple of CLFunctionParameter) – The list of parameters required for this function


	cl_body (str) – the cl body of this function


	dependencies (list or tuple of CLFunction) – The list of CL libraries this function depends on


	model_function_priors (list of mot.lib.cl_function.CLFunction) – list of priors concerning this whole model
function. The parameter names of the given functions must match those of this function.















mdt.model_building.trees module


	
class mdt.model_building.trees.CompartmentModelTree(model_lists)

	Bases: mdt.model_building.trees.Tree

Builds a multi modal multi compartment model from the given model tree.

Valid model trees abides this grammar:

tree     ::= model | ‘(‘ tree ‘)’ | ‘(‘ tree ‘,’ operator ‘)’
model    ::= CompartmentModel [‘(‘ nickname ‘)’]
operator ::= ‘*’ | ‘/’ | ‘+’ | ‘-‘

This means that one can build complex models consisting of compartment models combined using basic
math operators.


	Parameters

	model_lists (list of mdt.models.compartments.CompartmentModel) – The model tree list






	
get_compartment_models()

	Get the compartment models that are part of this tree.

This basically just returns the leaves of the tree.


	Returns

	the compartments in this tree



	Return type

	list of mdt.models.compartments.CompartmentModel














	
class mdt.model_building.trees.Tree(data=None, tag=None, children=None, parent=None)

	Bases: object

Create a new Tree.

In this tree, every node is a tree object as well. The tree is implemented as a linked list.
Each node has a reference to its children and to its parent node.


	Parameters

	
	data – The data object


	tag (str) – The tag used for displaying this node


	children (list of Tree) – The list of children to this node


	parent (Tree) – The parent tree node.









	
data

	The data object






	
tag

	The tag used for displaying this node


	Type

	str










	
children

	The list of children to this node


	Type

	list of Tree










	
parent

	The parent tree node.


	Type

	Tree










	
internal_nodes

	Get all the non-leaves under this tree (the internal nodes).


	Returns

	A list of all non-leaves under this tree.



	Return type

	list










	
leaves

	Get all the leaves under this tree.


	Returns

	A list of all leaves under this tree.



	Return type

	list
















mdt.model_building.utils module


	
class mdt.model_building.utils.ParameterCodec(encode_func, decode_func, encode_bounds_func=None)

	Bases: object

Create a parameter codec container.


	Parameters

	
	encode_func (mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]) – An OpenCL function that is used in the CL kernel to
transform the parameters from model space to encoded space so they can be used as input to an
CL routine. The signature of the CL function is:

void <fname>(void* data, local mot_float_type* x);








	decode_func (mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]) – An OpenCL function that is used in the CL kernel to
transform the parameters from encoded space to model space so they can be used as input to the model.
The signature of the CL function is:

void <fname>(void* data, local mot_float_type* x);








	encode_bounds_func (Callable[[array, array], Tuple[array, array]]) – encode the lower and upper bounds
to bounds of the encoded parameter space. If not set, we won’t encode the bounds









	
decode(parameters, kernel_data=None, cl_runtime_info=None)

	Decode the given parameters using the given model.

This transforms the data from optimization space to model space.


	Parameters

	
	parameters (ndarray) – The parameters to transform


	(dict[str (kernel_data) – mot.lib.utils.KernelData]): the additional data to load


	cl_runtime_info (mot.configuration.CLRuntimeInfo [https://mot.readthedocs.io/en/latest/mot.html#mot.configuration.CLRuntimeInfo]) – the runtime information






	Returns

	The array with the transformed parameters.



	Return type

	ndarray










	
encode(parameters, kernel_data=None, cl_runtime_info=None)

	Encode the given parameters using the given model.

This transforms the data from model space to optimization space.


	Parameters

	
	parameters (ndarray) – The parameters to transform


	(dict[str (kernel_data) – mot.lib.utils.KernelData]): the additional data to load


	cl_runtime_info (mot.configuration.CLRuntimeInfo [https://mot.readthedocs.io/en/latest/mot.html#mot.configuration.CLRuntimeInfo]) – the runtime information






	Returns

	The array with the transformed parameters.



	Return type

	ndarray










	
encode_bounds(lower_bounds, upper_bounds)

	Encode the given bounds to the encoded parameter space.


	Parameters

	
	lower_bounds (list) – for each parameter the lower bound(s). Each element can either be a scalar or a vector.


	upper_bounds (list) – for each parameter the upper bound(s). Each element can either be a scalar or a vector.






	Returns

	the lower and the upper bounds, in a similar structure as the input



	Return type

	tuple










	
encode_decode(parameters, kernel_data=None, cl_runtime_info=None)

	First apply an encoding operation and then apply a decoding operation again.

This can be used to enforce boundary conditions in the parameters.


	Parameters

	
	parameters (ndarray) – The parameters to transform


	(dict[str (kernel_data) – mot.lib.utils.KernelData]): the additional data to load


	cl_runtime_info (mot.configuration.CLRuntimeInfo [https://mot.readthedocs.io/en/latest/mot.html#mot.configuration.CLRuntimeInfo]) – the runtime information






	Returns

	The array with the transformed parameters.



	Return type

	ndarray










	
get_decode_function()

	Get a CL function that can transform the model parameters from encoded space to model space.


	Returns

	
	An OpenCL function that is used in the CL kernel to transform the parameters

	from encoded space to model space so they can be used as input to the model.
The signature of the CL function is:

void <fname>(void* data, local mot_float_type* x);













	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_encode_function()

	Get a CL function that can transform the model parameters from model space to an encoded space.


	Returns

	
	An OpenCL function that is used in the CL kernel to transform the parameters

	from model space to encoded space so they can be used as input to an CL routine.
The signature of the CL function is:

void <fname>(void* data, local mot_float_type* x);













	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]














	
class mdt.model_building.utils.ParameterDecodingWrapper(nmr_parameters, decode_function)

	Bases: object

Wrap the objective function and constraint function with parameter decoding.


	Parameters

	
	nmr_parameters (int) – the number of parameters to decode


	decode_function (mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]) – An OpenCL function that is used in the CL kernel to
transform the parameters from encoded space to model space so they can be used as input to the model.
The signature of the CL function is:

void <fname>(void* data, local mot_float_type* x);















	
wrap_constraints_function(constraints_func)

	Decorates the given constraint function with parameter decoding.


	Parameters

	constraints_func (mot.optimize.base.ConstraintFunction) – A CL function with the signature:

void <func_name>(local mot_float_type* x,
                 void* data,
                 local mot_float_type* constraints);









	Returns

	the wrapped constraint function.



	Return type

	mot.optimize.base.ConstraintFunction










	
wrap_input_data(input_data)

	Wrap the input data with extra information this wrapper might need.


	Parameters

	input_data (mot.lib.kernel_data.KernelData [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.kernel_data.KernelData]) – the kernel data we will wrap



	Returns

	the wrapped kernel data



	Return type

	mot.lib.kernel_data.KernelData [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.kernel_data.KernelData]










	
wrap_objective_function(objective_function)

	Decorates the given objective function with parameter decoding.


	Parameters

	objective_function (mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]) – A CL function with the signature:

double <func_name>(local mot_float_type* x,
                   void* data,
                   local mot_float_type* objective_list);









	Returns

	the wrapped objective function.



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]
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mdt.models package


Submodules




mdt.models.base module


	
class mdt.models.base.EstimableModel(*args, **kwargs)

	Bases: object

This is an interface for all methods needed to be able to optimize and sample a model.


	
get_constraints_function()

	The function for the (inequality) constraints.


	Returns

	the CL function for the inequality constraints of this model.



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_finalize_proposal_function()

	Get the function used to finalize the proposal.

This function is used to finalize the proposals during sampling.


	Returns

	the CL function used to finalize a proposal during sampling.



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_free_param_names()

	Get the names of the free parameters.


	Returns

	the name of the free parameters



	Return type

	List










	
get_initial_parameters()

	Get the initial parameters for each of the voxels.


	Returns

	2d array with for every problem (first dimension) the initial parameters (second dimension).



	Return type

	ndarray










	
get_input_data_problems(input_data=None)

	Get all the problems with the protocol.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – The input data we intend on using with this model.



	Returns

	
	A list of

	InputDataProblem instances or subclasses of that baseclass.
These objects indicate the problems with the protocol and this model.









	Return type

	list of InputDataProblem










	
get_kernel_data()

	Get the kernel data this model needs for evaluation in OpenCL.

This is needed for evaluating the priors, likelihoods and other functions.


	Returns

	the kernel data used by this model



	Return type

	mot.lib.kernel_data.KernelData [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.kernel_data.KernelData]










	
get_log_likelihood_function()

	For sampling, get the log-likelihood function.


	Returns

	the CL function for the log likelihood function during MCMC sampling



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_log_prior_function()

	Get the prior function used during sampling.


	Returns

	the CL function for the log prior function during MCMC sampling



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_lower_bounds()

	Get the lower bounds.


	Returns

	
	for every parameter a lower bound which can either be None, a scalar or a vector with a

	lower bound per problem instance.









	Return type

	List










	
get_mle_codec()

	Get a parameter codec that can be used to transform the parameters to and from optimization and model space.


	Returns

	an instance of a parameter codec



	Return type

	mdt.model_building.utils.ParameterCodec










	
get_nmr_observations()

	Get the number of observations in the data.


	Returns

	the number of observations present in the data



	Return type

	int










	
get_nmr_parameters()

	Get the number of estimable parameters in this model.


	Returns

	the number of estimable parameters



	Return type

	int










	
get_objective_function()

	For minimization, get the negative of the log-likelihood function.


	Returns

	the CL function for the optimization routines in MOT.



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_post_optimization_output(optimized_parameters, roi_indices=None, parameters_dict=None)

	Get the output after optimization.

This is called by the processing strategy to finalize the optimization of a batch of voxels.


	Parameters

	
	optimized_parameters (ndarray) – the array of optimized parameters


	roi_indices (Iterable or None) – if set, the problem instances optimized in this batch


	parameters_dict (dict) – same data as optimized_parameters, only then represented as a dict.
Only needed if available, to speed up this function.






	Returns

	dictionary with results maps, can be nested which should translate to sub-directories.



	Return type

	dict










	
get_post_sampling_maps(sampling_output, roi_indices=None)

	Get the post sampling volume maps.

This will return a dictionary mapping folder names to dictionaries with volumes to write.


	Parameters

	
	sampling_output (mot.sample.base.SamplingOutput [https://mot.readthedocs.io/en/latest/mot.sample.html#mot.sample.base.SamplingOutput]) – the output of the sampler


	roi_indices (Iterable or None) – if set, the problem instances sampled in this batch






	Returns

	a dictionary with for every subdirectory the maps to save



	Return type

	dict










	
get_random_parameter_positions(nmr_positions=1)

	Get one or more random parameter positions centered around the initial parameters.

This can be used to generate random starting points for sampling routines with multiple walkers.

Per position requested, this function generates a normal distribution around the initial parameters (using
get_initial_parameters()) with the standard deviation derived from the random walk metropolis std.


	Returns

	a 3d matrix for (voxels, parameters, nmr_positions).



	Return type

	ndarray










	
get_rwm_epsilons()

	Get per parameter a value small relative to the parameter’s standard deviation.

This is used in, for example, the SCAM Random Walk Metropolis sampling routine to add to the new proposal
standard deviation to ensure it does not collapse to zero.


	Returns

	per parameter an epsilon, relative to the proposal standard deviation



	Return type

	list










	
get_rwm_proposal_stds()

	Get the Random Walk Metropolis proposal standard deviations for every parameter and every problem instance.

These proposal standard deviations are used in Random Walk Metropolis MCMC sample.


	Returns

	the proposal standard deviations of each free parameter, for each problem instance



	Return type

	ndarray










	
get_upper_bounds()

	Get the upper bounds.


	Returns

	
	for every parameter an upper bound which can either be None, a scalar or a vector with a

	upper bound per problem instance.









	Return type

	List










	
get_used_volumes(input_data=None)

	Get the indices of the input data volumes used by this model.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – if given, limit the analysis to this input data.



	Returns

	the list of volume indices with volumes to use. This indexes the input data.



	Return type

	List










	
is_input_data_sufficient(input_data=None)

	Check if the input data has enough information for this model to work.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – The input data we intend on using with this model.



	Returns

	True if there is enough information in the input data, false otherwise.



	Return type

	boolean










	
name

	The name of this model.


	Returns

	the name of this model.



	Return type

	str










	
set_input_data(input_data, suppress_warnings=False)

	Set the input data this model will deal with.


	Parameters

	
	input_data (mdt.lib.input_data.MRIInputData) – The container for the data we will use for this model.


	suppress_warnings (boolean) – set to suppress all warnings






	Returns

	Returns self for chainability










	
update_active_post_processing(processing_type, settings)

	Update the active post-processing semaphores.

It is possible to control which post-processing routines get run by overwriting them using this method.
For a list of post-processors, please see the default mdt configuration file under active_post_processing.


	Parameters

	
	processing_type (str) – one of sample or optimization.


	settings (dict) – the items to set in the post-processing information

















	
class mdt.models.base.InputDataProblem

	Bases: object

The base class for indicating problems with the input data.

These are meant to be returned from the function get_input_data_problems().

Each of these problems is supposed to overwrite the function __str__() for reporting the problem.






	
class mdt.models.base.MissingProtocolInput(missing_columns)

	Bases: mdt.models.base.InputDataProblem






	
class mdt.models.base.NamedProtocolProblem(model_protocol_problem, model_name)

	Bases: mdt.models.base.InputDataProblem

This extends the given model protocol problem to also include the name of the model.


	Parameters

	
	model_protocol_problem (InputDataProblem) – The name for the problem with the given model.


	model_name (str) – the name of the model















mdt.models.compartments module


	
class mdt.models.compartments.CacheInfo(fields, cl_code)

	Bases: object

A storage container for the cache info of an compartment function.


	Parameters

	
	fields (list of tuple) – the list of fields used in the cache. Each tuple element consists of
(ctype, name, nmr_elements).


	cl_code (str) – the body of the CL code needed for the cache initialization.
This will be turned into a function by the compartment model.













	
class mdt.models.compartments.CompartmentModel(*args, **kw)

	Bases: mdt.model_building.model_functions.ModelCLFunction


	
get_cache_init_function()

	Get the CL function for initializing the cache struct of this compartment.

Please note that this function does not the struct type definitions of the cache. These need to be
appended manually using the get_cache_struct().


	Returns

	
	the CL function for initializing the cache. This function

	should have the same signature as the compartment model function.









	Return type

	None or mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_cache_struct(address_space)

	Get the cache data for this compartment model.


	Parameters

	address_space (str) – the address space for the cache, either ‘local’ or ‘private’



	Returns

	the cache structure



	Return type

	Optional[mdt.model_building.computation_caching.CacheStruct]










	
get_constraints_func()

	Get a tuple with the constraint function information.

If no constraints are defined for this model function, return None


	Returns

	
	None if no constraints are defined for this model. Else,

	a constraint function.









	Return type

	None or mot.optimize.base.ConstraintFunction










	
get_extra_optimization_maps_funcs()

	Get a list of functions to produce additional results post optimization.


	Returns

	the list of functions to be called



	Return type

	list of functions










	
get_extra_sampling_maps_funcs()

	Get a list of functions to produce additional results post sampling.

These functions can return additional maps as sampling output.


	Returns

	the list of functions to be called



	Return type

	list of functions














	
class mdt.models.compartments.DMRICompartmentModelFunction(return_type, cl_function_name, parameters, cl_body, dependencies=None, constraints_func=None, model_function_priors=None, extra_optimization_maps_funcs=None, extra_sampling_maps_funcs=None, nickname=None, cache_info=None)

	Bases: mdt.models.compartments.CompartmentModel, mdt.model_building.model_functions.SimpleModelCLFunction

Create a new dMRI compartment model function.


	Parameters

	
	return_type (str) – the CL return type


	cl_function_name (str) – the name of this function in the CL kernel


	parameters (list of CLFunctionParameter) – the list of the function parameters


	cl_body (str) – the body of the CL code


	dependencies (list) – the list of functions we depend on inside the kernel


	constraints_func (mot.optimize.base.ConstraintFunction) – a constraint function for this compartment


	model_function_priors (list of mot.lib.cl_function.CLFunction) – additional
compartment priors on top of the parameter priors.


	extra_optimization_maps_funcs (None or list or tuple) – a list of modification callbacks to add new maps
after optimization.


	extra_sampling_maps_funcs (None or list or tuple) – a list of functions that can return additional maps
after sampling.


	nickname (str or None) – the nickname of this compartment model function. If given, this is the name of this
compartment in a composite model function tree


	cache_info (Optional[CacheInfo]) – the cache information for this compartment









	
evaluate(*args, **kwargs)

	




	
get_cache_init_function()

	Get the CL function for initializing the cache struct of this compartment.

Please note that this function does not the struct type definitions of the cache. These need to be
appended manually using the get_cache_struct().


	Returns

	
	the CL function for initializing the cache. This function

	should have the same signature as the compartment model function.









	Return type

	None or mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_cache_struct(address_space)

	Get the cache data for this compartment model.


	Parameters

	address_space (str) – the address space for the cache, either ‘local’ or ‘private’



	Returns

	the cache structure



	Return type

	Optional[mdt.model_building.computation_caching.CacheStruct]










	
get_constraints_func()

	Get a tuple with the constraint function information.

If no constraints are defined for this model function, return None


	Returns

	
	None if no constraints are defined for this model. Else,

	a constraint function.









	Return type

	None or mot.optimize.base.ConstraintFunction










	
get_extra_optimization_maps_funcs()

	Get a list of functions to produce additional results post optimization.


	Returns

	the list of functions to be called



	Return type

	list of functions










	
get_extra_sampling_maps_funcs()

	Get a list of functions to produce additional results post sampling.

These functions can return additional maps as sampling output.


	Returns

	the list of functions to be called



	Return type

	list of functions










	
name

	Get the name of this model function.


	Returns

	The name of this model function.



	Return type

	str














	
class mdt.models.compartments.WeightCompartment(return_type, cl_function_name, parameters, cl_body, dependencies=None, model_function_priors=None, nickname=None)

	Bases: mdt.models.compartments.CompartmentModel, mdt.model_building.model_functions.WeightType

Create a new weight for use in composite models


	Parameters

	
	cl_function_name (str) – the name of this function in the CL kernel


	parameters (list of CLFunctionParameter) – the list of the function parameters


	cl_body (str) – the body of the CL code


	dependencies (list) – the list of functions we depend on inside the kernel


	return_type (str) – the CL return type


	model_function_priors (list of mot.lib.cl_function.CLFunction) – additional
compartment priors on top of the parameter priors.


	nickname (str or None) – the nickname of this compartment model function. If given, this is the name of this
compartment in a composite model function tree









	
get_cache_init_function()

	Get the CL function for initializing the cache struct of this compartment.

Please note that this function does not the struct type definitions of the cache. These need to be
appended manually using the get_cache_struct().


	Returns

	
	the CL function for initializing the cache. This function

	should have the same signature as the compartment model function.









	Return type

	None or mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_cache_struct(address_space)

	Get the cache data for this compartment model.


	Parameters

	address_space (str) – the address space for the cache, either ‘local’ or ‘private’



	Returns

	the cache structure



	Return type

	Optional[mdt.model_building.computation_caching.CacheStruct]










	
get_constraints_func()

	Get a tuple with the constraint function information.

If no constraints are defined for this model function, return None


	Returns

	
	None if no constraints are defined for this model. Else,

	a constraint function.









	Return type

	None or mot.optimize.base.ConstraintFunction










	
get_extra_optimization_maps_funcs()

	Get a list of functions to produce additional results post optimization.


	Returns

	the list of functions to be called



	Return type

	list of functions










	
get_extra_sampling_maps_funcs()

	Get a list of functions to produce additional results post sampling.

These functions can return additional maps as sampling output.


	Returns

	the list of functions to be called



	Return type

	list of functions










	
name

	Get the name of this model function.


	Returns

	The name of this model function.



	Return type

	str
















mdt.models.composite module


	
class mdt.models.composite.CompositeModelFunction(model_tree, signal_noise_model=None)

	Bases: MockClass

The model function for the total constructed model.

This combines all the functions in the model tree into one big function and exposes that function and
its parameters.


	Parameters

	
	model_tree (mdt.model_building.trees.CompartmentModelTree) – the model tree object


	signal_noise_model (mdt.model_building.signal_noise_models.SignalNoiseModel) – the optional signal
noise model to use to add noise to the model prediction









	
evaluate(inputs, nmr_instances, **kwargs)

	




	
get_model_function_parameters()

	Get the parameters to use in the model function.


	Returns

	
	per parameter a tuple with (model, parameter, cl_name, external_name)

	where the cl_name is how we reference the parameter in the CL code and the external_name is
how we reference the parameter in a call to for example ‘evaluate’.









	Return type

	list of tuples










	
get_model_parameter_list()

	Get the model and parameter tuples that constructed this composite model.

This is used by the model builder, to construct the model function call.


	Returns

	the list of (model, parameter) tuples for each of the models and parameters.



	Return type

	list of tuple














	
class mdt.models.composite.DMRICompositeModel(model_name, model_tree, likelihood_function, signal_noise_model=None, input_data=None, enforce_weights_sum_to_one=True, volume_selection=True)

	Bases: mdt.models.base.EstimableModel

A model builder for a composite dMRI sample and optimization model.

It implements some protocol check functions. These are used by the fit_model functions in MDT
to check if the protocol is correct for the model we try to fit.


	Parameters

	
	model_name (str) – the name of the model


	model_tree (mdt.model_building.trees.CompartmentModelTree) – the model tree object


	likelihood_function (mdt.model_building.likelihood_functions.LikelihoodFunction) – the likelihood function to
use for the resulting complete model.


	signal_noise_model (mdt.model_building.signal_noise_models.SignalNoiseModel) – the optional signal
noise model to use to add noise to the model prediction


	input_data (mdt.lib.input_data.MRIInputData) – the input data container


	enforce_weights_sum_to_one (boolean) – if we want to enforce that weights sum to one. This does the
following things; it fixes the first weight to the sum of the others and it adds a transformation
that ensures that those other weights sum to at most one.


	volume_selection (boolean) – if we should do volume selection or not, set this before
calling set_input_data.









	
_constraints

	the constraint functions


	Type

	List[mot.optimize.base.ConstraintFunction]










	
_model_priors

	the list of model priors this class
will also use (next to the priors defined in the parameters).


	Type

	List[mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]]










	
_proposal_callbacks

	the list of proposal callbacks. Each element in the list consists of a tuple with two elements,
first a reference to the used compartments (as a list of (compartment, parameter) tuples),
second the CL function to call (using those parameters).

Proposals generated during sample may sometimes require transformations to transform the proposal
vector. For example, in the case of sample a spherical coordinate system, this callback can be used
to transform both the inclination and the azimuth at the same time to an antipodal point.


	Type

	Iterable[Tuple[Tuple[CompartmentFunction, CLFunctionParameter], CLFunction]]










	
compute_covariance_matrix(parameters, roi_indices=None)

	Calculate the covariance and correlation matrix by taking the inverse of the Hessian.

This first calculates/approximates the Hessian at each of the points using numerical differentiation.
Afterwards we inverse the Hessian to return the covariance matrix.

This function only returns the upper triangular data of the covariance matrix.


	Parameters

	
	parameters (ndarray) – for each voxel, the optimized parameters


	roi_indices (Iterable or None) – if set, the problem instances optimized in this batch.






	Returns

	for each voxel (first dimension ) a covariance matrix (second dimension)



	Return type

	ndarray










	
fix(model_param_name, value)

	Fix the given model.param to the given value.


	Parameters

	
	model_param_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector or string or AbstractParameterDependency) – The value or dependency
to fix the given parameter to.






	Returns

	Returns self for chainability










	
get_active_post_processing()

	Get a dictionary with the active post processing.

This returns a dictionary with as first level the processing type and as second level the post-processing
options.


	Returns

	the dictionary with the post-processing options for both sample and optimization.



	Return type

	dict










	
get_composite_model_function()

	Get the composite model function for the current model tree.

The output model function of this class is a subclass of CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction] meaning it can
be used to evaluate the model given some input parameters.

This function does not incorporate the likelihood function (Gaussian, Rician, etc.), but does incorporate the
signal noise model (JohnsonNoise for example).


	Returns

	the model function for the composite model



	Return type

	CompositeModelFunction










	
get_constraints_function()

	The function for the (inequality) constraints.






	
get_covariance_output_names()

	Get pretty names for each of the covariance matrix outputs.

This corresponds to the output array from compute_covariance_matrix().


	Returns

	for each elements in the upper triangular covariance vector, a pretty name



	Return type

	List[str]










	
get_finalize_proposal_function()

	Get the function used to finalize the proposal.

This function is used to finalize the proposals during sampling.


	Returns

	the CL function used to finalize a proposal during sampling.



	Return type

	mot.lib.cl_function.CLFunction [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.cl_function.CLFunction]










	
get_free_param_names()

	Get the names of the free parameters






	
get_initial_parameters()

	Get the initial parameters for all the voxels in the input data.


	Returns

	2d array with for every problem (first dimension) the initial parameters (second dimension).



	Return type

	ndarray










	
get_input_data()

	Get the input data actually being used by this model.


	Returns

	the input data being used by this model



	Return type

	mdt.lib.input_data.MRIInputData










	
get_input_data_problems(input_data=None)

	Get all the problems with the protocol.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – The input data we intend on using with this model.



	Returns

	
	A list of

	InputDataProblem instances or subclasses of that baseclass.
These objects indicate the problems with the protocol and this model.









	Return type

	list of InputDataProblem










	
get_kernel_data()

	Get the kernel data this model needs for evaluation in OpenCL.

This is needed for evaluating the priors, likelihoods and other functions.


	Returns

	the kernel data used by this model



	Return type

	mot.lib.kernel_data.KernelData [https://mot.readthedocs.io/en/latest/mot.lib.html#mot.lib.kernel_data.KernelData]










	
get_log_likelihood_function()

	For sampling, get the log-likelihood function.






	
get_log_prior_function()

	Get the prior function used during sampling.






	
get_lower_bounds()

	Get the lower bounds.


	Returns

	
	for every parameter a lower bound which can either be None, a scalar or a vector with a

	lower bound per problem instance.









	Return type

	List










	
get_mle_codec()

	Get a parameter codec that can be used to transform the parameters to and from optimization and model space.

This does two things:
- It applies the transformation of each of the parameters
- For compartments with both a mdt.model_building.parameters.PolarAngleParameter and


mdt.model_building.parameters.AzimuthAngleParameter, we apply the right spherical transformation
to put the spherical coordinates in the right spherical hemisphere.





	Returns

	an instance of a parameter codec



	Return type

	mdt.model_building.utils.ParameterCodec










	
get_model_eval_function()

	




	
get_nmr_observations()

	Get the number of observations in the data.


	Returns

	the number of observations present in the data



	Return type

	int










	
get_nmr_parameters()

	Get the number of estimable parameters in this model.


	Returns

	the number of estimable parameters



	Return type

	int










	
get_objective_function()

	For minimization, get the negative of the log-likelihood function.






	
get_post_optimization_output(optimized_parameters, roi_indices=None, parameters_dict=None)

	Get the output after optimization.

This is called by the processing strategy to finalize the optimization of a batch of voxels.


	Returns

	dictionary with results maps, can be nested which should translate to sub-directories.



	Return type

	dict










	
get_post_sampling_maps(sampling_output, roi_indices=None)

	Get the post sample volume maps.

This will return a dictionary mapping folder names to dictionaries with volumes to write.


	Parameters

	
	sampling_output (mot.sample.base.SamplingOutput [https://mot.readthedocs.io/en/latest/mot.sample.html#mot.sample.base.SamplingOutput]) – the output of the sampler


	roi_indices (Iterable or None) – if set, the problem instances optimized in this batch






	Returns

	a dictionary with for every subdirectory the maps to save



	Return type

	dict










	
get_random_parameter_positions(nmr_positions=1)

	Get one or more random parameter positions centered around the initial parameters.

This can be used to generate random starting points for sampling routines with multiple walkers.

Per position requested, this function generates a normal distribution around the initial parameters (using
get_initial_parameters()) with the standard deviation derived from the random walk metropolis std.


	Returns

	a 3d matrix for (voxels, parameters, nmr_positions).



	Return type

	ndarray










	
get_required_protocol_names()

	Get a list with the constant data names that are needed for this model to work.

For example, an implementing diffusion MRI model might require the presence of the protocol parameter
‘g’ and ‘b’. This function should then return (‘g’, ‘b’).


	Returns

	A list of columns names that need to be present in the protocol



	Return type

	list










	
get_rwm_epsilons()

	Get per parameter a value small relative to the parameter’s standard deviation.

This is used in, for example, the SCAM Random Walk Metropolis sampling routine to add to the new proposal
standard deviation to ensure it does not collapse to zero.


	Returns

	per parameter an epsilon, relative to the proposal standard deviation



	Return type

	list










	
get_rwm_proposal_stds()

	Get the Random Walk Metropolis proposal standard deviations for every parameter and every problem instance.

These proposal standard deviations are used in Random Walk Metropolis MCMC sample.


	Returns

	the proposal standard deviations of each free parameter, for each problem instance



	Return type

	ndarray










	
get_upper_bounds()

	Get the upper bounds.


	Returns

	
	for every parameter an upper bound which can either be None, a scalar or a vector with a

	upper bound per problem instance.









	Return type

	List










	
get_used_volumes(input_data=None)

	Get the indices of the input data volumes used by this model.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – if given, limit the analysis to this input data.



	Returns

	the list of volume indices with volumes to use. This indexes the input data.



	Return type

	List










	
has_parameter(model_param_name)

	Check to see if the given parameter is defined in this model.


	Parameters

	model_param_name (string) – A model.param name like ‘Ball.d’



	Returns

	true if the parameter is defined in this model, false otherwise.



	Return type

	boolean










	
init(model_param_name, value)

	Init the given model.param to the given value.


	Parameters

	
	model_param_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector) – The value to initialize the given parameter to






	Returns

	Returns self for chainability










	
is_input_data_sufficient(input_data=None)

	Check if the input data has enough information for this model to work.


	Parameters

	input_data (mdt.lib.input_data.MRIInputData) – The input data we intend on using with this model.



	Returns

	True if there is enough information in the input data, false otherwise.



	Return type

	boolean










	
name

	The name of this model.


	Returns

	the name of this model.



	Return type

	str










	
param_dict_to_array(volume_dict)

	




	
set_initial_parameters(initial_params)

	Update the initial parameters for this model by the given values.

This only affects free parameters.


	Parameters

	initial_params (dict) – a dictionary containing as keys full parameter names (<model>.<param>) and as values
numbers or arrays to be used as starting point










	
set_input_data(input_data, suppress_warnings=False)

	Set the input data this model will deal with.


	Parameters

	
	input_data (mdt.lib.input_data.MRIInputData) – The container for the data we will use for this model.


	suppress_warnings (boolean) – set to suppress all warnings






	Returns

	Returns self for chainability










	
set_lower_bound(model_param_name, value)

	Set the lower bound for the given parameter to the given value.


	Parameters

	
	model_param_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector) – The value to set the lower bounds to, either a single value for
every voxel or a value per voxel.






	Returns

	Returns self for chainability










	
set_lower_bounds(lower_bounds)

	Apply multiple lower bounds from a dictionary.


	Parameters

	lower_bounds (dict) – per parameter a lower bound



	Returns

	Returns self for chainability










	
set_upper_bound(model_param_name, value)

	Set the upper bound for the given parameter to the given value.


	Parameters

	
	model_param_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector) – The value to set the upper bounds to, either a single value for
every voxel or a value per voxel.






	Returns

	Returns self for chainability










	
set_upper_bounds(upper_bounds)

	Apply multiple upper bounds from a dictionary.


	Parameters

	upper_bounds (dict) – per parameter a upper bound



	Returns

	Returns self for chainability










	
unfix(model_param_name)

	Unfix the given model.param


	Parameters

	model_param_name (string) – A model.param name like ‘Ball.d’



	Returns

	Returns self for chainability










	
update_active_post_processing(processing_type, settings)

	Update the active post-processing semaphores.

It is possible to control which post-processing routines get run by overwriting them using this method.
For a list of post-processors, please see the default mdt configuration file under active_post_processing.


	Parameters

	
	processing_type (str) – one of sample or optimization.


	settings (dict) – the items to set in the post-processing information

















	
class mdt.models.composite.ExtraOptimizationMapsInfo(model, results, input_data, roi_indices)

	Bases: collections.abc.Mapping

Container holding information usable for computing extra optimization maps, after optimization.

For backwards compatibility, this class functions both as a dictionary as well as a data container. That is,
one can index this object with map names and it will forward those indices to the results container.
Additionally, it provides some auxiliary data and functions for getting protocol information.


	Parameters

	
	model (DMRICompositeModel) – the model used to compute the results


	results (dict) – the dictionary with all the optimization results


	input_data (mdt.lib.input_data.MRIInputData) – the input data used during the optimization


	roi_indices (ndarray) – a one dimensional array with indices in the region of interest
This holds the voxels we are currently optimizing.









	
copy_with_different_results(new_results)

	Create a copy of this optimization maps info but then with different result maps.


	Parameters

	results (dict) – the dictionary with the new set of optimization results



	Returns

	same as the current class but then with updated results



	Return type

	ExtraOptimizationMapsInfo










	
get_input_data(parameter_name)

	Get the input data for the given parameter.

This gets the input data from the protocol and for maps it only returns the voxels within the voxel roi indices
we optimized.


	Parameters

	parameter_name (str) – the name of the parameter for which we want to get input data



	Returns

	either a scalar, a vector or a matrix with values for the given parameter.



	Return type

	float, ndarray or None



	Raises

	ValueError – if no suitable value can be found.














	
class mdt.models.composite.ModelFunctionsInformation(model_tree, likelihood_function, signal_noise_model=None, enable_prior_parameters=False)

	Bases: object

Contains centralized information about the model functions in the model builder parent.


	Parameters

	
	model_tree (mdt.model_building.trees.CompartmentModelTree) – the model tree object


	likelihood_function (mdt.model_building.likelihood_functions.LikelihoodFunction) – the likelihood function to
use for the resulting complete model


	signal_noise_model (mdt.model_building.signal_noise_models.SignalNoiseModel) – the signal
noise model to use to add noise to the model prediction


	enable_prior_parameters (boolean) – adds possible prior parameters to the list of parameters in the model









	
fix_parameter(parameter_name, value)

	Fix the indicated free parameter to the given value.


	Parameters

	
	parameter_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector or string or AbstractParameterDependency) – The value or dependency
to fix the given parameter to.













	
get_all_protocol_parameters()

	Gets the protocol parameters (as model, parameter tuples) from the model listing.






	
get_compartment_models()

	Get a list of all the compartment models in the model.


	Returns

	the compartment models in this composite model



	Return type

	list of mdt.models.compartments.CompartmentModel










	
get_default_parameter_value(parameter_name)

	Get the default parameter value for the given parameter. This is regardless of model fixation.

The default parameter value is the parameter value as originally defined in the model parameter.


	Returns

	the value for the given parameter



	Return type

	float or ndarray










	
get_dependency_fixed_parameters_list(exclude_priors=False)

	Gets a list (as model, parameter tuples) of all parameters that are fixed to a dependency.


	Parameters

	exclude_priors (boolean) – if we want to exclude the parameters for the priors



	Returns

	the list of value fixed parameters



	Return type

	list of tuple










	
get_estimable_parameters_list(exclude_priors=False)

	Gets a list (as model, parameter tuples) of all parameters that are estimable.


	Parameters

	exclude_priors (boolean) – if we want to exclude the parameters for the priors



	Returns

	the list of estimable parameters



	Return type

	list of tuple










	
get_estimable_weights()

	Get all the estimable weights.


	Returns

	the list of compartment models/parameter pairs for models that are a subclass of WeightType



	Return type

	list of tuples










	
get_free_parameters_list(exclude_priors=False)

	Gets the free parameters as (model, parameter) tuples from the model listing.
This does not incorporate checking for fixed parameters.


	Parameters

	exclude_priors (boolean) – if we want to exclude the parameters for the priors



	Returns

	the list of tuples containing (model, parameters)



	Return type

	list of tuple










	
get_model_list()

	Get the list of all the applicable model functions


	Returns

	the list of model functions.



	Return type

	list of mdt.model_building.model_functions.ModelCLFunction










	
get_model_parameter_by_name(parameter_name)

	Get the parameter object of the given full parameter name in dot format.


	Parameters

	parameter_name (string) – the parameter name in dot format <model>.<param>, or in bar format
<model>_<param>. If the bar format leads to ambiguous results, an exception will be raised.



	Returns

	containing the (model, parameter) pair for the given parameter name



	Return type

	tuple










	
get_model_parameter_list()

	Get a list of all model, parameter tuples.


	Returns

	the list of tuples containing (model, parameters)



	Return type

	list of tuple










	
get_noise_std_param()

	Get a reference to the noise standard deviation parameter in the likelihood model.


	Returns

	the reference to the NoiseStdFreeParam of the likelihood model



	Return type

	parameter










	
get_parameter_estimable_index(model, param)

	Get the index of this parameter in the parameters list

This returns the position of this parameter in the ‘x’, parameter vector in the CL kernels.


	Parameters

	
	model (mdt.model_building.model_functions.ModelCLFunction) – the model function


	param (mot.cl_parameter.CLFunctionParameter) – the parameter






	Returns

	the index of the requested parameter in the list of optimized parameters



	Return type

	int



	Raises

	ValueError – if the given parameter could not be found as an estimable parameter.










	
get_parameter_estimable_index_by_name(model_param_name)

	Get the index of this parameter in the parameters list

This returns the position of this parameter in the ‘x’, parameter vector in the CL kernels.


	Parameters

	model_param_name (str) – the model parameter name



	Returns

	the index of the requested parameter in the list of optimized parameters



	Return type

	int



	Raises

	ValueError – if the given parameter could not be found as an estimable parameter.










	
get_parameter_value(parameter_name)

	Get the parameter value for the given parameter. This is regardless of model fixation.


	Returns

	the value for the given parameter



	Return type

	float or ndarray










	
get_protocol_parameter_by_name(protocol_name)

	Get the first instance of a protocol parameter that matches the given name.


	Parameters

	protocol_name (str) – the protocol parameter name for which we want the corresponding parameter object.



	Returns

	the parameter matching the protocol name



	Return type

	ProtocolParameter










	
get_unique_protocol_parameters()

	Gets the unique protocol parameters from the model listing.

This does not return the corresponding compartment model, only the parameters.


	Returns

	the list of protocol parameters



	Return type

	List[ProtocolParameter]










	
get_value_fixed_parameters_list(exclude_priors=False)

	Gets a list (as model, parameter tuples) of all parameters that are fixed to a value.


	Parameters

	exclude_priors (boolean) – if we want to exclude the parameters for the priors



	Returns

	the list of value fixed parameters



	Return type

	list of tuple










	
get_weights()

	Get all the model functions/parameter tuples of the models that are a subclass of WeightType


	Returns

	the list of compartment models that are a subclass of WeightType as (model, parameter) tuples.



	Return type

	list










	
has_parameter(model_param_name)

	Check to see if the given parameter is defined in this model.


	Parameters

	model_param_name (string) – A model.param name like ‘Ball.d’



	Returns

	true if the parameter is defined in this model, false otherwise.



	Return type

	boolean










	
has_protocol_parameter(parameter_name)

	Check if the model has the given protocol parameter defined.


	Parameters

	parameter_name (str) – the protocol parameter name.



	Returns

	true if the given protocol parameter is defined in the model.



	Return type

	boolean










	
is_fixed(parameter_name)

	Check if the given (free) parameter is fixed or not (either to a value or to a dependency).


	Parameters

	parameter_name (str) – the name of the parameter to check if it is fixed, in dot format.



	Returns

	if the parameter is fixed or not (can be fixed to a value or dependency).



	Return type

	boolean










	
is_fixed_to_dependency(model, param)

	Check if the given model and parameter name combo has a dependency.


	Parameters

	
	model (mdt.model_building.model_functions.ModelCLFunction) – the model function


	param (mot.cl_parameter.CLFunctionParameter) – the parameter






	Returns

	if the given parameter has a dependency



	Return type

	boolean










	
is_fixed_to_value(parameter_name)

	Check if the given (free) parameter is fixed to a value.


	Parameters

	parameter_name (str) – the name of the parameter to check if it is fixed, in dot format.



	Returns

	if the parameter is fixed to a value or not



	Return type

	boolean










	
is_parameter_estimable(model, param)

	Check if the given model parameter is estimable.

A parameter is estimable if it is of the Free parameter type and is not fixed.


	Parameters

	
	model (mdt.model_building.model_functions.ModelCLFunction) – the model function


	param (mot.cl_parameter.CLFunctionParameter) – the parameter






	Returns

	true if the parameter is estimable, false otherwise



	Return type

	boolean










	
set_parameter_value(parameter_name, value)

	Set the value we will use for the given parameter.

If the parameter is a fixed free parameter we will set the fixed value to the given value.


	Parameters

	
	parameter_name (string) – A model.param name like ‘Ball.d’


	value (scalar or vector or string or AbstractParameterDependency) – The value or dependency
to fix the given parameter to. Dependency objects and strings are only value for fixed free parameters.













	
unfix(parameter_name)

	Unfix the indicated parameter


	Parameters

	parameter_name (str) – the name of the parameter to fix or unfix














	
class mdt.models.composite.ProtocolAdaptionCallbacks

	Bases: object

Information container for the protocol adaption callbacks.

During model evaluation, it may be necessary to apply a transformation on some or all of the protocol
inputs. For example, this allows loading the gradient deviations as a matrix that transforms the gradient
vector just prior to model evaluation. The alternative would be to load the transformed protocol
parameters directly as protocol values, which can be costly, hence these callback functions.


	
get_callback_function()

	Get the CL callback function we will execute just prior model evaluation.

The parameters of this callback function should be as follows. First the list of protocol parameter names,
second the list of kernel input data elements and finally an uint for the current observation index.


	Returns

	the CL function we will use



	Return type

	CLFunction










	
get_kernel_input_data()

	Get the additional kernel input data needed for this proposal callback to work.


	Returns

	additional kernel input data



	Return type

	Dict[str, KernelData]










	
get_protocol_parameter_names()

	Get the names of the protocol parameters need for this proposal adaption callback.


	Returns

	the list of protocol parameters needed



	Return type

	List[str]














	
class mdt.models.composite.SamplingPostProcessingData(samples, param_names, fixed_parameters)

	Bases: collections.abc.Mapping

Stores the sample output for use in the model defined post-processing routines.

In general, this class acts as a dictionary with as keys the parameter names (as <compartment>.<parameter>).
Each value may be a scalar, a 1d map or a 2d set of samples. Additional object attributes can also be used
by the post-processing routines.


	Parameters

	
	samples (ndarray) – a matrix of shape (d, p, n) with d problems, p parameters and n samples


	param_names (list of str) – the list containing the names of the parameters in the samples array


	fixed_parameters (dict) – for every fixed parameter the fixed values (either a scalar or a map).









	
fixed_parameters

	Get the dictionary with all the fixed parameter values.


	Returns

	the names and values of the fixed parameters



	Return type

	dict










	
sampled_parameter_names

	Get the names of the parameters that have been sampled.


	Returns

	the names of the parameters in the samples.



	Return type

	list of str










	
samples

	Get the array of samples as returned by the sample routine.

For the names of the corresponding parameters, please see sampled_parameter_names.


	Returns

	a matrix of shape (d, p, n) with d problems, p parameters and n samples.



	Return type

	ndarray














	
mdt.models.composite.calculate_dependent_parameters(kernel_data, estimated_parameters_list, parameters_listing, dependent_parameter_names, cl_runtime_info=None)

	Calculate the dependent parameters

Some of the models may contain parameter dependencies. We would like to return the maps for these parameters
as well as all the other maps. Since the dependencies are specified in CL, we have to recourse to CL to
calculate these maps.

This uses the calculated parameters in the results dictionary to run the parameters_listing in CL to obtain
the maps for the dependent parameters.


	Parameters

	
	(dict[str (kernel_data) – mot.lib.utils.KernelData]): the list of additional data to load


	estimated_parameters_list (list of ndarray) – The list with the one-dimensional
ndarray of estimated parameters


	parameters_listing (str) – The parameters listing in CL


	dependent_parameter_names (list of list of str) – Per parameter we would like to obtain the CL name and the
result map name. For example: ((‘Wball_w’, ‘Wball.w’),)


	cl_runtime_info (mot.configuration.CLRuntimeInfo [https://mot.readthedocs.io/en/latest/mot.html#mot.configuration.CLRuntimeInfo]) – the runtime information






	Returns

	A dictionary with the calculated maps for the dependent parameters.



	Return type

	dict
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mdt.visualization.maps package


Submodules




mdt.visualization.maps.base module


	
class mdt.visualization.maps.base.Clipping(vmin=0, vmax=0, use_min=False, use_max=False)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for the map clipping information


	
apply(data)

	Apply the clipping to the given 2d array and return the new array.


	Parameters

	data (ndarray) – the data to clip










	
get_updated(**kwargs)

	Get a new Clipping object with updated arguments.


	Parameters

	**kwargs (dict) – the new keyword values, when given these take precedence over the current ones.



	Returns

	a new scale with updated values.



	Return type

	Clipping










	
visible_changes(old_clipping)

	Checks if there are any visible changes between this clipping and the other.

This method can implement knowledge that allows the visualization routine to check if it
would need to update the plot or not.

It expects that the clipping you wish to use is the one on which this method is called.


	Parameters

	old_clipping (Clipping) – the previous clipping



	Returns

	if the differences between this clipping and the other would result in visible differences.



	Return type

	bool














	
class mdt.visualization.maps.base.ColorbarSettings(visible=None, nmr_ticks=None, location=None, power_limits=None, round_precision=None)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for all colorbar related settings.


	Parameters

	
	visible (boolean) – if the colorbar is to be shown


	nmr_ticks (int) – the number of ticks


	location (str) – the location of the colorbar, one of ‘right’, ‘left’, ‘top’ or ‘bottom’


	power_limits (tuple) – size thresholds for scientific notation. The default is (-3, 4) which uses scientific
notation for numbers less than 1e-3 or greater than 1e4.


	round_precision (int) – how much digits (precision) after the decimal point.









	
static get_default()

	




	
get_preferred(attr, other_settings=None)

	Get the preferred value for the requested attribute.

Other settings is a list of other colorbar settings object that are asked for the preferred value (in turn),
if the value of this object is None.

As a fallback, this will always use the default colorbar settings ColorbarSettings.get_default() as a final
default.


	Parameters

	
	attr (str) – the attribute requested


	other_settings (list of ColorbarSettings) – other settings to try.






	Returns

	the value of the requested object



	Return type

	object














	
class mdt.visualization.maps.base.ConvertibleConfig

	Bases: object

Base class for convertible configuration containers.

Objects implementing this interface return a conversion specification that describes how the implementing
class can be converted to and from a simple dictionary containing only primitives and simple
data structures.


	
classmethod get_conversion_info()

	Get the conversion specification information for this class.


	Returns

	the conversion specification



	Return type

	mdt.visualization.dict_conversion.ConversionSpecification














	
class mdt.visualization.maps.base.DataInfo

	Bases: object

Information about the maps we are viewing.


	
get_bounding_box(dimension, slice_index, volume_index, rotate, map_names=None)

	Get the bounding box of the images.


	Parameters

	
	dimension (int) – the dimension to search in


	slice_index (int) – the slice index in that dimension


	volume_index (int) – the current volume index


	rotate (int) – the angle by which to rotate the image before getting the bounding box


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	
	two points designating the upper left corner and the lower right corner of the

	bounding box.









	Return type

	tuple of Point2d










	
get_file_path(map_name)

	Get the file name of the given map


	Returns

	None if the map could not be found on dir, else a string with the file path.










	
get_file_paths()

	Get the file paths to each of the maps.

If one of the maps does not have a file path, None is returned.


	Returns

	mapping map names to the file paths for each of the maps in this information container.



	Return type

	dict










	
get_index_first_non_zero_slice(dimension, map_names=None)

	Get the index of the first non zero slice in the maps.


	Parameters

	
	dimension (int) – the dimension to search in


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the slice index with the first non zero values.



	Return type

	int










	
get_map_data(map_name)

	Get the data for the indicated map.


	Parameters

	map_name (str) – the name of the map we want the data of



	Returns

	the data of the given map



	Return type

	ndarray










	
get_map_names()

	Get a list of the names of all the maps in this data info object.


	Returns

	the list of map names



	Return type

	list










	
get_max_dimension(map_names=None)

	Get the minimum of the maximum dimension index over the maps


	Parameters

	map_names (list of str) – if given we will only scan the given list of maps



	Returns

	either, 0, 1, 2 as the maximum dimension index in the maps.



	Return type

	int










	
get_max_slice_index(dimension, map_names=None)

	Get the maximum slice index in the given map on the given dimension.


	Parameters

	
	dimension (int) – the dimension we want the slice index of (maximum 3)


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the minimum of the maximum slice indices over the given maps in the given dimension.



	Return type

	int










	
get_max_volume_index(map_names=None)

	Get the maximum volume index in the given maps.

In contrast to the max dimension and max slice index functions, this gives the maximum over all the
images. This since handling different volumes is implemented in the viewer.


	Parameters

	map_names (list of str) – if given we will only scan the given list of maps



	Returns

	the maximum volume index in the given list of maps. Starts from 0.



	Return type

	int










	
get_max_x_index(dimension, rotate=0, map_names=None)

	Get the maximum x index supported over the images.

In essence this gets the lowest x index found.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the rotation factor by which we rotate the slices within the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the maximum x-index found.



	Return type

	int










	
get_max_y_index(dimension, rotate=0, map_names=None)

	Get the maximum y index supported over the images.

In essence this gets the lowest y index found.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the rotation factor by which we rotate the slices within the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the maximum y-index found.



	Return type

	int










	
get_single_map_info(map_name)

	Get an information object for a single map.


	Parameters

	map_name (str) – the name of the map we want information about



	Returns

	information object about that map



	Return type

	SingleMapInfo










	
slice_has_data(dimension, slice_index, map_names=None)

	Check if at least one of the maps has non zero numbers on the given slice.


	Parameters

	
	dimension (int) – the dimension to search in


	slice_index (int) – the index of the slice in the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	true if at least on of the maps has data in the given slice



	Return type

	bool














	
class mdt.visualization.maps.base.Font(family='sans-serif', size=14)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Information about the font to use


	Parameters

	
	family – the name of the font to use


	size – the size of the font (> 0).









	
classmethod font_names()

	Get the name of supported fonts


	Returns

	the name of the supported fonts and font families.



	Return type

	list of str










	
get_updated(**kwargs)

	Get a new Font object with updated arguments.


	Parameters

	**kwargs (dict) – the new keyword values, when given these take precedence over the current ones.



	Returns

	a new Font with updated values.



	Return type

	Font










	
name

	








	
class mdt.visualization.maps.base.MapPlotConfig(dimension=2, slice_index=0, volume_index=0, rotate=90, colormap='hot', colormap_masked_color=None, maps_to_show=None, font=None, grid_layout=None, show_axis=False, show_titles=True, zoom=None, map_plot_options=None, interpolation='bilinear', flipud=None, title=None, title_spacing=None, mask_name=None, colorbar_settings=None, annotations=None)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for all plot related settings.


	Parameters

	
	dimension (int) – the dimension we are viewing


	slice_index (int) – the slice in the dimension we are viewing


	volume_index (int) – in the case of multiple volumes (4th dimension) which index we are in.


	rotate (int) – the rotation factor, multiple of 90. By default we rotate 90 degrees to
show most in-vivo datasets in a natural way.


	colormap (str) – the name of the colormap to use


	colormap_masked_color (str) – the color for masked, NaN and infinity values.


	maps_to_show (list of str) – the names of the maps to show


	font (int) – the font settings


	grid_layout (GridLayout) – the layout of the grid


	show_axis (bool) – if we show the axis or not


	show_titles (boolean) – the global setting for enabling/disabling the plot titles


	zoom (Zoom) – the zoom setting for all the plots


	map_plot_options (dict of SingleMapConfig) – per map the map specific plot options


	interpolation (str) – one of the available interpolations


	flipud (boolean) – if True we flip the image upside down


	title (str) – the title to this plot


	title_spacing (float) – the spacing between the top of the plots and the title


	mask_name (str) – the name of the mask to apply to the maps prior to display


	annotations (list of VoxelAnnotation) – the voxel annotations


	colorbar_settings (ColorbarSettings) – all colorbar related settings









	
create_valid(data_info)

	Creates a new configuration object with valid values.


	Parameters

	data_info (mdt.visualization.maps.base.DataInfo) – the data information



	Returns

	a valid map plot configuration



	Return type

	MapPlotConfig










	
classmethod from_dict(config_dict)

	




	
classmethod from_yaml(text)

	




	
classmethod get_available_colormaps()

	




	
classmethod get_available_interpolations()

	




	
static get_default_values()

	




	
to_dict(non_default_only=False)

	Export this configuration to a dictionary


	Parameters

	non_default_only (boolean) – if True, we will only export those options that are not set to their default.



	Returns

	dict representation of the data



	Return type

	dict










	
to_yaml(non_default_only=False)

	Convert this configuration to a YAML string.


	Parameters

	non_default_only (boolean) – if True, we will only export those options that are not set to their default.



	Returns

	a YAML representation of this configuration.



	Return type

	str










	
validate(data_info)

	Check if this configuration is valid given the provided data.


	Parameters

	data_info (mdt.visualization.maps.base.DataInfo) – the data information



	Raises

	Exception – can raise multiple sorts of exceptions if this config is not valid given the data.










	
visible_changes(old_config)

	Checks if there are any visible changes between this configuration and the other.

This method can implement knowledge that allows the visualization routine to check if it
would need to update the plot or not.

It expects that the configuration you wish to display is the one on which this method is called.


	Parameters

	old_config (MapPlotConfig) – the previous configuration



	Returns

	if the differences between this configuration and the other would result in visible differences.



	Return type

	bool














	
class mdt.visualization.maps.base.Point2d(x, y)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for a single point


	
get_updated(**kwargs)

	Get a new Point2d with updated arguments.


	Parameters

	**kwargs (dict) – the new keyword values, when given these take precedence over the current ones.



	Returns

	a new scale with updated values.



	Return type

	Point2d










	
rotate90(nmr_rotations)

	Rotate this point around a 90 degree angle


	Parameters

	nmr_rotations (int) – the number of 90 degree rotations, can be negative



	Returns

	the rotated point



	Return type

	Point2d














	
class mdt.visualization.maps.base.Scale(vmin=0, vmax=0, use_min=False, use_max=False)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container the map scaling information


	
get_updated(**kwargs)

	Get a new Scale object with updated arguments.


	Parameters

	**kwargs (dict) – the new keyword values, when given these take precedence over the current ones.



	Returns

	a new scale with updated values.



	Return type

	Scale










	
visible_changes(old_scale)

	Checks if there are any visible changes between this scale and the other.

This method can implement knowledge that allows the visualization routine to check if it
would need to update the plot or not.

It expects that the scale you wish to use is the one on which this method is called.


	Parameters

	old_scale (Scale) – the previous scale



	Returns

	if the differences between this scale and the other would result in visible differences.



	Return type

	bool














	
class mdt.visualization.maps.base.SimpleConvertibleConfig

	Bases: object

Offers an simplified implementation of convertible configs.

In addition to slightly simplifying the creation of the conversion specification, it also implements
object equality checking (__eq__ and__ne__) as this is commonly used in the configuration objects,
and it offers a default representation (__repr__) implementation based on the conversion specification.


	
classmethod get_conversion_info()

	








	
class mdt.visualization.maps.base.SimpleDataInfo(maps)

	Bases: mdt.visualization.maps.base.DataInfo

A container for basic information about the volume maps we are viewing.


	Parameters

	maps (dict) – the dictionary with the maps to view, these maps can either be arrays with values,
nibabel proxy images or SingleMapInfo objects.






	
classmethod from_paths(paths)

	Load all the nifti files from the given paths.

For paths that are directories we load all the elements inside that directory (but without recursion).


	Parameters

	of str (list) – the list of paths to load (directories and files)



	Returns

	the simple data info



	Return type

	SimpleDataInfo










	
get_bounding_box(dimension, slice_index, volume_index, rotate, map_names=None)

	Get the bounding box of the images.


	Parameters

	
	dimension (int) – the dimension to search in


	slice_index (int) – the slice index in that dimension


	volume_index (int) – the current volume index


	rotate (int) – the angle by which to rotate the image before getting the bounding box


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	
	two point designating first the upper left corner and second the lower right corner of the

	bounding box.









	Return type

	tuple of Point










	
get_file_path(map_name)

	Get the file name of the given map


	Returns

	None if the map could not be found on dir, else a string with the file path.










	
get_file_paths()

	Get the file paths to each of the maps.

If one of the maps does not have a file path, None is returned.


	Returns

	mapping map names to the file paths for each of the maps in this information container.



	Return type

	dict










	
get_index_first_non_zero_slice(dimension, map_names=None)

	Get the index of the first non zero slice in the maps.


	Parameters

	
	dimension (int) – the dimension to search in


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the slice index with the first non zero values.



	Return type

	int










	
get_map_data(map_name)

	Get the data for the indicated map.


	Parameters

	map_name (str) – the name of the map we want the data of



	Returns

	the data of the given map



	Return type

	ndarray










	
get_map_names()

	Get a list of the names of all the maps in this data info object.


	Returns

	the list of map names



	Return type

	list










	
get_max_dimension(map_names=None)

	Get the minimum of the maximum dimension index over the maps


	Parameters

	map_names (list of str) – if given we will only scan the given list of maps



	Returns

	either, 0, 1, 2 as the maximum dimension index in the maps.



	Return type

	int










	
get_max_slice_index(dimension, map_names=None)

	Get the maximum slice index in the given map on the given dimension.


	Parameters

	
	dimension (int) – the dimension we want the slice index of (maximum 3)


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the minimum of the maximum slice indices over the given maps in the given dimension.



	Return type

	int










	
get_max_volume_index(map_names=None)

	Get the maximum volume index in the given maps.

In contrast to the max dimension and max slice index functions, this gives the maximum over all the
images. This since handling different volumes is implemented in the viewer.


	Parameters

	map_names (list of str) – if given we will only scan the given list of maps



	Returns

	the maximum volume index in the given list of maps. Starts from 0.



	Return type

	int










	
get_max_x_index(dimension, rotate=0, map_names=None)

	Get the maximum x index supported over the images.

In essence this gets the lowest x index found.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the rotation factor by which we rotate the slices within the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the maximum x-index found.



	Return type

	int










	
get_max_y_index(dimension, rotate=0, map_names=None)

	Get the maximum y index supported over the images.

In essence this gets the lowest y index found.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the rotation factor by which we rotate the slices within the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	the maximum y-index found.



	Return type

	int










	
get_single_map_info(map_name)

	Get an information object for a single map.


	Parameters

	map_name (str) – the name of the map we want information about



	Returns

	information object about that map



	Return type

	SingleMapInfo










	
get_updated(updates=None, removals=None)

	Get a new simple data info object that includes the given new maps.

In the case of double map names the old maps are overwritten.


	Parameters

	
	updates (dict) – the dictionary with the maps to view, these maps can either be arrays with values,
nibabel proxy images or SingleMapInfo objects.


	removals (list) – a list of maps to remove






	Returns

	a new updated data info object



	Return type

	SimpleDataInfo










	
slice_has_data(dimension, slice_index, map_names=None)

	Check if at least one of the maps has non zero numbers on the given slice.


	Parameters

	
	dimension (int) – the dimension to search in


	slice_index (int) – the index of the slice in the given dimension


	map_names (list of str) – if given we will only scan the given list of maps






	Returns

	true if at least on of the maps has data in the given slice



	Return type

	bool














	
class mdt.visualization.maps.base.SingleMapConfig(title=None, scale=None, clipping=None, colormap=None, colormap_masked_color=None, colorbar_label=None, show_title=None, title_spacing=None, mask_name=None, interpret_as_colormap=False, colormap_weight_map=None, colormap_order=None, colorbar_settings=None)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Creates the configuration for a single map plot.


	Parameters

	
	title (str) – the title of this plot, can contain latex using the matplotlib latex syntax


	scale (Scale) – the scaling for the values in this map


	clipping (Clipping) – the clipping to apply to the values prior to plotting


	colormap (str) – the matplotlib colormap to use


	colormap_masked_color (str) – the color for masked, NaN and infinity values.


	colorbar_label (str) – the label for the colorbar


	show_title (boolean) – if we want to show the title or not


	title_spacing (float) – the spacing between the top of the plots and the title


	mask_name (str) – the name of the mask used to mask the data prior to visualization


	interpret_as_colormap (boolean) – if this is set to True and the referring map is a 4d volume with
a vector of length 3 on the last dimension, then we can interpret this map as a colormap. This means
that the elements of the last dimensions are used as (R, G, B) scalar values.


	colormap_weight_map (str) – the name of another map to use as a scaling factor for this map. This is only
used when interpret_as_colormap is set to True. This scales this map with the specified weight map.


	colormap_order (str) – only used if interpret_as_colormap is used. This defines the order of the RGB
components of the data. Valid strings are permutations of the letters RGB.


	colorbar_settings (ColorbarSettings) – all colorbar related settings









	
classmethod from_dict(config_dict)

	




	
classmethod from_yaml(text)

	




	
classmethod get_available_colormaps()

	




	
static get_default_values()

	




	
to_dict(non_default_only=False)

	Export this configuration to a dictionary


	Parameters

	non_default_only (boolean) – if True, we will only export those options that are not set to their default.



	Returns

	dict representation of the data



	Return type

	dict










	
to_yaml(non_default_only=False)

	Convert this configuration to a YAML string.


	Parameters

	non_default_only (boolean) – if True, we will only export those options that are not set to their default.



	Returns

	a YAML representation of this configuration.



	Return type

	str










	
validate(data_info)

	




	
visible_changes(old_config)

	Checks if there are any visible changes between this configuration and the other.

This method can implement knowledge that allows the visualization routine to check if it
would need to update the plot or not.

It expects that the configuration you wish to display is the one on which this method is called.


	Parameters

	old_config (SingleMapConfig) – the previous configuration



	Returns

	if the differences between this configuration and the other would result in visible differences.



	Return type

	bool














	
class mdt.visualization.maps.base.SingleMapInfo(data, file_path=None)

	Bases: object

Holds information about a single map.


	Parameters

	
	data (ndarray or nibabel.spatialimages.SpatialImage) – the value of the map or the proxy to it


	file_path (str) – optionally, the file path with the location of this map.
If not set we try to retreive it from the data if the data is of subclass
mdt.lib.nifti.NiftiInfoDecorated.









	
data

	




	
file_path

	




	
classmethod from_file(nifti_path)

	




	
get_bounding_box(dimension, slice_index, volume_index, rotate)

	Get the bounding box of this map when displayed using the given indicing.

This only works if the edges of the images are exactly zero, that is, it only works with masked datasets.


	Parameters

	
	dimension (int) – the dimension to search in


	slice_index (int) – the slice index in that dimension


	volume_index (int) – the current volume index


	rotate (int) – the angle by which to rotate the image before getting the bounding box






	Returns

	
	two point designating first the upper left corner and second the lower right corner of the

	bounding box.









	Return type

	tuple of Point










	
get_index_first_non_zero_slice(dimension)

	Get the index of the first non zero slice in this map.


	Parameters

	dimension (int) – the dimension to search in



	Returns

	the slice index with the first non zero values.



	Return type

	int










	
get_max_x_index(dimension, rotate=0)

	Get the maximum x index.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the value by which to rotate the slices in the given dimension






	Returns

	the maximum x index



	Return type

	int










	
get_max_y_index(dimension, rotate=0)

	Get the maximum y index.


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the value by which to rotate the slices in the given dimension






	Returns

	the maximum y index



	Return type

	int










	
get_size_in_dimension(dimension, rotate=0)

	Get the shape of the 2d view on the data in the given dimension.

This basically returns a pair of (max_x, max_y).


	Parameters

	
	dimension (int) – the dimension to search in


	rotate (int) – the value by which to rotate the slices in the given dimension






	Returns

	(max_x, max_y)



	Return type

	tuple










	
has_nan()

	Check if this data has any NaNs in it.


	Returns

	True if there are NaN’s anywhere in the data, false otherwise.



	Return type

	boolean










	
max(mask=None)

	Get the maximum value in this data.

If a mask is provided we get the maximum value within the given mask.


	Parameters

	mask (ndarray) – the mask, we only include elements for which the mask > 0



	Returns

	the maximum value



	Return type

	float










	
max_dimension()

	Get the maximum dimension index in this map.

The maximum value returned by this method is 2 and the minimum is 0.


	Returns

	in the range 0, 1, 2



	Return type

	int










	
max_slice_index(dimension)

	Get the maximum slice index on the given dimension.


	Parameters

	dimension (int) – the dimension we want the slice index of (maximum 3)



	Returns

	the maximum slice index in the given dimension.



	Return type

	int










	
max_volume_index()

	Get the maximum volume index in this map.

The minimum is 0.


	Returns

	the maximum volume index.



	Return type

	int










	
min(mask=None)

	Get the minimum value in this data.

If a mask is provided we get the minimum value within the given mask.


	Parameters

	mask (ndarray) – the mask, we only include elements for which the mask > 0



	Returns

	the minimum value



	Return type

	float










	
min_max(mask=None)

	Get the minimum and maximum value in this data.

If a mask is provided we get the min and max value within the given mask.

Infinities and NaN’s are ignored by this algorithm.


	Parameters

	mask (ndarray) – the mask, we only include elements for which the mask > 0



	Returns

	(min, max) the minimum and maximum values



	Return type

	tuple










	
shape

	




	
slice_has_data(dimension, slice_index)

	Check if this map has non zero values in the given slice index.


	Parameters

	
	dimension (int) – the dimension we want the slice index of (maximum 3)


	slice_index (int) – the slice index to look in






	Returns

	the maximum slice index in the given dimension.



	Return type

	int














	
class mdt.visualization.maps.base.VoxelAnnotation(voxel_index, font_size=None, text_template=None, marker_size=1, text_location='upper left', text_distance=0.05, arrow_width=1)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for all voxel highlighting settings.


	Parameters

	
	voxel_index (tuple) – a tuple with the voxel index location


	font_size (int) – the size of the annotation text


	text_template (str) – the text template, can use the placeholders {voxel_index} and {value}.


	marker_size (float) – the rectangular size of the voxel marker


	text_location (str) – the location of the text. Valid items are:
upper left, top left, upper right, top right, bottom right, lower right,
bottom left, lower left, north, south, east, west, top, bottom, left
, right.


	text_distance (float) – the distance of the textbox to the marker in relative coordinates (0, 1).


	arrow_width (float) – the width of the arrow









	
valid_text_locations = ['upper left', 'top left', 'upper right', 'top right', 'bottom right', 'lower right', 'bottom left', 'lower left', 'north', 'south', 'east', 'west', 'top', 'bottom', 'left', 'right']

	




	
validate(data_info)

	








	
class mdt.visualization.maps.base.Zoom(p0, p1)

	Bases: mdt.visualization.maps.base.SimpleConvertibleConfig

Container for zooming a map between the two given points.


	Parameters

	
	p0 (Point2d) – the lower left corner of the zoomed area


	p1 (Point2d) – the upper right corner of the zoomed area









	
apply(data)

	Apply the zoom to the given 2d array and return the new array.


	Parameters

	data (ndarray) – the data to zoom in on










	
classmethod from_coords(x0, y0, x1, y1)

	




	
get_rotated(rotation, x_dimension, y_dimension)

	Return a new Zoom instance rotated with the given factor.

This rotates the zoom box in the same way as the image is rotated.


	Parameters

	
	rotation (int) – the rotation by which to rotate in steps of 90 degrees


	x_dimension (int) – the dimension of the image in the x coordinate


	y_dimension (int) – the dimension of the image in the y coordinate






	Returns

	the rotated instance



	Return type

	Zoom










	
classmethod no_zoom()

	










mdt.visualization.maps.matplotlib_renderer module


	
class mdt.visualization.maps.matplotlib_renderer.AxisData(axis, map_name, map_info, plot_config)

	Bases: object

Contains a reference to a drawn matpotlib axis and to the accompanying data.


	Parameters

	
	axis (Axis) – the matpotlib axis


	map_name (str) – the name/key of this map


	map_info (mdt.visualization.maps.base.SingleMapInfo) – the map information


	plot_config (mdt.visualization.maps.base.MapPlotConfig) – the map plot configuration









	
coordinates_to_index(x, y)

	Converts data coordinates to index coordinates of the array.


	Parameters

	
	x (int) – The x-coordinate in data coordinates.


	y (int) – The y-coordinate in data coordinates.









	Returns

	tuple: Index coordinates of the map associated with the image (x, y, z, d).










	
get_value(index)

	Get the value of this axis data at the given index.


	Parameters

	index (tuple)) – the 3d or 4d index to the map corresponding to this axis data (x, y, z, [v])



	Returns

	the value at the given index.



	Return type

	float














	
class mdt.visualization.maps.matplotlib_renderer.MapsVisualizer(data_info, figure)

	Bases: object


	
render(plot_config)

	Render all the maps to the figure. This is for use in GUI embedded situations.


	Returns

	the list with the drawn axes and the accompanying data



	Return type

	list of AxisData










	
show(plot_config, block=True, maximize=False, window_title=None)

	Show the data contained in this visualizer using the specifics in this function call.


	Parameters

	
	plot_config (mdt.visualization.maps.base.MapPlotConfig) – the plot configuration


	block (boolean) – If we want to block after calling the plots or not. Set this to False if you
do not want the routine to block after drawing. In doing so you manually need to block.


	maximize (boolean) – if we want to display the window maximized or not


	window_title (str) – the title of the window. If None, the default title is used













	
to_file(file_name, plot_config, **kwargs)

	Renders the figures to the given filename.










	
class mdt.visualization.maps.matplotlib_renderer.Renderer(data_info, figure, plot_config)

	Bases: object

Create a new renderer for the given volumes on the given figure using the given configuration.

This renders the images with flipped upside down with the origin at the bottom left. The upside down flip
is necessary to allow counter-clockwise rotation.


	Parameters

	
	data_info (DataInfo) – the information about the maps to show


	figure (Figure) – the matplotlib figure to draw on


	plot_config (mdt.visualization.maps.base.MapPlotConfig) – the plot configuration









	
render()

	Render the maps












mdt.visualization.maps.utils module


	
mdt.visualization.maps.utils.find_all_nifti_files(paths)

	Find the paths to the nifti files in the given paths.

For directories we add all the nifti files from that directory, for file we try to resolve them to nifti files.


	Parameters

	paths (list of str) – the list of file paths



	Returns

	the list of all nifti files (no more directories)



	Return type

	list of str










	
mdt.visualization.maps.utils.get_shortest_unique_names(paths)

	Get the shortest unique map name between two or more nifti file paths.

This function is useful when loading multiple maps like for example ./foo.nii and ./foo.nii.gz or
../directory0/foo.nii and ../directory1/foo.nii. In all cases the map name (foo) is similar,
but we want to be able to show them distinctly. This function tries to find the shortest unique map names
for each of the maps.

Example output:
* [./foo.nii] -> foo
* [./foo.nii, ./foo.nii.gz] -> [foo.nii, foo.nii.gz]
* [../directory0/foo.nii, ../directory1/foo.nii] -> [directory0/foo, directory1/foo]


	Parameters

	paths (list of str) – the paths to the different nifti files



	Returns

	the map names for the given set of paths (in the same order)



	Return type

	tuple
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mdt.visualization.dict_conversion module


	
class mdt.visualization.dict_conversion.BooleanConversion(allow_null=True)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion






	
class mdt.visualization.dict_conversion.ConversionSpecification

	Bases: object

Specifies how the content of an object is to be converted from and to a dictionary.


	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.ConvertDictElements(conversion_type)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Converts all the elements in the value (a dictionary) using the given conversion type.


	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.ConvertDynamicFromModule(module)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Performs dynamic lookup by loading the class from the given module.

This requires that the class we are dynamically loading has a get_conversion_info() class method that
returns the conversion specification for that class.


	Parameters

	module (module) – the python module to use for loading the data from dict






	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.ConvertListElements(conversion_type)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Converts all the elements in the value (a list) using the given conversion type.


	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.FloatConversion(allow_null=True)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion






	
class mdt.visualization.dict_conversion.IntConversion(allow_null=True)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion






	
class mdt.visualization.dict_conversion.OptionalConversionDecorator(conversion_specification)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Makes the conversion optional by testing against None.

If the element to convert is None, we will return None as a conversion. If the element to convert is not None
we will convert it according to the conversion specified.

This holds for both to- and from- dict.


	Parameters

	conversion_specification (ConversionSpecification) – the conversion specification to use if the element
to convert is not None.






	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.SimpleClassConversion(class_type, attribute_conversions)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Converts a dictionary to and from the specified class.


	Parameters

	
	class_type (type) – the type of class to convert to


	attribute_conversions (List[ConversionSpecification]) – attributes









	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.SimpleDictConversion(conversion_func=None, allow_null=True, set_null_to_value=None)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion

Converts all the objects in the given dict.


	Parameters

	
	conversion_func (Func) – if not None we cast the from_dict value to the given type


	allow_null (bool) – if True we allow None during type casting


	set_null_to_value (obj) – the value to set null entries to. If this is None and allow_null is False we
raise an error.













	
class mdt.visualization.dict_conversion.SimpleFunctionConversion(conversion_func=None, allow_null=True, set_null_to_value=None)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Performs identity conversion between simple types.


	Parameters

	
	conversion_func (Func) – if not None we apply the given function before converting to and from the
dictionary. Can also be a type like int.


	allow_null (bool) – if True we allow None during type casting


	set_null_to_value (obj) – the value to set null entries to. If this is None and allow_null is False we
raise an error.









	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict














	
class mdt.visualization.dict_conversion.SimpleListConversion(conversion_func=None, allow_null=True, set_null_to_value=None)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion

Converts all the objects in the given list.


	Parameters

	
	conversion_func (Func) – if not None we cast the from_dict value to the given type


	allow_null (bool) – if True we allow None during type casting


	set_null_to_value (obj) – the value to set null entries to. If this is None and allow_null is False we
raise an error.













	
class mdt.visualization.dict_conversion.StringConversion(allow_null=True)

	Bases: mdt.visualization.dict_conversion.SimpleFunctionConversion






	
class mdt.visualization.dict_conversion.WhiteListConversion(white_list, default)

	Bases: mdt.visualization.dict_conversion.ConversionSpecification

Allow only elements from the given white list. If the element is not one of them, revert to the default.


	Parameters

	
	white_list (list of object) – list of allowable objects


	default – the default fallback object









	
from_dict(value)

	Generate a result value from the given dictionary


	Parameters

	value – the dictionary to convert back to a value



	Returns

	the value represented by the dict.



	Return type

	object










	
to_dict(obj)

	Convert the given value to a dictionary.


	Parameters

	obj – the value to convert to a dictionary



	Returns

	the resulting converted dictionary



	Return type

	dict
















mdt.visualization.layouts module


	
class mdt.visualization.layouts.AutoGridLayout(spacings=None)

	Bases: mdt.visualization.layouts.GridLayout


	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier














	
class mdt.visualization.layouts.GridLayout(spacings=None)

	Bases: object


	
classmethod get_conversion_info()

	




	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier














	
class mdt.visualization.layouts.GridLayoutSpecifier(gridspec, figure, positions=None)

	Bases: object

Create a grid layout specifier using the given gridspec and the given figure.


	Parameters

	
	gridspec (GridSpec) – the gridspec to use


	figure (Figure) – the figure to generate subplots for


	positions (list) – if given, a list with grid spec indices for every requested axis
can be logical indices or (x, y) coordinate indices (choose one and stick with it).









	
get_axis(index)

	








	
class mdt.visualization.layouts.LowerTriangular(padding=0, spacings=None)

	Bases: mdt.visualization.layouts.GridLayout

Create a lower triangular plot layout.


	Parameters

	
	padding (int) – normally we will construct the lower triangle from the top, like:

*
* *
* * *





If padding is enabled, we will pad as many images from the top as specified. For example, a padding of
1, with 5 images yields:

* *
* * *





Or a padding of 2 with 4 images:

  *
* * *








	spacings (dict) – the spacings around each plot









	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier














	
class mdt.visualization.layouts.Rectangular(rows=None, cols=None, spacings=None)

	Bases: mdt.visualization.layouts.GridLayout


	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier














	
class mdt.visualization.layouts.SingleColumn(spacings=None)

	Bases: mdt.visualization.layouts.GridLayout


	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier














	
class mdt.visualization.layouts.SingleRow(spacings=None)

	Bases: mdt.visualization.layouts.GridLayout


	
get_gridspec(figure, nmr_plots)

	Get the grid layout specifier for the given figure using the given number of plots.


	Parameters

	
	figure (Figure) – the figure to add the axis to


	nmr_plots (int) – the total number of plots






	Returns

	the specifier we can ask new subplot axis from



	Return type

	GridLayoutSpecifier
















mdt.visualization.samples module


	
class mdt.visualization.samples.SampleVisualizer(voxels)

	Bases: object


	
set_voxel(voxel_ind)

	




	
show(voxel_ind=0, names=None, maps_to_show=None, to_file=None, block=True, maximize=False, show_trace=True, nmr_bins=20, window_title=None, show_sliders=True, fit_gaussian=True, figure_options=None, sample_indices=None)

	Show the samples per voxel.


	Parameters

	
	voxel_ind (int) – the voxel to show the samples from.


	names (dict) – A list of names for the different maps. Use as {map_name: display_name} that is,
the key is the name of the map in the volumes dictionary and the display name is the string that will
be used as title for that map.


	maps_to_show (list) – A list of maps to show.
The items in this list must correspond to the keys in the volumes dictionary.


	to_file (string, optional, default None) – If to_file is not None it is supposed
to be a filename where the image will be saved.
If not set to None, nothing will be displayed, the results will directly be saved.
Already existing items will be overwritten.


	block (boolean) – If we want to block after calling the plots or not. Set this to False if you
do not want the routine to block after drawing. In doing so you manually need to block.


	maximize (boolean) – if we want to display the window maximized or not


	show_trace (boolean) – if we show the trace of each map or not


	nmr_bins (dict or int) – either a single value or one per map name


	show_sliders (boolean) – if we show the slider or not


	fit_gaussian (boolean) – if we fit and show a normal distribution (Gaussian) to the histogram or not


	window_title (str) – the title of the window. If None, the default title is used


	figure_options (dict) – 


	sample_indices (list) – the list of sample indices to use



















mdt.visualization.utils module
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	mdt.component_templates.compartment_models module

	mdt.component_templates.composite_models module

	mdt.component_templates.library_functions module

	mdt.component_templates.parameters module

	mdt.component_templates.utils module

	Module contents
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	Submodules

	mdt.gui.maps_visualizer.renderers.base module

	mdt.gui.maps_visualizer.renderers.matplotlib_renderer module
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	mdt.gui.model_fit.design.ui_about_dialog module
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mdt.configuration module

Contains the runtime configuration of MDT.

This consists of two parts, functions to get the current runtime settings and configuration actions to update these
settings. To set a new configuration, create a new ConfigAction and use this within a context environment
using config_context(). Example:

from mdt.configuration import YamlStringAction, config_context

config = '''
    optimization:
        general:
            name: 'Powell'
            settings:
                patience: 2
'''
with mdt.config_context(YamlStringAction(config)):
    mdt.fit_model(...)






	
class mdt.configuration.ActivePostProcessingLoader

	Bases: mdt.configuration.ConfigSectionLoader

Load the default settings for the post sample calculations.


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.ConfigAction

	Bases: object

Defines a configuration action for the use in a configuration context.

This should define an apply and an unapply function that sets and unsets the given configuration options.

The applying action needs to remember the state before applying the action.


	
apply()

	Apply the current action to the current runtime configuration.






	
unapply()

	Reset the current configuration to the previous state.










	
class mdt.configuration.ConfigSectionLoader

	Bases: object


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration










	
update(config_dict, updates)

	Update the given configuration dictionary with the values in the given updates dict.

This enables automating updating a configuration file. Updates are written in place.


	Parameters

	
	config_dict (dict) – the current configuration dict


	updates (dict) – the updated values to add to the given config dict.

















	
class mdt.configuration.LoggingLoader

	Bases: mdt.configuration.ConfigSectionLoader

Loader for the top level key logging.


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.OptimizationSettingsLoader

	Bases: mdt.configuration.ConfigSectionLoader

Loads the optimization section


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.OutputFormatLoader

	Bases: mdt.configuration.ConfigSectionLoader

Loader for the top level key output_format.


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.ProcessingStrategySectionLoader

	Bases: mdt.configuration.ConfigSectionLoader

Loads the config section processing_strategies


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.RuntimeSettingsLoader

	Bases: mdt.configuration.ConfigSectionLoader


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration










	
update(config_dict, updates)

	Update the given configuration dictionary with the values in the given updates dict.

This enables automating updating a configuration file. Updates are written in place.


	Parameters

	
	config_dict (dict) – the current configuration dict


	updates (dict) – the updated values to add to the given config dict.

















	
class mdt.configuration.SampleSettingsLoader

	Bases: mdt.configuration.ConfigSectionLoader

Loads the sample section


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.SetGeneralOptimizer(optimizer_name, settings=None)

	Bases: mdt.configuration.SimpleConfigAction


	
classmethod from_object(optimizer)

	








	
class mdt.configuration.SetGeneralSampler(sampler_name, settings=None)

	Bases: mdt.configuration.SimpleConfigAction






	
class mdt.configuration.SimpleConfigAction

	Bases: mdt.configuration.ConfigAction

Defines a default implementation of a configuration action.

This simple config implements a default apply() method that saves the current state and a default
unapply() that restores the previous state.

It is easiest to implement _apply() for extra actions.


	
apply()

	Apply the current action to the current runtime configuration.






	
unapply()

	Reset the current configuration to the previous state.










	
class mdt.configuration.TmpResultsDirSectionLoader

	Bases: mdt.configuration.ConfigSectionLoader

Load the section tmp_results_dir


	
load(value)

	Load the given configuration value into the current configuration.


	Parameters

	value – the value to use in the configuration














	
class mdt.configuration.VoidConfigAction

	Bases: mdt.configuration.ConfigAction

Does nothing. Meant as a container to not have to check for None’s everywhere.

Defines a configuration action for the use in a configuration context.

This should define an apply and an unapply function that sets and unsets the given configuration options.

The applying action needs to remember the state before applying the action.


	
apply()

	Apply the current action to the current runtime configuration.






	
unapply()

	Reset the current configuration to the previous state.










	
class mdt.configuration.YamlStringAction(yaml_str)

	Bases: mdt.configuration.SimpleConfigAction






	
mdt.configuration.config_context(config_action)

	Creates a temporary configuration context with the given config action.

This will temporarily alter the given configuration keys to the given values. After the context is executed
the configuration will revert to the original settings.

Example usage:

config = '''
    optimization:
        general:
            name: 'Nelder-Mead'
            options:
                patience: 10
'''
with mdt.config_context(mdt.configuration.YamlStringAction(config)):
    mdt.fit_model(...)





or, equivalently:

config = '''
    ...
'''
with mdt.config_context(config):
    ...





This loads the configuration from a YAML string and uses that configuration as the context.


	Parameters

	config_action (mdt.configuration.ConfigAction or str) – the configuration action to apply.
If a string is given we will use it using the YamlStringAction config action.










	
mdt.configuration.ensure_exists(keys)

	Ensure the given layer of keys exists.


	Parameters

	keys (list of str) – the positions to ensure exist










	
mdt.configuration.get_active_post_processing()

	Get the overview of active post processing switches.


	Returns

	
	a dictionary holding two dictionaries, one called ‘optimization’ and one called ‘sampling’.

	Both these dictionaries hold keys of elements to add to the respective post processing phase.









	Return type

	dict










	
mdt.configuration.get_config_dir()

	Get the location of the components.


	Returns

	the path to the components



	Return type

	str










	
mdt.configuration.get_config_option(option_name)

	Get the current configuration option for the given option name.


	Parameters

	option_name (list of str or str) – the name of the option, or a path to the option.



	Returns

	the raw configuration value defined for that option



	Return type

	object










	
mdt.configuration.get_general_optimizer_name()

	Get the name of the currently configured general optimizer


	Returns

	the name of the currently configured optimizer



	Return type

	str










	
mdt.configuration.get_general_optimizer_options()

	Get the settings of the currently configured general optimizer


	Returns

	the settings of the currently configured optimizer



	Return type

	dict










	
mdt.configuration.get_general_sampling_settings()

	Get the general sample settings.


	Returns

	the configured sampler for use in MDT



	Return type

	Sampler










	
mdt.configuration.get_logging_configuration_dict()

	Get the configuration dictionary for the logging.dictConfig().

MDT uses a few special logging configuration options to log to the files and GUI’s. These options are defined
using a configuration dictionary that this function returns.


	Returns

	the configuration dict for use with dictConfig of the Python logging modules



	Return type

	dict










	
mdt.configuration.get_model_config(model_name, config)

	Get from the given dictionary the config for the given model.

This tries to find the best match between the given config items (by key) and the given model name.


	Parameters

	
	model_name (str) – the name of the model we want to match.


	config (dict) – the config items with as keys a composite model regex






	Returns

	The config content of a matching key.










	
mdt.configuration.get_optimizer_for_model(model_name)

	Get the optimizer for this specific model.


	Parameters

	model_name (str) – the name of the composite model for which we want to get the optimizer to use.



	Returns

	the optimizer to use for optimizing the specific model



	Return type

	Optimizer










	
mdt.configuration.get_processing_strategy(processing_type, *args, **kwargs)

	Get the correct processing strategy for the given model.


	Parameters

	
	processing_type (str) – ‘optimization’, ‘sampling’ or any other of the
processing_strategies defined in the config


	*args – passed to the constructor of the loaded processing strategy.


	**kwargs – passed to the constructor of the loaded processing strategy.






	Returns

	the processing strategy to use for this model



	Return type

	ModelProcessingStrategy










	
mdt.configuration.get_section_loader(section)

	Get the section loader to use for the given top level section.


	Parameters

	section (str) – the section key we want to get the loader for



	Returns

	the config section loader for this top level section of the configuration.



	Return type

	ConfigSectionLoader










	
mdt.configuration.get_tmp_results_dir()

	Get the default tmp results directory.

This is the default directory for saving temporary computation results. Set to None to disable this and
use the model directory.


	Returns

	the tmp results dir to use during optimization and sample



	Return type

	str or None










	
mdt.configuration.gzip_optimization_results()

	Check if we should write the volume maps from the optimization gzipped or not.


	Returns

	True if the results of optimization computations should be gzipped, False otherwise.



	Return type

	boolean










	
mdt.configuration.gzip_sampling_results()

	Check if we should write the volume maps from the sample gzipped or not.


	Returns

	True if the results of sample computations should be gzipped, False otherwise.



	Return type

	boolean










	
mdt.configuration.load_builtin()

	Load the config file from the skeleton in mdt/data/mdt.conf






	
mdt.configuration.load_from_dict(config_dict)

	Load configuration options from a given dictionary.

Please note that this will change the global configuration, i.e. this is a persistent change. If you do not
want a persistent state change, consider using config_context() instead.


	Parameters

	config_dict (dict) – the dictionary from which to use the configurations










	
mdt.configuration.load_from_yaml(yaml_str)

	Can be called to use configuration options from a YAML string.

This will update the current configuration with the new options.

Please note that this will change the global configuration, i.e. this is a persistent change. If you do not
want a persistent state change, consider using config_context() instead.


	Parameters

	yaml_str (str) – The string containing the YAML config to parse.










	
mdt.configuration.load_specific(file_name)

	Can be called by the application to use the config from a specific file.

This assumes that the given file contains YAML content, that is, we want to process it
with the function load_from_yaml().

Please note that the last configuration loaded overwrites the values of the previously loaded config files.

Also, please note that this will change the global configuration, i.e. this is a persistent change. If you do not
want a persistent state change, consider using config_context() instead.


	Parameters

	file_name (str) – The name of the file to use.










	
mdt.configuration.load_user_gui()

	Load the gui specific config file from the user home directory






	
mdt.configuration.load_user_home()

	Load the config file from the user home directory






	
mdt.configuration.set_config_option(option_name, value)

	Set the current configuration option for the given option name.

This will overwrite the current configuration for that option with the given value. Be careful, this will change
the global configuration value.

Provided values should be objects and not YAML strings. For updating the configuration with YAML strings, please use
the function load_from_yaml().


	Parameters

	
	option_name (list of str or str) – the name of the option, or a path to the option.


	value – the object to set for that option






	Returns

	the raw configuration value defined for that option



	Return type

	object










	
mdt.configuration.update_gui_config(update_dict)

	Update the GUI configuration file with the given settings.


	Parameters

	update_dict (dict) – the items to update in the GUI config file










	
mdt.configuration.update_write_config(config_file, update_dict)

	Update a given configuration file with updated values.

If the configuration file does not exist, a new one is created.


	Parameters

	
	config_file (str) – the location of the config file to update


	update_dict (dict) – the items to update in the config file















mdt.protocols module


	
class mdt.protocols.Protocol(columns=None)

	Bases: collections.abc.Mapping

Create a new protocol. Optionally initializes the protocol with the given set of columns.

Please note that we use SI units throughout MDT. Take care when loading the data that you load it in SI units.

For example:


	G (gradient amplitude) in T/m (Tesla per meter)


	Delta (time interval) in seconds


	delta (gradient duration) in seconds





	Parameters

	columns (dict) – The initial list of columns used by this protocol, the keys should be the name of the
parameter (the same as those used in the model functions).
The values should be numpy arrays of equal length.






	
append_protocol(protocol)

	Append another protocol to this protocol and return the result as a new protocol.

This will add the columns of the other protocol to the columns of (a copy of) this protocol
This supposes that both protocols have the same columns.






	
column_names

	Get the names of the columns.

This only lists the real columns, not the estimated ones.


	Returns

	The names of the columns.



	Return type

	list of str










	
deepcopy()

	Return a deep copy of this protocol.


	Returns

	A deep copy of this protocol.



	Return type

	Protocol










	
estimated_column_names

	Get the names of the virtual columns.

This will only return the names of the virtual columns for which no real column exists.






	
gamma_h

	Get the used gamma of the H atom used by this protocol.


	Returns

	The used gamma of the H atom used by this protocol.



	Return type

	float










	
get_all_columns()

	Get all real (known) columns as a big array.


	Returns

	All the real columns of this protocol.



	Return type

	ndarray










	
get_b_values_shells(width=100000000.0)

	Get the b-values of the unique shells in this protocol.


	Parameters

	width (float) – assume a certain bandwidth of b-values around each shell. This will group b-values together
if they are not more than



	Returns

	
	per b-value the information about that shell as a dictionary. Each of these dicts contains the

	b_value and the nmr_volumes keys.









	Return type

	list



	Raises

	KeyError – This function may throw a key error if the ‘b’ column in the protocol could not be loaded.










	
get_column(column_name)

	Get the column associated by the given column name.


	Parameters

	column_name (str) – The name of the column we want to return.



	Returns

	The column we would like to return. This is returned as a 2d matrix with shape (n, 1).



	Return type

	ndarray



	Raises

	KeyError – If the column could not be found.










	
get_columns(column_names)

	Get a matrix containing the requested column names in the order given.


	Returns

	A 2d matrix with the column requested concatenated.



	Return type

	ndarrray










	
get_indices_bval_in_range(start=0, end=1000000000.0)

	Get the indices of the b-values in the range [start, end].

This can be used to get the indices of gradients whose b-value is in the range suitable for
a specific analysis.

Note that we use SI units and you need to specify the values in units of s/m^2 and not in s/mm^2.

Also note that specifying 0 as start of the range does not automatically mean that the unweighted volumes are
returned. It can happen that the b-value of the unweighted volumes is higher then 0 even if the the gradient
g is [0 0 0]. This function does not make any assumptions about that and just returns indices in the
given range.

If you want to include the unweighted volumes, make a call to get_unweighted_indices() yourself.


	Parameters

	
	start (float) – b-value of the start of the range (inclusive) we want to get the indices of the volumes from.
Should be positive. We subtract epsilon for float comparison


	end (float) – b-value of the end of the range (inclusive) we want to get the indices of the volumes from.
Should be positive. We add epsilon for float comparison


	epsilon (float) – the epsilon we use in the range.






	Returns

	
	a list of indices of all volumes whose b-value is in the given range.

	If you want to include the unweighted volumes, make a call to get_unweighted_indices() yourself.









	Return type

	list










	
get_new_protocol_with_indices(indices)

	Create a new protocol object with all the columns but as rows only those of the given indices.


	Parameters

	indices – the indices we want to use in the new protocol



	Returns

	a protocol with all the data of the given indices



	Return type

	Protocol










	
get_nmr_shells()

	Get the number of unique shells in this protocol.

This is measured by counting the number of unique weighted bvals in this protocol.


	Returns

	The number of unique weighted b-values in this protocol



	Return type

	int



	Raises

	KeyError – This function may throw a key error if the ‘b’ column in the protocol could not be loaded.










	
get_unweighted_indices(unweighted_threshold=None)

	Get the indices to the unweighted volumes.

If the column ‘b’ could not be found, assume that all measurements are unweighted.


	Parameters

	unweighted_threshold (float) – the threshold under which we call it unweighted.



	Returns

	A list of indices to the unweighted volumes.



	Return type

	list of int










	
get_weighted_indices(unweighted_threshold=None)

	Get the indices to the weighted volumes.


	Parameters

	unweighted_threshold (float) – the threshold under which we call it unweighted.



	Returns

	A list of indices to the weighted volumes.



	Return type

	list of int










	
has_column(column_name)

	Check if this protocol has a column with the given name.

This will also return true if the column can be estimated from the other columns. See is_column_real()
to get information for columns that are really known.


	Returns

	true if there is a column with the given name, false otherwise.



	Return type

	boolean










	
is_column_real(column_name)

	Check if this protocol has real column information for the column with the given name.

For example, the other function has_column(‘G’) will normally return true since ‘G’ can be estimated from ‘b’.
This function will return false if the column needs to be estimated and will return true if real data
is available for the columnn.


	Returns

	true if there is really a column with the given name, false otherwise.



	Return type

	boolean










	
length

	Get the length of this protocol.


	Returns

	The length of the protocol.



	Return type

	int










	
number_of_columns

	Get the number of columns in this protocol.

This only counts the real columns, not the estimated ones.


	Returns

	The number columns in this protocol.



	Return type

	int










	
with_added_column_from_file(name, file_name, multiplication_factor=1)

	Create a copy of this protocol with the given column (loaded from a file) added to this protocol.

The given file can either contain a single value or one value per protocol line.


	Parameters

	
	name (str) – The name of the column to add.


	file_name (str) – The file to get the column from.


	multiplication_factor (double) – we might need to scale the data by a constant. For example,
if the data in the file is in ms we might need to scale it to seconds by multiplying with 1e-3






	Returns

	for chaining



	Return type

	self










	
with_column_removed(column_name)

	Create a copy of this protocol with the given column removed.


	Parameters

	column_name (str) – The name of the column to remove



	Returns

	the new updated protocol



	Return type

	Protocol










	
with_columns_removed(column_names)

	Create a copy of this protocol with the given columns removed.


	Parameters

	column_names (list of str) – The name of the columns to remove



	Returns

	the new updated protocol



	Return type

	Protocol










	
with_new_column(name, data)

	Create a copy of this protocol with the given column updated/added.


	Parameters

	
	name (str) – The name of the column to add


	data (ndarray) – The vector to add to this protocol.






	Returns

	the new protocol with the updated columns



	Return type

	Protocol










	
with_rows_removed(rows)

	Create a copy of the protocol with a list of rows removed from all the columns.

Please note that the protocol is 0 indexed.


	Parameters

	rows (list of int) – List with indices of the rows to remove










	
with_update(name, data)

	Create a copy of the protocol with the given column updated to a new value.

Synonymous to with_new_column().


	Parameters

	
	name (str) – The name of the column to add


	data (ndarray or float) – The value or vector to add to this protocol.






	Returns

	the updated protocol



	Return type

	Protocol










	
with_updates(additional_columns)

	Creates a copy of this protocol with the given columns added.


	Parameters

	additional_columns (dict) – the additional columns to add



	Returns

	the new updated protocol



	Return type

	Protocol














	
class mdt.protocols.SimpleVirtualColumn(name, generate_function)

	Bases: mdt.protocols.VirtualColumn

Create a simple virtual column that uses the given generate function to get the column.


	Parameters

	
	name (str) – the name of the column


	generate_function (python function) – the function to generate the column









	
get_values(parent_protocol)

	Get the column given the information in the given protocol.


	Parameters

	parent_protocol (Protocol) – the protocol object to use as a basis for generating the column



	Returns

	the single column as a row vector or 2d matrix of shape nx1



	Return type

	ndarray














	
class mdt.protocols.VirtualColumn(name)

	Bases: object

The interface for generating virtual columns.

Virtual columns are columns generated on the fly from the other parts of the protocol. They are
generally only generated if the column it tries to generate is not in the protocol.

In the Protocol they are used separately from the RealColumns. The VirtualColumns can always be added to
the Protocol, but are only used when needed. The RealColumns can overrule VirtualColumns by their presence.


	Parameters

	name (str) – the name of the column this object generates.






	
get_values(parent_protocol)

	Get the column given the information in the given protocol.


	Parameters

	parent_protocol (Protocol) – the protocol object to use as a basis for generating the column



	Returns

	the single column as a row vector or 2d matrix of shape nx1



	Return type

	ndarray














	
class mdt.protocols.VirtualColumnB

	Bases: mdt.protocols.VirtualColumn


	
get_values(parent_protocol)

	Get the column given the information in the given protocol.


	Parameters

	parent_protocol (Protocol) – the protocol object to use as a basis for generating the column



	Returns

	the single column as a row vector or 2d matrix of shape nx1



	Return type

	ndarray














	
class mdt.protocols.VirtualColumn_g_spherical

	Bases: mdt.protocols.VirtualColumn


	
get_values(parent_protocol)

	Get the column given the information in the given protocol.


	Parameters

	parent_protocol (Protocol) – the protocol object to use as a basis for generating the column



	Returns

	the single column as a row vector or 2d matrix of shape nx1



	Return type

	ndarray














	
mdt.protocols.auto_load_protocol(directory, bvec_fname=None, bval_fname=None, bval_scale='auto', protocol_columns=None)

	Load a protocol from the given directory.

This function will only auto-search files in the top directory and not in the sub-directories.

This will first try to use the first .prtcl file found. If none present, it will try to find bval and bvec files
to use and then try to find the protocol options.

The protocol_options should be a dictionary mapping protocol items to filenames. If given, we only use the items
in that dictionary. If not given we try to autodetect the protocol option files from the given directory.

The search order is (continue until matched):



	anything ending in .prtcl


	
	the given bvec and bval file


	anything containing bval or b-val


	
	anything containing bvec or b-vec

	
	
	This will prefer a bvec file that also has ‘fsl’ in the name. This to be able to auto use

	HCP MGH bvec directions.















	
	protocol options

	
	using dict


	matching filenames exactly to the available protocol options.
(e.g, finding a file named TE for the TE’s)



















The available protocol options are:



	TE: the TE in seconds, either a file or, one value or one value per bvec


	TR: the TR in seconds, either a file or, either one value or one value per bvec


	
	Delta: the big Delta in seconds, either a file or, either one value or one value per bvec

	can alternatively named big_delta







	delta: the small delta in seconds, either a file or, either one value or one value per bvec


	maxG: the maximum gradient amplitude G in T/m. Used in estimating G, Delta and delta if not given.








	Parameters

	
	directory (str) – the directory to use the protocol from


	bvec_fname (str) – if given, the filename of the bvec file (as a subpath of the given directory)


	bval_fname (str) – if given, the filename of the bvec file (as a subpath of the given directory)


	bval_scale (double) – The scale by which to scale the values in the bval file.
If we use from bvec and bval we will use this scale. If ‘auto’ we try to guess the units/scale.


	protocol_columns (dict) – mapping protocol items to filenames (as a subpath of the given directory)
or mapping them to values (one value or one value per bvec line)






	Returns

	a loaded protocol file.



	Return type

	Protocol



	Raises

	ValueError – if not enough information could be found. (No protocol or no bvec/bval combo).










	
mdt.protocols.create_protocol(out_file=None, bvecs=None, bvals=None, **kwargs)

	Create and write a protocol from the given keywords.

Please note that all given columns should be in SI units.


	Parameters

	
	out_file (str) – the output filename, if not given we will not write the protocol.


	bvecs (str or ndarray) – either an [n, 3] array or a string to a bvec file


	bvals (str or ndarray) – either an [n, 1] array or a string to a bval file. This expects a typical bval file
with units in s/mm^2.


	kwargs – other protocol columns, for example Delta=30e-3






	Returns

	the created protocol



	Return type

	Protocol










	
mdt.protocols.get_g_columns(bvec_file, column_based='auto')

	Get the columns of a bvec file. Use auto transpose if needed.


	Parameters

	
	bvec_file (str) – The filename of the bvec file


	column_based (boolean) – If true, this supposes that the bvec (the vector file) has 3 rows (gx, gy, gz)
and is space or tab seperated
If false, the vectors are each one a different line.
If ‘auto’ it is autodetected, this is the default.






	Returns

	the loaded bvec matrix separated into ‘gx’, ‘gy’ and ‘gz’



	Return type

	dict










	
mdt.protocols.get_sequence_timings(protocol)

	Return G, Delta and delta, estimate them if necessary.

If Delta and delta are available, they are used instead of estimated Delta and delta.


	Parameters

	protocol (Protocol) – the protocol for which we want to get the sequence timings.



	Returns

	the columns G, Delta and delta



	Return type

	dict










	
mdt.protocols.load_bvec_bval(bvec, bval, column_based='auto', bval_scale='auto')

	Load an protocol from a bvec and bval file.

This supposes that the bvec (the vector file) has 3 rows (gx, gy, gz) and is space or tab seperated.
The bval file (the b values) are one one single line with space or tab separated b values.


	Parameters

	
	bvec (str) – The filename of the bvec file


	bval (str) – The filename of the bval file


	column_based (boolean) – If true, this supposes that the bvec (the vector file) has 3 rows (gx, gy, gz)
and is space or tab seperated and that the bval file (the b values) are one one single line with space or
tab separated b values. If false, the vectors and b values are each one a different line.
If ‘auto’ it is autodetected, this is the default.


	bval_scale (float) – The amount by which we want to scale (multiply) the b-values. Typically bval files are
in units of s/mm^2, while MDT uses s/m^2 in computations. To rescale, this function checks if the b-val is
lower then 1e4 and if so multiplies it by 1e6.






	Returns

	Protocol the loaded protocol.










	
mdt.protocols.load_protocol(data_source)

	Load an protocol from the given protocol file, with as column names the given list of names.

If the given file could not be found it tries once more by appending .prtcl to the end of the file.


	Parameters

	data_source (string, Protocol) – Either a filename, a directory path or a Protocol object to load.
If a filename is given we load the protocol from file, if a directory is given we try to load a protocol
from that directory. If an Protocol object is given we return it directly.



	Returns

	An protocol object with all the columns loaded.



	Return type

	Protocol










	
mdt.protocols.write_bvec_bval(protocol, bvec_fname, bval_fname, column_based=True, bval_scale=1)

	Write the given protocol to bvec and bval files.

This writes the bvector and bvalues to the given filenames.


	Parameters

	
	protocol (Protocol) – The protocol to write to bvec and bval files.


	bvec_fname (string) – The bvector filename


	bval_fname (string) – The bval filename


	column_based (boolean, optional, default true) – If true, this supposes that the bvec (the vector file) will have 3 rows (gx, gy, gz)
and will be space or tab seperated and that the bval file (the b values) are one one single line
with space or tab separated b values.


	bval_scale (double or str) – the amount by which we want to scale (multiply) the b-values.
The default is auto, this checks if the first b-value is higher than 1e4 and if so multiplies it by
1e-6 (sets bval_scale to 1e-6 and multiplies), else multiplies by 1.













	
mdt.protocols.write_protocol(protocol, fname, columns_list=None)

	Write the given protocol to a file.


	Parameters

	
	protocol (Protocol) – The protocol to write to file


	fname (string) – The filename to write to


	columns_list (tuple) – The tuple with the columns names to write (and in that order).
If None, all the columns are written to file.






	Returns

	the parameters that where written (and in that order)



	Return type

	tuple












mdt.simulations module


	
mdt.simulations.add_rician_noise(signals, noise_level, seed=None)

	Make the given signal Rician distributed.

To calculate the noise level divide the signal of the unweighted volumes by the SNR you want. For example,
for a unweighted signal b0=1e4 and a desired SNR of 20, you need an noise level of 1e4/20 = 500.


	Parameters

	
	signals – the signals to make Rician distributed


	noise_level – the level of noise to add. The actual Rician stdev depends on the signal. See ricestat in
the mathworks library. The noise level can be calculated using b0/SNR.


	seed (int) – if given, the seed for the random number generation






	Returns

	make every element of the input signals contain Rician distributed noise.



	Return type

	ndarray










	
mdt.simulations.create_signal_estimates(model, input_data, parameters)

	Create the signals estimates for your estimated model parameters.

This function is typically used to obtain signal estimates from optimization results.

This function evaluates the model as it is in the model fitting and sample. That is, this method includes
the gradient deviations (if set in the input data) and loads all static and fixed parameters maps.


	Parameters

	
	model (str or model) – the model or the name of the model to use for estimating the signals


	input_data (mdt.lib.input_data.MRIInputData) – the input data object, we will set this to the model


	parameters (str or dict) – either a directory file name or a dictionary containing optimization results
Each element is assumed to be a 4d volume with the voxels we are using for the simulations.






	Returns

	the 4d array with the signal estimates per voxel



	Return type

	ndarray










	
mdt.simulations.simulate_signals(model, protocol, parameters)

	Estimate the signals of a given model for the given combination of protocol and parameters.

In contrast to the function create_signal_estimates(), this function does not incorporate the gradient
deviations. Furthermore, this function expects a two dimensional list of parameters and this function will
simply evaluate the model for each set of parameters.


	Parameters

	
	model (str or model) – the model or the name of the model to use for estimating the signals


	protocol (mdt.protocols.Protocol) – the protocol we will use for the signal simulation


	parameters (dict or ndarray) – the parameters for which to simulate the signal. It can either be a matrix with
for every row every model parameter, or a dictionary with for every parameter a 1d array.






	Returns

	a 2d array with for every parameter combination the simulated model signal



	Return type

	ndarray












mdt.utils module


	
class mdt.utils.AutoDict

	Bases: collections.defaultdict

Create an auto-vivacious dictionary.


	
to_normal_dict()

	Convert this dictionary to a normal dict (recursive).


	Returns

	a normal dictionary with the items in this dictionary.



	Return type

	dict














	
class mdt.utils.InitializationData

	Bases: object


	
apply_to_model(model, input_data)

	Apply all information in this initialization data to the given model.

This applies the information in this init data to given model in place.


	Parameters

	
	model – the model to apply the initializations on


	input_data (mdt.lib.input_data.MRIInputData) – the input data used in the fit













	
get_fixes()

	Determines which parameters need to be fixed and to which values.


	Returns

	the initialization values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_inits()

	Get the initialization values.


	Returns

	the initialization values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_lower_bounds()

	Get the lower bounds to use in the model processing.


	Returns

	the lower bounds values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_upper_bounds()

	Get the upper bounds to use in the model processing.


	Returns

	the upper bounds values with per map either a scalar or a 3d/4d volume



	Return type

	dict














	
class mdt.utils.PathJoiner(*args, make_dirs=False)

	Bases: object

The path joining class.

To construct use something like:

>>> pjoin = PathJoiner(r'/my/images/dir/')





or:

>>> pjoin = PathJoiner('my', 'images', 'dir')





Then, you can call it like:

>>> pjoin()
/my/images/dir





At least, it returns the above on Linux. On windows it will return my\images\dir. You can also call it
with an additional path element that is (temporarily) appended to the path:

>>> pjoin('/brain_mask.nii.gz')
/my/images/dir/brain_mask.nii.gz





To add a path permanently to the path joiner use:

>>> pjoin.append('results')





This will extend the stored path to /my/images/dir/results/:

>>> pjoin('/brain_mask.nii.gz')
/my/images/dir/results/brain_mask.nii.gz





You can reset the path joiner to the state of at object construction using:

>>> pjoin.reset()





You can also create a copy of this class with extended path elements by calling

>>> pjoin2 = pjoin.create_extended('results')





This returns a new PathJoiner instance with as path the current path plus the items in the arguments.

>>> pjoin2('brain_mask.nii.gz')
/my/images/dir/results/brain_mask.nii.gz






	Parameters

	
	*args – the initial path element(s).


	make_dirs (boolean) – make_dirs (boolean): if set to True we will automatically create the directory
this path is pointing to. Similar to calling make_dirs() on the resulting object.









	
append(*args)

	Extend the stored path with the given elements






	
create_extended(*args, make_dirs=False, make_dirs_mode=None)

	Create and return a new PathJoiner instance with the path extended by the given arguments.


	Parameters

	
	make_dirs (boolean) – if set to True we will automatically create the directory this path is pointing to.
Similar to calling make_dirs() on the resulting object.


	make_dirs_mode (int) – the mode for the call to make_dirs().













	
make_dirs(dir=None, mode=None)

	Create the directories if they do not exists.

This first creates the directory mentioned in the path joiner. Afterwards, it will create the additional
specified directory.

This uses os.makedirs to make the directories. The given argument mode is handed to os.makedirs.


	Parameters

	
	dir (str or list or str) – single additional directory to create, can be a nested directory.


	mode (int) – the mode parameter for os.makedirs, defaults to 0o777













	
reset()

	Reset the path to the path at construction time










	
class mdt.utils.SimpleInitializationData(inits=None, fixes=None, lower_bounds=None, upper_bounds=None, unfix=None)

	Bases: mdt.utils.InitializationData

A storage class for initialization data during model fitting and sample.

Every element is supposed to be a dictionary with as keys the name of a parameter and as value a scalar value
or a 3d/4d volume.


	Parameters

	
	inits (dict) – indicating the initialization values for the parameters. Example of use:

inits = {'Stick.theta': np.pi,
         'Stick.phi': './my_init_map.nii.gz'}








	fixes (dict) – indicating fixations of a parameter. Example of use:

fixes = {'Ball.d': 3.0e-9}





As values it accepts scalars and maps but also strings defining dependencies.




	lower_bounds (dict) – the lower bounds per parameter


	upper_bounds (dict) – the upper bounds per parameter


	unfix (list or tuple) – the list of parameters to unfix









	
apply_to_model(model, input_data)

	Apply all information in this initialization data to the given model.

This applies the information in this init data to given model in place.


	Parameters

	
	model – the model to apply the initializations on


	input_data (mdt.lib.input_data.MRIInputData) – the input data used in the fit













	
get_fixes()

	Determines which parameters need to be fixed and to which values.


	Returns

	the initialization values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_inits()

	Get the initialization values.


	Returns

	the initialization values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_lower_bounds()

	Get the lower bounds to use in the model processing.


	Returns

	the lower bounds values with per map either a scalar or a 3d/4d volume



	Return type

	dict










	
get_upper_bounds()

	Get the upper bounds to use in the model processing.


	Returns

	the upper bounds values with per map either a scalar or a 3d/4d volume



	Return type

	dict














	
mdt.utils.apply_mask(volumes, mask, inplace=True)

	Apply a mask to the given input.


	Parameters

	
	volumes (str, ndarray, list, tuple or dict) – The input file path or the image itself or a list,
tuple or dict.


	mask (str or ndarray) – The filename of the mask or the mask itself


	inplace (boolean) – if True we apply the mask in place on the volume image. If false we do not.






	Returns

	Depending on the input either a single image of the same size as the input image, or a list, tuple or dict.
This will set for all the output images the the values to zero where the mask is zero.










	
mdt.utils.apply_mask_to_file(input_fname, mask, output_fname=None)

	Apply a mask to the given input (nifti) file.

If no output filename is given, the input file is overwritten.


	Parameters

	
	input_fname (str) – The input file path


	mask (str or ndarray) – The mask to use


	output_fname (str) – The filename for the output file (the masked input file).













	
mdt.utils.calculate_point_estimate_information_criterions(log_likelihoods, k, n)

	Calculate various point estimate information criterions.

These are meant to be used after maximum likelihood estimation as they assume you have a point estimate of your
likelihood per problem.


	Parameters

	
	log_likelihoods (1d np array) – the array with the log likelihoods


	k (int) – number of parameters


	n (int) – the number of instances, protocol length






	Returns

	
	dict with therein the BIC, AIC and AICc which stand for the

	Bayesian, Akaike and Akaike corrected Information Criterion
















	
mdt.utils.cartesian_to_spherical(vectors, ensure_right_hemisphere=True)

	Create spherical coordinates (theta and phi) from the given cartesian coordinates.

This expects a n-dimensional matrix with on the last axis a set of cartesian coordinates as (x, y, z). From that,
this function will calculate two n-dimensional matrices for the inclinations theta and the azimuths phi.

By default the range of the output is [0, pi] for both theta and phi, meaning that the y-coordinate must
be positive (such that all points are on the right hemisphere). For points with negative y-coordinate, this function
will transform the coordinate to the antipodal point on the sphere and return the angles for that point. This
behaviour can be disabled by setting ensure_right_hemisphere to false.

Also note that this will consider the input to be unit vectors. If not, it will normalize the vectors beforehand.


	Parameters

	vectors (ndarray) – the n-dimensional set of cartesian coordinates (last axis should have 3 items).



	Returns

	the matrices for theta and phi.



	Return type

	tuple










	
mdt.utils.check_user_components()

	Check if the components in the user’s home folder are up to date with this version of MDT


	Returns

	True if the .mdt folder for this version exists. False otherwise.



	Return type

	bool










	
mdt.utils.combine_dict_to_array(data, param_names)

	Create an array out of the given data dictionary.

The final array will consist of elements of the data dictionary, concatenated on the second dimension based
on the order and names of the param_names list.

This is basically the inverse of split_array_to_dict().


	Parameters

	
	data (dict) – matrices, each of shape (n, 1) or (n,) which we will concatenate on the second dimension


	param_names (List[str]) – the items we extract from the data, in that order






	Returns

	the dictionary elements compressed as a 2d array of size (n, len(param_names)).



	Return type

	ndarray










	
mdt.utils.compute_noddi_dti(model, input_data, results, noddi_d=1.7e-09)

	Compute NODDI-like statistics from Tensor/Kurtosis parameter fits.

Several authors noted correspondence between NODDI parameters and DTI parameters [1, 2]. This function computes
the neurite density index (NDI) and NODDI’s measure of neurite dispersion using Tensor parameters.


	Parameters

	
	model (str or EstimableModel) – The model we used to compute the results. Can be the name of a composite model or an implementation
of a composite model.  Can be any model that uses the Tensor or KurtosisTensor compartment models.
We need this information because we need to determine the volumes used to compute the results.


	input_data (mdt.lib.input_data.MRIInputData) – the input data used for computing the model results


	results (dict) – the results data, should contain at least:


	<model>.d (ndarray): principal diffusivity


	<model>.dperp0 (ndarray): primary perpendicular diffusion


	<model>.dperp1 (ndarray): primary perpendicular diffusion




And, if present, we also use these:


	<model>.FA (ndarray): if computed already, the Fractional Anisotropy of the given diffusivities


	<model>.MD (ndarray): if computed already, the Mean Diffusivity of the given diffusivities


	
	<model>.MK (ndarray): if computing for Kurtosis, the computed Mean Kurtosis.

	If not given, we assume unity.









Where <model> can be either ‘Tensor’ or ‘KurtosisTensor’ or the empty string in which case we take
maps without a model name prefix.




	noddi_d (float) – the intrinsic diffusivity of the intra-neurite compartment of NODDI. This is typically
assumed to be d = 1.7x10^-9 m^2/s.






	Returns

	maps for the the NODDI-DTI, NDI and ODI measures.



	Return type

	dict
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mdt.utils.configure_per_model_logging(output_path, overwrite=False)

	Set up logging for one specific model.


	Parameters

	
	output_path – the output path where the model results are stored.


	overwrite (boolean) – if we want to overwrite or append. If overwrite is True we overwrite the file, if False we
append.













	
mdt.utils.covariance_to_correlation(input_maps)

	Transform the covariance maps to correlation maps.

This function is meant to be used on standard MDT output maps. It will look for maps named
Covariance_{m0}_to_{m1} and {m[0-1]}.std where m0 and m1 are two map names. It will use the std. maps of m0
and m1 to transform the covariance map into a correlation map.

Typical use case examples (both are equal):

covariance_to_correlation('./BallStick_r1/')
covariance_to_correlation(mdt.load_volume_maps('./BallStick_r1/'))






	Parameters

	input_maps (dict or str) – either a dictionary containing the input maps or a string with a folder name



	Returns

	the correlation maps computed from the input maps. The naming scheme is Correlation_{m0}_to_{m1}.



	Return type

	dict










	
mdt.utils.create_blank_mask(volume4d_path, output_fname=None)

	Create a blank mask for the given 4d volume.

Sometimes you want to use all the voxels in the given dataset, without masking any voxel. Since the optimization
routines require a mask, you have to submit one. The solution is to use a blank mask, that is, a mask that
masks nothing.


	Parameters

	
	volume4d_path (str) – the path to the 4d volume you want to create a blank mask for


	output_fname (str) – the path to the result mask. If not given, we will use the name of the input file and
append ‘_mask’ to it.













	
mdt.utils.create_brain_mask(dwi_info, protocol, output_fname=None, **kwargs)

	Create a brain mask.

At the moment this uses the median-otsu algorithm, in future versions this might support better masking
algorithms.


	Parameters

	
	dwi_info (string or tuple or image) – the dwi info, either:


	the filename of the input file;


	or a tuple with as first index a ndarray with the DWI and as second index the header;


	or only the image as an ndarray







	protocol (string or Protocol) – The filename of the protocol file or a Protocol object


	output_fname (string) – the filename of the output file. If None, no output is written.
If dwi_info is only an image also no file is written.


	**kwargs – the additional arguments for the function median_otsu.






	Returns

	The created brain mask



	Return type

	ndarray










	
mdt.utils.create_covariance_matrix(nmr_voxels, results, names, result_covars=None)

	Create the covariance matrix for the given output maps.


	Parameters

	
	nmr_voxels (int) – the number of voxels in the output covariance matrix.


	results (dict) – the results dictionary from optimization, containing the standard deviation maps
as ‘<name>.std’ for each of the given names. If a map is not present we will use 0 for that variance.


	names (List[str]) – the names of the maps to load, the order of the names is the order of the diagonal
elements.


	result_covars (dict) – dictionary of covariance terms with the names specified as ‘<name>_to_<name>’.
Since the order is undefined, this tests for <x>_to_<y> as <y>_to_<x>.






	Returns

	
	matrix of size (n, m) for n voxels and m names.

	If no covariance elements are given, we use zero for all off-diagonal terms.









	Return type

	ndarray










	
mdt.utils.create_index_matrix(brain_mask)

	Get a matrix with on every 3d position the linear index number of that voxel.

This function is useful if you want to locate a voxel in the ROI given the position in the volume.


	Parameters

	brain_mask (str or 3d array) – the brain mask you would like to use



	Returns

	
	a 3d volume of the same size as the given mask and with as every non-zero element the position

	of that voxel in the linear ROI list.









	Return type

	3d ndarray










	
mdt.utils.create_median_otsu_brain_mask(dwi_info, protocol, output_fname=None, **kwargs)

	Create a brain mask and optionally write it.

It will always return the mask. If output_fname is set it will also write the mask.


	Parameters

	
	dwi_info (string or tuple or image) – the dwi info, either:


	the filename of the input file;


	or a tuple with as first index a ndarray with the DWI and as second index the header;


	or only the image as an ndarray







	protocol (string or Protocol) – The filename of the protocol file or a Protocol object


	output_fname (string) – the filename of the output file. If None, no output is written.
If dwi_info is only an image also no file is written.


	**kwargs – the additional arguments for the function median_otsu.






	Returns

	The created brain mask



	Return type

	ndarray










	
mdt.utils.create_roi(data, brain_mask)

	Create and return masked data of the given brain volume and mask


	Parameters

	
	data (string, ndarray or dict) – a brain volume with four dimensions (x, y, z, w)
where w is the length of the protocol, or a list, tuple or dictionary with volumes or a string
with a filename of a dataset to use or a directory with the containing maps to load.


	brain_mask (ndarray or str) – the mask indicating the region of interest with dimensions: (x, y, z) or the string
to the brain mask to use






	Returns

	
	If a single ndarray is given we will return the ROI for that array. If

	an iterable is given we will return a tuple. If a dict is given we return a dict.
For each result the axis are: (voxels, protocol)









	Return type

	ndarray, tuple, dict










	
mdt.utils.create_slice_roi(brain_mask, roi_dimension, roi_slice)

	Create a region of interest out of the given brain mask by taking one specific slice out of the mask.


	Parameters

	
	brain_mask (ndarray) – The brain_mask used to create the new brain mask


	roi_dimension (int) – The dimension to take a slice out of


	roi_slice (int) – The index on the given dimension.






	Returns

	A brain mask of the same dimensions as the original mask, but with only one slice activated.










	
mdt.utils.estimate_noise_std(input_data)

	Estimate the noise standard deviation.

This calculates per voxel (in the brain mas) the std over all unweighted volumes
and takes the mean of those estimates as the standard deviation of the noise.

The method is taken from Camino (http://camino.cs.ucl.ac.uk/index.php?n=Man.Estimatesnr).


	Parameters

	input_data (mdt.lib.input_data.SimpleMRIInputData) – the input data we can use to do the estimation



	Returns

	the noise std estimated from the data. This can either be a single float, or an ndarray.



	Raises

	NoiseStdEstimationNotPossible – if the noise could not be estimated










	
mdt.utils.extract_volumes(input_volume_fname, input_protocol, output_volume_fname, output_protocol, volume_indices)

	Extract volumes from the given volume and save them to separate files.

This will index the given input volume in the 4th dimension, as is usual in multi shell DWI files.


	Parameters

	
	input_volume_fname (str) – the input volume from which to get the specific volumes


	input_protocol (str or Protocol) – the input protocol,
either a file or preloaded protocol object


	output_volume_fname (str) – the output filename for the selected volumes


	output_protocol (str) – the output protocol for the selected volumes


	volume_indices (list) – the desired indices, indexing the input_volume













	
mdt.utils.flatten(input_it)

	Flatten an iterator with a new iterator


	Parameters

	it (iterable) – the input iterable to flatten



	Returns

	a new iterable with a flattened version of the original iterable.










	
mdt.utils.get_cl_devices(indices=None, device_type=None)

	Get a list of all CL devices in the system.

The indices of the devices can be used in the model fitting/sample functions for ‘cl_device_ind’.


	Parameters

	
	indices (List[int] or int) – the indices of the CL devices to use. Either set this or preferred_device_type.


	device_type (str) – the preferred device type, one of ‘CPU’, ‘GPU’ or ‘APU’. If set, we ignore the indices
parameter.






	Returns

	A list of CLEnvironments, one for each device in the system.










	
mdt.utils.get_example_data(output_directory)

	Get the MDT example data that is accompanying the installation.

This will write the MDT example data (b1k_b2k and b6k datasets) to the indicated directory. You can use this data
for testing MDT on your computer. These example datasets are contained within the MDT package and as such are
available on every machine with MDT installed.


	Parameters

	output_directory (str) – the directory to write the files to










	
mdt.utils.get_intermediate_results_path(output_dir, tmp_dir)

	Get a temporary results path for processing.


	Parameters

	
	output_dir (str) – the output directory of the results


	tmp_dir (str) – a preferred tmp dir. If not given we create a temporary directory in the output_dir.






	Returns

	a path for saving intermediate computation results



	Return type

	str










	
mdt.utils.get_slice_in_dimension(volume, dimension, index)

	From the given volume get a slice on the given dimension (x, y, z, …) and then on the given index.


	Parameters

	
	volume (ndarray) – the volume, 3d, 4d or more


	dimension (int) – the dimension on which we want a slice


	index (int) – the index of the slice






	Returns

	A slice (plane) or hyperplane of the given volume



	Return type

	ndarray










	
mdt.utils.get_temporary_results_dir(user_value)

	Get the temporary results dir from the user value and from the config.


	Parameters

	user_value (string, boolean or None) – if a string is given we will use that directly. If a boolean equal to
True is given we will use the configuration defined value. If None/False is given we will not use a specific
temporary results dir.



	Returns

	either the temporary results dir or None



	Return type

	str or None










	
mdt.utils.init_user_settings(pass_if_exists=True)

	Initializes the user settings folder using a skeleton.

This will create all the necessary directories for adding components to MDT. It will also create a basic
configuration file for setting global wide MDT options. Also, it will copy the user components from the previous
version to this version.

Each MDT version will have it’s own sub-directory in the config directory.


	Parameters

	pass_if_exists (boolean) – if the folder for this version already exists, we might do nothing (if True)



	Returns

	the path the user settings skeleton was written to



	Return type

	str










	
mdt.utils.is_scalar(value)

	Test if the given value is a scalar.

This function also works with memmapped array values, in contrast to the numpy isscalar method.


	Parameters

	value – the value to test for being a scalar value



	Returns

	true if the value is a scalar, false otherwise.



	Return type

	boolean










	
mdt.utils.load_brain_mask(data_source)

	Load a brain mask from the given data.


	Parameters

	data_source (string, ndarray, tuple, nifti) – Either a filename, a ndarray, a tuple as (ndarray, nifti header) or
finally a nifti object having the method ‘get_data()’.



	Returns

	boolean array with every voxel with a value higher than 0 set to 1 and all other values set to 0.



	Return type

	ndarray










	
mdt.utils.load_sample(fname, mode='r')

	Load an matrix of samples from a .samples.npy file.

This will open the samples as a numpy memory mapped array.


	Parameters

	
	fname (str) – the name of the file to load, suffix of .samples.npy is not required.


	mode (str) – the mode in which to open the memory mapped sample files (see numpy mode parameter)






	Returns

	a memory mapped array with the results



	Return type

	ndarray










	
mdt.utils.load_samples(data_folder, mode='r')

	Load sampled results as a dictionary of numpy memmap.


	Parameters

	
	data_folder (str) – the folder from which to use the samples


	mode (str) – the mode in which to open the memory mapped sample files (see numpy mode parameter)






	Returns

	the memory loaded samples per sampled parameter.



	Return type

	dict










	
mdt.utils.load_volume_maps(directory, map_names=None, deferred=True)

	Read a number of Nifti volume maps from a directory.


	Parameters

	
	directory (str) – the directory from which we want to read a number of maps


	map_names (list or tuple) – the names of the maps we want to use. If given we only use and return these maps.


	deferred (boolean) – if True we return an deferred loading dictionary instead of a dictionary with the values
loaded as arrays.






	Returns

	
	A dictionary with the volumes. The keys of the dictionary are the filenames (without the extension) of the

	files in the given directory.









	Return type

	dict










	
mdt.utils.model_output_exists(model, output_folder, append_model_name_to_path=True)

	A rudimentary check if the output for the given model exists.

This checks if the output folder exists and contains at least the result file for each of the free parameters
of the model.

When using this to try to skip subjects when batch fitting it might fail if one of the models can not be calculated
for a given subject. For example NODDI requires two shells. If that is not given we can not calculate it and
hence no maps will be generated. When we are testing if the output exists it will therefore return False.


	Parameters

	
	model (AbstractModel, or str) – the model to check for existence.
If a string is given the model is tried to be loaded from the components loader.


	output_folder (str) – the folder where the output folder of the results should reside in


	append_model_name_to_path (boolean) – by default we will append the name of the model to the output folder.
This is to be consistent with the way the model fitting routine places the results in the
<output folder>/<model_name> directories. Sometimes, however you might want to skip this appending.






	Returns

	true if the output folder exists and contains files for all the parameters of the model.



	Return type

	boolean










	
mdt.utils.natural_key_sort_cb(_str)

	Sorting transformation to use when wanting to sorting a list using natural key sorting.


	Parameters

	_str (str) – the string to sort



	Returns

	the key to use for sorting the current element.



	Return type

	list()










	
mdt.utils.per_model_logging_context(output_path, overwrite=False)

	A logging context wrapper for the function configure_per_model_logging.


	Parameters

	
	output_path – the output path where the model results are stored.


	overwrite (boolean) – if we want to overwrite an existing file (if True), or append to it (if False)













	
mdt.utils.protocol_merge(protocol_paths, output_fname, sort=False)

	Merge a list of protocols files. Writes the result as a file.

You can enable sorting the list of protocol names based on a natural key sort. This is
the most convenient option in the case of globbing files. By default this behaviour is disabled.

Example usage with globbing:

mdt.protocol_merge(glob.glob('*.prtcl'), 'merged.prtcl', True)






	Parameters

	
	protocol_paths (list of str) – the list with the input protocol filenames


	output_fname (str) – the output filename


	sort (boolean) – if true we natural sort the list of protocol files before we merge them. If false we don’t.
The default is False.






	Returns

	the list with the filenames in the order of concatenation.



	Return type

	list of str










	
mdt.utils.restore_volumes(data, brain_mask, with_volume_dim=True)

	Restore the given data to a whole brain volume

The data can be a list, tuple or dictionary with two dimensional arrays, or a 2d array itself.


	Parameters

	
	data (ndarray) – the data as a x dimensional list of voxels, or, a list, tuple, or dict of those voxel lists


	brain_mask (ndarray) – the brain_mask which was used to generate the data list


	with_volume_dim (boolean) – If true we always return values with at least 4 dimensions.
The extra dimension is for the volume index. If false we return at least 3 dimensions.






	Returns

	Either a single whole volume, a list, tuple or dict of whole volumes, depending on the given data.
If with_volume_ind_dim is set we return values with 4 dimensions. (x, y, z, 1). If not set we return only
three dimensions.










	
mdt.utils.roi_index_to_volume_index(roi_indices, brain_mask)

	Get the 3d index of a voxel given the linear index in a ROI created with the given brain mask.

This is the inverse function of volume_index_to_roi_index().

This function is useful if you, for example, have sample results of a specific voxel
and you want to locate that voxel in the brain maps.

Please note that this function can be memory intensive for a large list of roi_indices


	Parameters

	
	roi_indices (int or ndarray) – the index in the ROI created by that brain mask


	brain_mask (str or 3d array) – the brain mask you would like to use






	Returns

	the 3d voxel location(s) of the indicated voxel(s)



	Return type

	ndarray










	
mdt.utils.rotate_orthogonal_vector(basis, to_rotate, psi)

	Uses Rodrigues’ rotation formula to rotate the given vector v by psi around k.

If a matrix is given the operation will by applied on the last dimension.

This function assumes that the given two vectors (or matrix of vectors) are orthogonal for every voxel.
This assumption allows for some speedup in the rotation calculation.


	Parameters

	
	basis – the unit vector defining the rotation axis (k)


	to_rotate – the vector to rotate by the angle psi (v)


	psi – the rotation angle (psi)






	Returns

	the rotated vector



	Return type

	vector










	
mdt.utils.rotate_vector(basis, to_rotate, psi)

	Uses Rodrigues’ rotation formula to rotate the given vector v by psi around k.

If a matrix is given the operation will by applied on the last dimension.


	Parameters

	
	basis – the unit vector defining the rotation axis (k)


	to_rotate – the vector to rotate by the angle psi (v)


	psi – the rotation angle (psi)






	Returns

	the rotated vector



	Return type

	vector










	
mdt.utils.setup_logging(disable_existing_loggers=None)

	Setup global logging.

This uses the loaded config settings to set up the logging.


	Parameters

	disable_existing_loggers (boolean) – If we would like to disable the existing loggers when creating this one.
None means use the default from the config, True and False overwrite the config.










	
mdt.utils.spherical_to_cartesian(theta, phi)

	Convert polar coordinates in 3d space to cartesian unit coordinates.

This might return points lying on the entire sphere. End-users will have to manually ensure the points to
lie on the right hemisphere with a positive y-axis (multiply the vector by -1 if y < 0).

x = sin(theta) * cos(phi)
y = sin(theta) * sin(phi)
z = cos(theta)






	Parameters

	
	theta (ndarray) – The matrix with the inclinations


	phi (ndarray) – The matrix with the azimuths






	Returns

	
	matrix with same shape as the input (minimal two dimensions though) with on the last axis

	the [x, y, z] coordinates of each vector.









	Return type

	ndarray










	
mdt.utils.split_array_to_dict(data, param_names)

	Create a dictionary out of an array.

This basically splits the given nd-matrix into sub matrices based on the second dimension. The length of
the parameter names should match the length of the second dimension. If a two dimensional matrix of shape (d, p) is
given we return p matrices of shape (d,). If a matrix of shape (d, p, s_1, s_2, …, s_n) is given, we return
p matrices of shape (d, s_1, s_2, …, s_n).

This is basically the inverse of combine_dict_to_array().


	Parameters

	
	data (ndarray) – a multidimensional matrix we index based on the second dimension.


	param_names (list of str) – the names of the parameters, one per column






	Returns

	the results packed in a dictionary



	Return type

	dict










	
mdt.utils.split_dataset(dataset, split_dimension, split_index)

	Split the given dataset along the given dimension on the given index.


	Parameters

	
	dataset (ndarray, list, tuple, dict, string) – The single volume or list of volumes to split in two


	split_dimension (int) – The dimension along which to split the dataset


	split_index (int) – The index on the given dimension to split the volume(s)






	Returns

	
	If dataset is a single volume return a tuple of two volumes which concatenated

	give the original volume back. If it is a list, tuple or dict we return a tuple containing two lists, tuples
or dicts, with the same indices and with each holding half of the splitted data.









	Return type

	ndarray, list, tuple, dict










	
mdt.utils.split_image_path(image_path)

	Split the path to an image into three parts, the directory, the basename and the extension.


	Parameters

	image_path (str) – the path to an image



	Returns

	the path, the basename and the extension (extension includes the dot)



	Return type

	list of str










	
mdt.utils.tensor_cartesian_to_spherical(first_eigen_vector, second_eigen_vector)

	Compute the spherical coordinates theta, phi and psi to match the given eigen vectors.

Only the first two eigen vectors are needed to calculate the correct angles, the last eigen vector follows
automatically from the dot product of the first two eigen vectors.

Since the Tensor model in MDT uses theta, phi and psi in the range [0, pi], this function can reflect the given
eigenvalues to comply with those ranges. In particular, there are two transformations possible. The first is if
the first eigen vector is in the left hemisphere (negative y-value), if so, it is reflected to its
antipodal point on the right hemisphere. The second transformation is if the second eigen vector does not
lie in the semicircle described by psi in [0, pi]. If not, the second eigen vector is reflected to
its antipodal point within the range of psi in [0, pi].


	Parameters

	
	first_eigen_vector (ndarray) – the first eigen vectors, with on the last dimension 3 items for [x, y, z]


	second_eigen_vector (ndarray) – the second eigen vectors, with on the last dimension 3 items for [x, y, z]






	Returns

	theta, phi, psi for every voxel given.



	Return type

	tuple










	
mdt.utils.tensor_spherical_to_cartesian(theta, phi, psi)

	Calculate the eigenvectors for a Tensor given the three angles.

This will return the eigenvectors unsorted, since this function knows nothing about the eigenvalues. The caller
of this function will have to sort them by eigenvalue if necessary.


	Parameters

	
	theta (ndarray) – matrix of list of theta’s


	phi (ndarray) – matrix of list of phi’s


	psi (ndarray) – matrix of list of psi’s






	Returns

	The three eigenvector for every voxel given. The return matrix for every eigenvector is of the given
shape + [3].



	Return type

	tuple










	
mdt.utils.unzip_nifti(in_file, out_file=None, remove_old=False)

	Unzip a gzipped nifti file.


	Parameters

	
	in_file (str) – the nifti file to unzip


	out_file (str) – if given, the name of the output file. If not given, we will use the input filename without
the .gz.


	remove_old (boolean) – if we want to remove the old (zipped) file or not













	
mdt.utils.volume_index_to_roi_index(volume_index, brain_mask)

	Get the ROI index given the volume index (in 3d).

This is the inverse function of roi_index_to_volume_index().

This function is useful if you want to locate a voxel in the ROI given the position in the volume.


	Parameters

	
	volume_index (tuple) – the volume index, a tuple or list of length 3


	brain_mask (str or 3d array) – the brain mask you would like to use






	Returns

	the index of the given voxel in the ROI created by the given mask



	Return type

	int










	
mdt.utils.volume_merge(volume_paths, output_fname, sort=False)

	Merge a list of volumes on the 4th dimension. Writes the result as a file.

You can enable sorting the list of volume names based on a natural key sort. This is
the most convenient option in the case of globbing files. By default this behaviour is disabled.

Example usage with globbing:

mdt.volume_merge(glob.glob('*.nii'), 'merged.nii.gz', True)






	Parameters

	
	volume_paths (list of str) – the list with the input filenames


	output_fname (str) – the output filename


	sort (boolean) – if true we natural sort the list of DWI images before we merge them. If false we don’t.
The default is False.






	Returns

	the list with the filenames in the order of concatenation.



	Return type

	list of str










	
mdt.utils.voxelwise_vector_matrix_vector_product(a, B, c)

	Compute the dot product of a*B*c assuming the first axii are voxel wise dimensions.

This function can be used in error propagation where you multiply the gradient (assuming univariate function) with
the covariance matrix with the gradient transposed.


	Parameters

	
	a (ndarray) – of size (n, m) or (x, y, z, m), vector elements per voxel


	B (ndarray) – of size (n, m, m) or (x, y, z, m, m), matrix elements per voxel


	c (ndarray) – of size (n, m) or (x, y, z, m), vector elements per voxel






	Returns

	either of size (n, 1) or of size (x, y, z, 1), the voxelwise matrix multiplication of aBc.



	Return type

	ndarray










	
mdt.utils.write_slice_roi(brain_mask_fname, roi_dimension, roi_slice, output_fname, overwrite_if_exists=False)

	Create a region of interest out of the given brain mask by taking one specific slice out of the mask.

This will both write and return the created slice ROI.

We need a filename as input brain mask since we need the header of the file to be able to write the output file
with the same header.


	Parameters

	
	brain_mask_fname (string) – The filename of the brain_mask used to create the new brain mask


	roi_dimension (int) – The dimension to take a slice out of


	roi_slice (int) – The index on the given dimension.


	output_fname (string) – The output filename


	overwrite_if_exists (boolean, optional, default false) – If we want to overwrite the file if it already exists






	Returns

	A brain mask of the same dimensions as the original mask, but with only one slice set to one.










	
mdt.utils.zip_nifti(in_file, out_file=None, remove_old=False)

	Zip a nifti file.


	Parameters

	
	in_file (str) – the nifti file to zip


	out_file (str) – if given, the name of the output file. If not given, we will use the input filename with
.gz appended at the end.


	remove_old (boolean) – if we want to remove the old (non-zipped) file or not















Module contents


	
mdt.batch_fit(data_folder, models_to_fit, output_folder=None, batch_profile=None, subjects_selection=None, recalculate=False, cl_device_ind=None, dry_run=False, double_precision=False, tmp_results_dir=True, use_gradient_deviations=False)

	Run all the available and applicable models on the data in the given folder.

The idea is that a single folder is enough to fit_model the computations. One can optionally give it the
batch_profile to use for the fitting. If not given, this class will attempt to use the
batch_profile that fits the data folder best.


	Parameters

	
	data_folder (str) – The data folder to process


	models_to_fit (list of str) – A list of models to fit to the data.


	output_folder (str) – the folder in which to place the output, if not given we per default put an output folder
next to the data_folder.


	batch_profile (BatchProfile or str) – the batch profile to use,
or the name of a batch profile to use. If not given it is auto detected.


	subjects_selection (BatchSubjectSelection or iterable) – the subjects to             use for processing. If None, all subjects are processed. If a list is given instead of a
BatchSubjectSelection instance, we apply the following. If the elements in that
list are string we use it as subject ids, if they are integers we use it as subject indices.


	recalculate (boolean) – If we want to recalculate the results if they are already present.


	cl_device_ind (int or list of int) – the index of the CL device to use.
The index is from the list from the function get_cl_devices().


	dry_run (boolean) – a dry run will do no computations, but will list all the subjects found in the
given directory.


	double_precision (boolean) – if we would like to do the calculations in double precision


	tmp_results_dir (str, True or None) – The temporary dir for the calculations. Set to a string to use
that path directly, set to True to use the config value, set to None to disable.


	use_gradient_deviations (boolean) – if you want to use the gradient deviations if present






	Returns

	The list of subjects we will calculate / have calculated.










	
mdt.block_plots(use_qt=True)

	A small function to block matplotlib plots and Qt GUI instances.

This basically calls either plt.show() and QtApplication.exec_() depending on use_qt.


	Parameters

	use_qt (boolean) – if True we block Qt windows, if False we block matplotlib windows










	
mdt.bootstrap_model(model, input_data, optimization_results, output_folder, bootstrap_method=None, bootstrap_options=None, nmr_samples=None, optimization_method=None, optimizer_options=None, recalculate=False, cl_device_ind=None, double_precision=False, keep_samples=True, tmp_results_dir=True, initialization_data=None)

	Resample the model using residual bootstrapping.

This is typically used to construct confidence intervals on the optimized parameters.


	Parameters

	
	model (str or EstimableModel) – the model to sample


	input_data (MRIInputData) – the input data object containing all
the info needed for the model fitting.


	optimization_results (dict or str) – the optimization results, either a dictionary with results or the
path to a folder.


	output_folder (string) – The path to the folder where to place the output, we will make a subdir with the
model name in it (for the optimization results) and then a subdir with the samples output.


	bootstrap_method (str) – the bootstrap method we want to use, ‘residual’, or ‘wild’. Defaults to ‘wild’.


	bootstrap_options (dict) – bootstrapping options specific for the bootstrap method in use


	nmr_samples (int) – the number of samples we would like to compute. Defaults to 1000.


	optimization_method (str) – The optimization method to use, one of:
- ‘Levenberg-Marquardt’
- ‘Nelder-Mead’
- ‘Powell’
- ‘Subplex’

If not given, defaults to ‘Powell’.




	optimizer_options (dict) – extra options passed to the optimization routines.


	recalculate (boolean) – If we want to recalculate the results if they are already present.


	cl_device_ind (int) – the index of the CL device to use. The index is from the list from the function
utils.get_cl_devices().


	double_precision (boolean) – if we would like to do the calculations in double precision


	keep_samples (boolean) – determines if we keep any of the chains. If set to False, the chains will
be discarded after generating the mean and standard deviations.


	tmp_results_dir (str, True or None) – The temporary dir for the calculations. Set to a string to use
that path directly, set to True to use the config value, set to None to disable.


	initialization_data (dict) – provides (extra) initialization data to
use during model fitting. This dictionary can contain the following elements:


	inits: dictionary with per parameter an initialization point


	fixes: dictionary with per parameter a fixed point, this will remove that parameter from the fitting


	lower_bounds: dictionary with per parameter a lower bound


	upper_bounds: dictionary with per parameter a upper bound


	unfix: a list of parameters to unfix




For example:

initialization_data = {
    'fixes': {'Stick0.theta: np.array(...), ...},
    'inits': {...}
}












	Returns

	
	if keep_samples is True we return the samples per parameter as a numpy memmap.

	If store_samples is False we return None









	Return type

	dict










	
mdt.compute_fim(model, input_data, optimization_results, output_folder=None, cl_device_ind=None, cl_load_balancer=None, initialization_data=None)

	Compute the Fisher Information Matrix (FIM).

This is typically done as post-processing step during the model fitting process, but can also be performed
separately after optimization.

Since the FIM depends on which parameters were optimized, results will change if different parameters are fixed.
That is, this function will compute the FIM for every estimable parameter (free-non-fixed parameters). If you want
to have the exact same FIM results as when you computed the FIM as optimization post-processing it is important
to have exactly the same maps fixed.

Contrary to the post-processing of the optimization maps, all FIM results are written to a single sub-folder in the
provided output folder.


	Parameters

	
	model (str or EstimableModel) – The name of a composite model or an implementation of a composite model.


	input_data (MRIInputData) – the input data object containing all
the info needed for the model fitting.


	optimization_results (dict or str) – the optimization results, either a dictionary with results or the
path to a folder.


	output_folder (string) – Optionally, the path to the folder where to place the output


	(List[Union[mot.lib.cl_environments.CLEnvironment, int]] (cl_device_ind) – or mot.lib.cl_environments.CLEnvironment or int): the CL devices to use.
Either provide MOT CLEnvironment’s or indices from into the list from the function mdt.get_cl_devices().


	cl_load_balancer (mot.lib.load_balancers.LoadBalancer or Tuple[float]) – the load balancer to use. Can also
be an array of fractions (summing to 1) with one fraction per device. For example, for two devices one
can specify cl_load_balancer = [0.3, 0.7] to let one device to more work than another.


	initialization_data (dict) – provides (extra) initialization data to
use during model fitting. This dictionary can contain the following elements:


	inits: dictionary with per parameter an initialization point


	fixes: dictionary with per parameter a fixed point, this will remove that parameter from the fitting


	lower_bounds: dictionary with per parameter a lower bound


	upper_bounds: dictionary with per parameter a upper bound


	unfix: a list of parameters to unfix




For example:

initialization_data = {
    'fixes': {'Stick0.theta: np.array(...), ...},
    'inits': {...}
}












	Returns

	all the computed FIM maps in a flattened dictionary.



	Return type

	dict










	
mdt.fit_model(model, input_data, output_folder, method=None, optimizer_options=None, recalculate=False, cl_device_ind=None, cl_load_balancer=None, double_precision=False, tmp_results_dir=True, initialization_data=None, use_cascaded_inits=True, post_processing=None)

	Run the optimizer on the given model.


	Parameters

	
	model (str or EstimableModel) – The name of a composite model or an implementation of a composite model.


	input_data (MRIInputData) – the input data object containing all
the info needed for the model fitting.


	output_folder (string) – The path to the folder where to place the output, we will make a subdir with the
model name in it.


	method (str) – The optimization method to use, one of:
- ‘Levenberg-Marquardt’
- ‘Nelder-Mead’
- ‘Powell’
- ‘Subplex’

If not given, defaults to ‘Powell’.




	optimizer_options (dict) – extra options passed to the optimization routines.


	recalculate (boolean) – If we want to recalculate the results if they are already present.


	(List[Union[mot.lib.cl_environments.CLEnvironment, int]] (cl_device_ind) – or mot.lib.cl_environments.CLEnvironment or int): the CL devices to use.
Either provide MOT CLEnvironment’s or indices from into the list from the function mdt.get_cl_devices().


	cl_load_balancer (mot.lib.load_balancers.LoadBalancer or Tuple[float]) – the load balancer to use. Can also
be an array of fractions (summing to 1) with one fraction per device. For example, for two devices one
can specify cl_load_balancer = [0.3, 0.7] to let one device to more work than another.


	double_precision (boolean) – if we would like to do the calculations in double precision


	tmp_results_dir (str, True or None) – The temporary dir for the calculations. Set to a string to use
that path directly, set to True to use the config value, set to None to disable.


	initialization_data (dict) – provides (extra) initialization data to
use during model fitting. This dictionary can contain the following elements:


	inits: dictionary with per parameter an initialization point


	fixes: dictionary with per parameter a fixed point, this will remove that parameter from the fitting


	lower_bounds: dictionary with per parameter a lower bound


	upper_bounds: dictionary with per parameter a upper bound


	unfix: a list of parameters to unfix




For example:

initialization_data = {
    'fixes': {'Stick0.theta: np.array(...), ...},
    'inits': {...}
}








	use_cascaded_inits (boolean) – if set, we initialize the model parameters using get_optimization_inits().
You can also overrule the default initializations using the initialization_data attribute.


	post_processing (dict) – a dictionary with flags for post-processing options to enable or disable.
For valid elements, please see the configuration file settings for optimization
under post_processing. Valid input for this parameter is for example: {‘covariance’: False}
to disable automatic calculation of the covariance from the Hessian.






	Returns

	
	The result maps for the given composite model or the last model in the cascade.

	This returns the results as 3d/4d volumes for every output map.









	Return type

	dict










	
mdt.get_models_list()

	Get a list of all available composite models


	Returns

	A list of available model names.



	Return type

	list of str










	
mdt.get_models_meta_info()

	Get the meta information tags for all the models returned by get_models_list()


	Returns

	
	The first dictionary indexes the model names to the meta tags, the second holds the meta

	information.









	Return type

	dict of dict










	
mdt.get_optimization_inits(model_name, input_data, output_folder, cl_device_ind=None, method=None, optimizer_options=None, double_precision=False)

	Get better optimization starting points for the given model.

Since initialization can make quite a difference in optimization results, this function can generate
a good initialization starting point for the given model. The idea is that before you call the fit_model()
function, you call this function to get a better starting point. An usage example would be:

input_data = mdt.load_input_data(..)

init_data = get_optimization_inits('BallStick_r1', input_data, '/my/folder')

fit_model('BallStick_r1', input_data, '/my/folder',
          initialization_data={'inits': init_data})





Where the init data returned by this function can directly be used as input to the initialization_data
argument of the :func`fit_model` function.

Please note that his function only supports models shipped by default with MDT.


	Parameters

	
	model_name (str) – The name of a model for which we want the optimization starting points.


	input_data (MRIInputData) – the input data object containing all
the info needed for model fitting of intermediate models.


	output_folder (string) – The path to the folder where to place the output, we will make a subdir with the
model name in it.


	cl_device_ind (int or list) – the index of the CL device to use. The index is from the list from the function
utils.get_cl_devices(). This can also be a list of device indices.


	method (str) – The optimization method to use, one of:
- ‘Levenberg-Marquardt’
- ‘Nelder-Mead’
- ‘Powell’
- ‘Subplex’

If not given, defaults to ‘Powell’.




	optimizer_options (dict) – extra options passed to the optimization routines.


	double_precision (boolean) – if we would like to do the calculations in double precision






	Returns

	a dictionary with initialization points for the selected model



	Return type

	dict










	
mdt.get_volume_names(directory)

	Get the names of the Nifti volume maps in the given directory.


	Parameters

	directory – the directory to get the names of the available maps from.



	Returns

	A list with the names of the volumes.



	Return type

	list










	
mdt.make_path_joiner(*args, make_dirs=False)

	Generates and returns an instance of utils.PathJoiner to quickly join path names.


	Parameters

	
	*args – the initial directory or list of directories to concatenate


	make_dirs (boolean) – if we should make the referenced directory if it does not yet exist






	Returns

	easy path manipulation path joiner



	Return type

	mdt.utils.PathJoiner










	
mdt.reload_components()

	Reload all the dynamic components.

This can be useful after changing some of the dynamically loadable modules. This function will remove all cached
components and reload the directories.






	
mdt.reset_logging()

	Reset the logging to reflect the current configuration.

This is commonly called after updating the logging configuration to let the changes take affect.






	
mdt.sample_model(model, input_data, output_folder, nmr_samples=None, burnin=None, thinning=None, method=None, recalculate=False, cl_device_ind=None, cl_load_balancer=None, double_precision=False, store_samples=True, sample_items_to_save=None, tmp_results_dir=True, initialization_data=None, post_processing=None, post_sampling_cb=None, sampler_options=None)

	Sample a composite model using Markov Chain Monte Carlo sampling.


	Parameters

	
	model (str or EstimableModel) – the model to sample


	input_data (MRIInputData) – the input data object containing all
the info needed for the model fitting.


	output_folder (string) – The path to the folder where to place the output, we will make a subdir with the
model name in it (for the optimization results) and then a subdir with the samples output.


	nmr_samples (int) – the number of samples we would like to return.


	burnin (int) – the number of samples to burn-in, that is, to discard before returning the desired
number of samples


	thinning (int) – how many sample we wait before storing a new one. This will draw extra samples such that
the total number of samples generated is nmr_samples * (thinning) and the number of samples stored
is nmr_samples. If set to one or lower we store every sample after the burn in.


	method (str) – The sampling method to use, one of:
- ‘AMWG’, for the Adaptive Metropolis-Within-Gibbs
- ‘SCAM’, for the Single Component Adaptive Metropolis
- ‘FSL’, for the sampling method used in the FSL toolbox
- ‘MWG’, for the Metropolis-Within-Gibbs (simple random walk metropolis without updates)

If not given, defaults to ‘AMWG’.




	recalculate (boolean) – If we want to recalculate the results if they are already present.


	(List[Union[mot.lib.cl_environments.CLEnvironment, int]] (cl_device_ind) – or mot.lib.cl_environments.CLEnvironment or int): the CL devices to use.
Either provide MOT CLEnvironment’s or indices from into the list from the function mdt.get_cl_devices().


	cl_load_balancer (mot.lib.load_balancers.LoadBalancer or Tuple[float]) – the load balancer to use. Can also
be an array of fractions (summing to 1) with one fraction per device. For example, for two devices one
can specify cl_load_balancer = [0.3, 0.7] to let one device to more work than another.


	double_precision (boolean) – if we would like to do the calculations in double precision


	store_samples (boolean) – determines if we store any of the samples. If set to False we will store none
of the samples.


	sample_items_to_save (list) – list of output names we want to store the samples of. If given, we only
store the items specified in this list. Valid items are the free parameter names of the model and the
items ‘LogLikelihood’ and ‘LogPrior’.


	tmp_results_dir (str, True or None) – The temporary dir for the calculations. Set to a string to use
that path directly, set to True to use the config value, set to None to disable.


	initialization_data (dict) – provides (extra) initialization data to
use during model fitting. This dictionary can contain the following elements:


	inits: dictionary with per parameter an initialization point


	fixes: dictionary with per parameter a fixed point, this will remove that parameter from the fitting


	lower_bounds: dictionary with per parameter a lower bound


	upper_bounds: dictionary with per parameter a upper bound


	unfix: a list of parameters to unfix




For example:

initialization_data = {
    'fixes': {'Stick0.theta: np.array(...), ...},
    'inits': {...}
}








	post_processing (dict) – a dictionary with flags for post-processing options to enable or disable.
For valid elements, please see the configuration file settings for sample under post_processing.
Valid input for this parameter is for example: {‘univariate_normal’: True} to enable automatic calculation
of the univariate normal distribution for the model parameters.


	(Callable[ (post_sampling_cb) – 
	[mot.sample.base.SamplingOutput, mdt.models.composite.DMRICompositeModel], Optional[Dict]]):

	additional post-processing called after sampling. This function can optionally return a (nested)
dictionary with as keys dir-/file-names and as values maps to be stored in the results directory.








	sampler_options (dict) – specific options for the MCMC routine. These will be provided to the sampling routine
as additional keyword arguments to the constructor.






	Returns

	
	if store_samples is True then we return the samples per parameter as a numpy memmap. If store_samples

	is False we return None









	Return type

	dict










	
mdt.sort_maps(input_maps, reversed_sort=False, sort_index_matrix=None)

	Sort the values of the given maps voxel by voxel.

This first creates a sort matrix to index the maps in sorted order per voxel. Next, it creates the output
maps for the maps we sort on.


	Parameters

	
	input_maps (list) – a list of string (filenames) or ndarrays we will sort


	reversed_sort (boolean) – if we want to sort from large to small instead of small to large.
This is not used if a sort index matrix is provided.


	sort_index_matrix (ndarray) – if given we use this sort index map instead of generating one by sorting the
maps_to_sort_on. Supposed to be a integer matrix.






	Returns

	the list of sorted volumes



	Return type

	list










	
mdt.start_gui(base_dir=None, app_exec=True)

	Start the model fitting GUI.


	Parameters

	
	base_dir (str) – the starting directory for the file opening actions


	app_exec (boolean) – if true we execute the Qt application, set to false to disable.
This is only important if you want to start this GUI from within an existing Qt application. If you
leave this at true in that case, this will try to start a new Qt application which may create problems.













	
mdt.view_maps(data, config=None, figure_options=None, block=True, show_maximized=False, use_qt=True, window_title=None, save_filename=None)

	View a number of maps using the MDT Maps Visualizer.


	Parameters

	
	data (str, dict, DataInfo, list, tuple) – the data we are showing,
either a dictionary with result maps, a string with a path name, a DataInfo object or a list
with filenames and/or directories.


	config (str, dict, base import MapPlotConfig) – either a Yaml string or a
dictionary with configuration settings or a ValidatedMapPlotConfig object to use directly


	figure_options (dict) – Used when use_qt is False or when write_figure is used.
Sets the figure options for the matplotlib Figure.
If figsizes is not given you can also specify two ints, width and height, to indicate the pixel size of
the resulting figure, together with the dpi they are used to calculate the figsize.


	block (boolean) – if we block the plots or not


	show_maximized (boolean) – if we show the window maximized or not


	window_title (str) – the title for the window


	use_qt (boolean) – if we want to use the Qt GUI, or show the results directly in matplotlib


	save_filename (str) – save the figure to file. If set, we will not display the viewer.













	
mdt.view_result_samples(data, **kwargs)

	View the samples from the given results set.


	Parameters

	
	data (string or dict) – The location of the maps to use the samples from, or the samples themselves.


	kwargs (kwargs) – see SampleVisualizer for all the supported keywords













	
mdt.with_logging_to_debug()

	A context in which the logging is temporarily set to WARNING.

Example of usage:

with mdt.with_logging_to_debug():
    your_computations()





During the function your_computations only WARNING level logging will show up.






	
mdt.write_volume_maps(maps, directory, header=None, overwrite_volumes=True, gzip=True)

	Write a dictionary with maps to the given directory using the given header.


	Parameters

	
	maps (dict) – The maps with as keys the map names and as values 3d or 4d maps


	directory (str) – The dir to write to


	header – The Nibabel Image Header


	overwrite_volumes (boolean) – If we want to overwrite the volumes if they are present.


	gzip (boolean) – if we want to write the results gzipped


















          

      

      

    

  

    
      
          
            
  
mdt



	mdt package
	Subpackages
	mdt.cli_scripts package
	Submodules

	mdt.cli_scripts.MDT module

	mdt.cli_scripts.mdt_apply_mask module

	mdt.cli_scripts.mdt_batch_fit module

	mdt.cli_scripts.mdt_create_bvec_bval module

	mdt.cli_scripts.mdt_create_mask module

	mdt.cli_scripts.mdt_create_protocol module

	mdt.cli_scripts.mdt_create_roi_slice module

	mdt.cli_scripts.mdt_estimate_noise_std module

	mdt.cli_scripts.mdt_get_example_data module

	mdt.cli_scripts.mdt_gui module

	mdt.cli_scripts.mdt_info_img module

	mdt.cli_scripts.mdt_info_protocol module

	mdt.cli_scripts.mdt_init_user_settings module

	mdt.cli_scripts.mdt_list_devices module

	mdt.cli_scripts.mdt_list_models module

	mdt.cli_scripts.mdt_math_img module

	mdt.cli_scripts.mdt_math_protocol module

	mdt.cli_scripts.mdt_model_fit module

	mdt.cli_scripts.mdt_view_maps module

	mdt.cli_scripts.mdt_volume_merge module

	Module contents





	mdt.component_templates package
	Submodules

	mdt.component_templates.base module

	mdt.component_templates.batch_profiles module

	mdt.component_templates.compartment_models module

	mdt.component_templates.composite_models module

	mdt.component_templates.library_functions module

	mdt.component_templates.parameters module

	mdt.component_templates.utils module

	Module contents





	mdt.gui package
	Subpackages

	Submodules

	mdt.gui.utils module

	Module contents





	mdt.lib package
	Subpackages

	Submodules

	mdt.lib.batch_utils module

	mdt.lib.components module

	mdt.lib.deferred_mappings module

	mdt.lib.exceptions module

	mdt.lib.fsl_sampling_routine module

	mdt.lib.log_handlers module

	mdt.lib.masking module

	mdt.lib.model_fitting module

	mdt.lib.model_sampling module

	mdt.lib.nifti module

	mdt.lib.post_processing module

	mdt.lib.processing_strategies module

	mdt.lib.shell_utils module

	mdt.lib.sorting module

	Module contents





	mdt.model_building package
	Subpackages

	Submodules

	mdt.model_building.likelihood_functions module

	mdt.model_building.model_functions module

	mdt.model_building.parameters module

	mdt.model_building.signal_noise_models module

	mdt.model_building.trees module

	mdt.model_building.utils module

	Module contents





	mdt.models package
	Submodules

	mdt.models.base module

	mdt.models.compartments module

	mdt.models.composite module

	Module contents





	mdt.visualization package
	Subpackages

	Submodules

	mdt.visualization.dict_conversion module

	mdt.visualization.layouts module

	mdt.visualization.samples module

	mdt.visualization.utils module

	Module contents









	Submodules

	mdt.configuration module

	mdt.protocols module

	mdt.simulations module

	mdt.utils module

	Module contents













          

      

      

    

  

    
      
          
            
  
Introduction

The Microstructure Diffusion Toolbox (MDT) is a framework and library for microstructure modeling of magnetic resonance imaging (MRI) data.
The aim of MDT is to provide reproducible and comparable model fitting for MRI microstructure analysis.
As such, we provide a common platform for microstructure modeling including many models that can all be processed using the same optimization routines.
For maximum performance all models and algorithms were implemented to make use of all parallel processing capabilities of modern computers.
MDT combines flexible modeling with fast processing, targeting both model developers and data analysts.


Summary


	GPU accelerated processing


	Human Connectome Project (HCP) pipelines


	Includes CHARMED, NODDI, BinghamNODDI, NODDIDA, NODDI-DTI, ActiveAx, AxCaliber, Ball&Sticks, Ball&Rackets, Kurtosis, Tensor, VERDICT, qMT, and relaxometry (T1, T2) models.


	Includes Gaussian, Offset-Gaussian and Rician likelihood models


	Includes Powell, Levenberg-Marquardt and Nelder-Mead Simplex optimization routines


	Includes multiple (adaptive) MCMC sampling algorithms


	Supports hyperpriors on parameters


	Supports gradient deviations per voxel and per voxel per volume


	Supports volume weighted objective function


	Supports adding your own models


	Offers Graphical, command line and python interfaces


	Computations are parallelized over voxels and over volumes


	Python and OpenCL based


	Free Open Source Software: LGPL v3 license


	Runs on Windows, Mac and Linux operating systems


	Runs on Intel, Nvidia and AMD GPU’s and CPU’s.







Links


	Full documentation: http://mdt_toolbox.readthedocs.io


	Project home: https://github.com/robbert-harms/MDT







HCP Pipeline

MDT comes pre-installed with Human Connectome Project (HCP) compatible pipelines for the MGH and the WuMinn 3T studies.
To run, after installing MDT, go to the folder where you downloaded your (pre-processed) HCP data (MGH or WuMinn) and execute:

$ mdt-batch-fit . NODDI





and it will autodetect the study in use and fit your selected model to all the subjects.




Quick installation guide

The basic requirements for MDT are:


	Python 3.x


	OpenCL 1.2 (or higher) support in GPU driver or CPU runtime




Linux

For Ubuntu >= 16 you can use:


	sudo add-apt-repository ppa:robbert-harms/cbclab


	sudo apt-get update


	sudo apt-get install python3-mdt python3-pip


	sudo pip3 install tatsu




For Debian users and Ubuntu < 16 users, install MDT with:


	sudo apt-get install python3 python3-pip python3-pyopencl python3-numpy python3-nibabel python3-pyqt5 python3-matplotlib python3-yaml python3-argcomplete libpng-dev libfreetype6-dev libxft-dev


	sudo pip3 install mdt




Note that python3-nibabel may need NeuroDebian to be available on your machine. An alternative is to use pip3 install nibabel instead.

A Dockerfile and Singularity recipe were kindly provided by Ali Khan (on github: akhanf). These dockers come with Intel OpenCL drivers pre-loaded (e.g. for containerized deployment on a CPU cluster).
For example, to install using Docker use docker build -f containers/Dockerfile.intel ..

Windows

The installation on Windows is a little bit more complex and the following is only a quick reference guide.
For complete instructions please view the complete documentation [https://mdt_toolbox.readthedocs.org].


	Install Anaconda Python 3.*


	Install MOT using the guide at https://mot.readthedocs.io


	Open an Anaconda shell and type: pip install mdt




Mac


	Install Anaconda Python 3.*


	Open a terminal and type: pip install mdt




Please note that Mac support is experimental due to the unstable nature of the OpenCL drivers in Mac, that is, users running MDT with the GPU as selected device may experience crashes.
Running MDT in the CPU seems to work though.

For more information and full installation instructions see https://mdt_toolbox.readthedocs.org
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