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Welcome

Tissue Image Toolkit (timagetk) is a Python language package dedicated
to image processing of multicellular architectures such as plants or animals,
and is intended for biologists, modelers and computer scientists.

The package provides the following main functionalities (both in 2D and 3D):


Tissue Image Toolkit
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Coordination: S.Ribes, G.Malandain


	Teams:

	
	Inria-Cirad-Inra Virtual Plants [https://team.inria.fr/virtualplants/]

	Inria Morpheme [http://www-sop.inria.fr/morpheme/]

	Inria Project Lab Morphogenetics [https://team.inria.fr/morphogenetics/]







Stable release: 1.0.0

Written in: C, Python

Operaring system: Linux, Mac OS

Licence: Inria licence, no commercial use




	Linear filtering: gaussian, gradient, hessian, laplacian, etc.

	Grayscale mathematical morphology: erosion, dilation, opening, closing, hat transform, sequential filters, etc.

	Segmentation: h-transform, connected-component labeling, watershed, etc.

	Registration: rigid, affine and deformable registration, composition of transformations, sequence registration, multi-view fusion etc.

	Mathematical morphology and computation of features on labeled images: erosion, dilation, moments, spatial relationships, etc.

	Temporal tracking based on graph-theory

	Unit tests and examples: see the Examples



Thanks to Python [https://www.python.org/] language these functionalities can
be combined with many other Python libraries such as for example
NumPy [http://www.numpy.org/] and SciPy [http://scipy.org/about.html] for scientific
computing or matplotlib [http://matplotlib.org/] for curve plotting.




Documentation

This is the Documentation for Tissue Image Toolkit version 1.0.0.

To build timagetk‘s dynamic documentation (sphinx [http://www.sphinx-doc.org/en/stable/]), open a shell prompt and type:


	sudo pip install -U Sphinx



Go to the timagetk/timagetk/doc/ folder and type:


	make html



Open the file: timagetk/timagetk/build/html/index.html




Installation

There are many different ways to install Tissue Image Toolkit, and the best way depends on how you
want to use it and what you already have installed. Order to help you,
the Installation instructions have been detailed.




Licence

You can distribute and/or modify Tissue Image Toolkit under the terms of the Inria licence.
Many people have contributed to Tissue Image Toolkit. Some of the contributors are listed
in the Credits. If Tissue Image Toolkit contributes to a project that leads
to a scientific publication, please acknowledge this
work by Citing the project.
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Citing

To cite timagetk please use the following publication:
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Installation


Requirements


	python 2.7 (to check the version, open a shell prompt and type: python --version)

	pip [https://pypi.python.org/pypi/pip] and setuptools (extensions for python package installation)

	scons [http://scons.org/] (build tool)

	zlib [http://www.zlib.net/] (compression/decompression)

	numpy [http://www.numpy.org/] (array support for python)

	networkx [https://networkx.github.io/] (data structures for graphs)



To install pip, setuptools, scons, zlib and numpy:


	Ubuntu and Debian:
sudo apt-get install python-pip python-setuptools scons libz-dev python-numpy

	Fedora and Redhat:
sudo yum install python-pip python-setuptools scons zlib-devel numpy

	Mac (using Macports [https://www.macports.org/]):
sudo port install py27-pip py27-setuptools scons zlib-devel py27-numpy



To install networks (all platforms): sudo pip install networkx




Installing from source


Github

If you are interested in contributing to development or running the latest source code,
grab the git version. First, install the requirements and the development tools:


	Ubuntu & Debian: sudo apt-get install git gitk

	Fedora & Redhat: sudo yum install git gitk

	Mac: sudo port install git-core +doc +bash_completion +gitweb



To install nose [http://nose.readthedocs.io/en/latest/] (testing, all platforms): sudo pip install nose

Then:


	Clone the timagetk repository git clone https://github.com/VirtualPlants/timagetk.git

	Change directory to timagetk

	Run python setup.py develop --user

	Check that timagetk has been added to your .bashrc file

	
	If it is not the case, add the following lines to the bottom of your .bashrc file:

	
	timagetk_path=/path/to/timagetk/folder

	export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:${timagetk_path}/timagetk/build-scons/lib









	Open a new shell prompt

	Type nosetests -v to execute the tests










Documentation

To build timagetk‘s dynamic documentation (sphinx [http://www.sphinx-doc.org/en/stable/]), open a shell prompt and type:


	sudo pip install -U Sphinx



Go to the timagetk/timagetk/doc/ folder and type:


	make html



Open the file: timagetk/timagetk/build/html/index.html
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Documentation


Package Components

The package Components contains both a data structure (SpatialImage) and functionalities
dedicated to input/output operations (imread, imsave).

It consists in two modules : SpatialImage (see Module Spatial Image) and Input/Ouput (see Module Input/Output).


Module Spatial Image




Module Input/Output






Package Plugins

Tissue Image Toolkit (timagetk) can be used with or without the plug-in architecture provided
by OpenAleaLab and implemented within the platform TissueLab. TissueLab will automatically
detect the presence of Tissue Image Toolkit as plugins. Note that these plugins can be used independently
of the TissueLab environment.

Tissue Image Toolkit is based on a set of X groups of plugins whose API
(Application Programming Interface) are standardized, and these groups provide an
access to a total of X methods. The groups of plugins are:


	Linear Filtering (9 methods, see Module Linear Filtering)

	Grayscale Morphology (12 methods, see Module Grayscale Morphology)

	Averaging (5 methods, see Module Averaging)

	H-transform (2 methods, see Module H-transform)

	Region Labeling (1 method, see Module Region Labeling)

	Segmentation (1 method, see Module Segmentation)

	Labels Post Processing (X methods, see Module Labels Post Processing)

	Registration (3 methods, see Module Registration)

	Sequence Registration (3 methods, see Module Sequence registration)




Module Linear Filtering




Module Grayscale Morphology




Module Averaging




Module H-transform




Module Region Labeling




Module Segmentation




Module Labels Post Processing




Module Registration




Module Sequence registration
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Credits


Support

Those who have contributed to timagetk have received support throughout the
years from a variety of sources.


Funding

timagetk ackowledges support from the following:


	Inria Project Lab Morphogenetics [https://team.inria.fr/morphogenetics/]

	Computational Biology Institute (IBC-ANR) [http://www.ibc-montpellier.fr/]






Research Groups

timagetk ackowledges support from the following:


	Inria Project Lab Morphogenetics [https://team.inria.fr/morphogenetics/]

	Inria Morpheme [http://www-sop.inria.fr/morpheme/]

	Inria-Cirad-Inra Virtual Plants [https://team.inria.fr/virtualplants/]

	RDP-ENS Lyon








Contributors

This section aims to provide a list of people that have contributed to timagetk.
Creating an exhaustive list of contributors is difficult, and the list is almost
certainly incomplete. Contributors include bug reporters, testers, end users and academic advisors.

Algorithm development: G.Malandain, G.Michelin, S.Ribes, C.Godin.

Python wrapping: G.Baty, S.Ribes, G.Malandain, C.Pradal.

Python APIs: C.Godin, G.Malandain, S.Ribes, G.Baty.

Unit tests, tests: G.Baty, S.Ribes, G.Malandain, G.Michelin, A.Konig, A.Kiss-Gabor.

Examples: S.Ribes, G.Malandain, C.Godin, G.Cerutti, H.Oliveri, J.Legrand, F.Boudon, S.Artzet, C.Pradal.
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Examples

All sample scripts can be found in the folder timagetk/timagetk/examples/ and can be launched.

For example, to run the script input_output.py, open a shell prompt, go the
the folder examples and type: python input_output.py


Input/Output

This example illustrates input and output operations (see Package Components).

The resulting images (see folder timagetk/timagetk/examples/results/) can be checked against the
reference image by using any image visualization tool (such as TissueLab or fiji).

# imports
try:
    from timagetk.components import SpatialImage
    from timagetk.components import imread, imsave
    from timagetk.util import data_path
except ImportError:
    raise ImportError('Import Error')

out_path = './results/' # to save results
# input image path
img_path = data_path('time_0_cut.inr')
# .inr format to SpatialImage
sp_img = imread(img_path)
# sp_img is now a SpatialImage instance
if isinstance(sp_img, SpatialImage):
    
    # get the SpatialImage metadata, accessor
    metadata = sp_img.get_metadata() # dictionary
    # print the SpatialImage metadata
    print('Metadata :'), metadata
    # metadata modification
    metadata['filename'] = img_path
    # set the SpatialImage metadata, mutator
    sp_img.set_metadata(metadata)
    # print the SpatialImage metadata
    print('New metadata :'), sp_img.get_metadata()
    
    # get the SpatialImage voxelsize (list of floating numbers)
    vox = sp_img.get_voxelsize()
    # print the SpatialImage voxelsize
    print('Voxelsize :'), vox
    # voxelsize modification
    new_vox = [] # empty list
    for ind, val in enumerate(vox):
        new_vox.append(2.0*val)
    # set the SpatialImage voxelsize, mutator
    sp_img.set_voxelsize(new_vox)
    print('New voxelsize :'), sp_img.get_voxelsize()

    # output
    # filename
    res_name = 'example_input_output.tif'
    # SpatialImage to .tif format
    imsave(out_path+res_name, sp_img)
    # filename
    res_name = 'example_input_output.inr'
    # SpatialImage to .inr format
    imsave(out_path+res_name, sp_img)





You can find a detailed description of:


	data structure SpatialImage, see Module Spatial Image

	functions imread and imsave, see Module Input/Output






Rigid, affine and deformable registration

This example illustrates rigid, affine and deformable registration (see Module Registration).

A registration process requires two input images (floating_img and reference_img) and computes:


	a spatial transformation trsf_out between the two input images,

	a result image img_res corresponding to the floating image resampled into the reference frame.



The resulting images (see folder timagetk/timagetk/examples/results/) can be checked against the
reference image by using any image visualization tool (such as TissueLab or fiji).

[image: _images/registration.jpg]
# imports
try:
    from timagetk.util import data_path
    from timagetk.components import imread, imsave
    from timagetk.plugins import registration
    #from timagetk.wrapping.bal_trsf import BalTransformation
except ImportError:
    raise ImportError('Import Error')

out_path = './results/' # to save results
# we consider two different times
# time_1 is the floating image
# time_2 is the reference image
times = [1, 2]
# list of SpatialImage instances
list_images = [imread(data_path('time_' + str(time) + '.inr'))
               for time in times]
floating_img, reference_img = list_images[0], list_images[1]

# Rigid registration:
trsf_rig, res_rig = registration(floating_img,
                                 reference_img,
                                 method='rigid_registration')
# display the spatial transformation (4x4 matrix):
trsf_rig.c_display()
# save the spatial transformation:
res_name = 'example_trsf_rigid.trsf' # filename
trsf_rig.write(out_path+res_name)
# save the result image:
res_name = 'example_reg_rigid_1_2.tif' # filename
# SpatialImage to .tif format
imsave(out_path+res_name, res_rig)

# Affine registration:
trsf_aff, res_aff = registration(floating_img,
                                 reference_img,
                                 method='affine_registration')
res_name = 'example_reg_affine_1_2.tif' # filename
# SpatialImage to .tif format
imsave(out_path+res_name, res_aff)

# Deformable registration:
trsf_def, res_def = registration(floating_img,
                                 reference_img,
                                 method=
                                 'deformable_registration')
res_name = 'example_reg_deformable_1_2.tif' # filename
# SpatialImage to .tif format
imsave(out_path+res_name, res_def)

# Save the reference image:
res_name = 'example_reg_reference.tif' # filename
# SpatialImage to .tif format
imsave(out_path+res_name, reference_img)








Sequence Registration

This example illustrates rigid and affine registration along a whole sequence (see Module Sequence registration).

This process requires a list of images (a sequence) and computes:


	a list of spatial transformations list_compo_trsf between successive images and the reference image,

	a list of result images list_res_img corresponding to the successive images resampled into the reference frame.



By default, the reference image is the last image of the sequence and all images are resampled into this frame.
The resulting images (see folder timagetk/timagetk/examples/results/) can be checked against the
reference image by using any image visualization tool (such as TissueLab or fiji).

[image: _images/seq_rigid_registration.jpg]
# imports
try:
    from timagetk.util import data_path
    from timagetk.components import imread, imsave
    from timagetk.plugins import sequence_registration
except ImportError:
    raise ImportError('Import Error')

out_path = './results/' # to save results
# we consider three different times
# time_0 is the floating image
# time_1 is first the local reference image,
# and becames the floating image
# time_2 is the global reference image
times = [0, 1, 2]
# list of SpatialImage instances
list_images = [imread(data_path('time_' + str(time) + '.inr'))
               for time in times]

# Rigid registration along the whole sequence:
# list_compo_trsf : list of transformations
# list_res_img : list of resulting images
# the primitive embeds an iterative registration
list_compo_trsf, list_res_img = sequence_registration(list_images,
                          method='sequence_rigid_registration')
for ind, img in enumerate(list_res_img):
    # filenames
    res_name = ''.join(['example_seq_reg_rigid_', str(ind), '_',
                        str(times[-1]), '.inr'])
    # SpatialImage to .inr format
    imsave(out_path+res_name, img)

# Affine registration alog the whole sequence:
list_compo_trsf, list_res_img = sequence_registration(list_images,
                          method='sequence_affine_registration')
for ind, img in enumerate(list_res_img):
    # filenames
    res_name = ''.join(['example_seq_reg_affine_', str(ind), '_',
                        str(times[-1]), '.inr'])
    # SpatialImage to .inr format
    imsave(out_path+res_name, img)








Seeded-watershed segmentation

This example illustrates seeded-watershed segmentation.

# imports
try:
    from timagetk.util import data_path
    from timagetk.components import imread, imsave
    from timagetk.plugins import linear_filtering, morphology
    from timagetk.plugins import h_transform
    from timagetk.plugins import region_labeling, segmentation
    from timagetk.plugins import labels_post_processing
except ImportError:
    raise ImportError('Import Error')

out_path = './results/' # to save results
# we consider an input image
# SpatialImage instance
input_img = imread(data_path('input.tif'))

# optional denoising block
smooth_img = linear_filtering(input_img, std_dev=2.0,
                              method='gaussian_smoothing')
asf_img = morphology(smooth_img, max_radius=3,
                     method='co_alternate_sequential_filter')

ext_img = h_transform(asf_img, h=150,
                      method='h_transform_min')
con_img = region_labeling(ext_img, low_threshold=1,
                          high_threshold=150,
                          method='connected_components')
seg_img = segmentation(smooth_img, con_img, control='first',
                       method='seeded_watershed')

# optional post processig block
pp_img = labels_post_processing(seg_img, radius=1,
                                iterations=1,
                                method='labels_erosion')

res_name = 'example_segmentation.tif'
imsave(out_path+res_name, pp_img)








Computation of features

This example illustrates computation of geometrical features on labeled images.
This process requires a labeled image and computes several features such as moments,
spatial relationships, etc. This algorithm returns a dictionary that can be pickled
(see pickle module).

[image: _images/geometrical_features.jpg]
# imports
import numpy as np
try:
    from timagetk.util import data_path
    from timagetk.components import imread
    from timagetk.algorithms import GeometricalFeatures
except ImportError:
    raise ImportError('Import Error')
try:
    import cPickle as pickle
except:
    import pickle

out_path = './results/' # to save results
# We consider two different times
times = [3,4]
list_images = [imread(data_path('time_' + str(time) + '_seg.inr'))
                for time in times] # list of SpatialImage
feature_space_list = []
for ind, time in enumerate(times):
    segmentation = list_images[ind] # segmentations
    labels = np.unique(segmentation).tolist() # labels
    background_id = np.min(labels)
    labels.remove(background_id) # remove background
    int_seg = GeometricalFeatures(segmentation, label=labels) # GeometricalFeatures object
    feature_space_dict = int_seg.compute_feature_space(background_id=background_id) # compute feature space
    feature_space_list.append(feature_space_dict)

for ind, time in enumerate(times):
    pkl_path = ''.join([out_path, 'example_geom_feat_time_', str(times[ind]), '.pkl'])
    out = open(str(pkl_path), 'wb')
    # save as pickle object (serialization)
    pickle.dump(feature_space_list[ind], out)
    out.close()

print('')
sp_label = 137
print('Retrieve information for the label :'), sp_label
print('')
print('Label : '), str(sp_label), feature_space_list[0][sp_label]
print('')
print('Label : '), str(sp_label), feature_space_list[1][sp_label]





Label :  137 {'Neighbors': [32, 124, 149, 195, 282, 297, 298, 312],
              'Distances': {32: 5.28, 195: 6.963, 297: 4.348, 298: 5.989,
                           149: 5.8, 312: 4.783, 282: 5.665, 124: 7.703},
              'Bounding box volume': 12180,
              'Physical centroid': (55.428, 62.878, 1.191),
              'Label': 137, 'Bounding box size': (29, 30, 14),
              'Physical volume': 117.329, 'Index centroid': (186, 211, 3),
              'Bounding box': (172, 200, 197, 226, 0, 13)}








Temporal tracking

This example illustrates tracking of objects on labeled images.

# imports
import numpy as np
try:
    from timagetk.util import data_path
    from timagetk.components import imread, imsave, SpatialImage
    from timagetk.plugins import labels_post_processing
    from timagetk.algorithms import GeometricalFeatures
    from timagetk.algorithms import TemporalMatching
except ImportError:
    raise ImportError('Import Error')
try:
    import cPickle as pickle
except:
    import pickle

out_path = './results/'
# We consider two different times
times = [3,4]
segmentation_list, feature_space_list, back_id_list = [], [], []

for ind, val in enumerate(times):
    img = imread(data_path('time_' + str(val) + '_seg.inr'))

    # subimage extraction
    shape = img.get_shape()
    indices = [0,shape[0]-1,0,shape[1]-1,0,5]
    img = img.get_region(indices=indices)

    # remove small cells
    labels = np.unique(img).tolist()
    img = labels_post_processing(img, method='labels_erosion', radius=2)
    img[img==0] = np.min(labels)
    img = SpatialImage(img, voxelsize=img.get_voxelsize())

    # save input labeled images
    res_name = 'example_track_time_' + str(val) + '_seg.inr'
    imsave(out_path+res_name, img)

    labels = np.unique(img).tolist() # list of labels
    back_id = np.min(labels) # background identifier
    back_id_list.append(back_id)
    labels.remove(back_id)

    # feature space computation
    obj_gf = GeometricalFeatures(img, label=labels)
    feature_space = obj_gf.compute_feature_space()
    segmentation_list.append(img), feature_space_list.append(feature_space)

# temporal matching
obj_tm = TemporalMatching(segmentation_list=segmentation_list,
                          feature_space_list=feature_space_list,
                          background_id_list=back_id_list)

# computation of admissible matching
adm_match_list = obj_tm.get_admissible_matching_list()

# matching criterion (default is None)
criterion='Jaccard coefficient'
# computation of normalized matching costs
norm_cost_list = obj_tm.compute_normalized_cost(adm_match_list,
                                                criterion=criterion)

poss_opt = ['matching','iterative_matching']
opt = 'matching'

if opt in poss_opt:
    if opt=='matching':
        # appear/disappear cost
        alpha_cost = int((80/100.0)*obj_tm.max_cost)
        # matching
        matching_dict = obj_tm.matching(norm_cost_list, alpha_cost)
    elif opt=='iterative_matching':
        # initial graph
        init_graph = obj_tm.build_init_graph(norm_cost_list)
        # iterative matching
        matching_dict = obj_tm.iterative_matching(norm_cost_list, init_graph)

    # write a dictionary of matching
    pkl_path = ''.join([out_path, 'example_track_matching_dict.pkl'])
    pkl_file = open(str(pkl_path), 'wb')
    # save as pickle object (serialization)
    pickle.dump(matching_dict, pkl_file)
    pkl_file.close()

    # resulting images
    img_list = obj_tm.res_images(matching_dict)
    # save results
    res_name = 'example_track_initial_cells.inr'
    imsave(out_path+res_name, img_list[0])
    res_name = 'example_track_final_cells.inr'
    imsave(out_path+res_name, img_list[1])
    res_name = 'example_track_disapp_cells.inr'
    imsave(out_path+res_name, img_list[2])
    res_name = 'example_track_app_cells.inr'
    imsave(out_path+res_name, img_list[3])
else:
    print('Poss. opt :'), poss_opt
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Time series registration: affine case.

Left, Center: resampling of floating images into the reference frame.
Right: reference frame.
Bottom: overlay of successive time points.
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g affine (middle) and deformable (bottom) registration.
Left (blue): resampling of floating images into the reference frame.
Center (red): reference frame.

Right: overlay between the reference and the resampled image
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Time series registration: rigid case.

Left, Center: resampling of floating images into the reference frame.
Right: reference frame.

Bottom: overlay of successive time points.






_static/down-pressed.png





_images/registration.jpg
Lrgf]

g affine (middle) and deformable (bottom) registration.
Left (blue): resampling of floating images into the reference frame.
Center (red): reference frame.

Right: overlay between the reference and the resampled image
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Time series registration: rigid case.

Left, Center: resampling of floating images into the reference frame.
Right: reference frame.

Bottom: overlay of successive time points.






_images/logo_timagetk.png
»
Tissue “

image ’
toolkit





_static/ajax-loader.gif





nav.xhtml

    
      Table of Contents


      
        		Welcome


      


    
  

_static/comment-bright.png





_static/up-pressed.png





_static/file.png





_static/plus.png





_static/logo_timagetk.png
»
Tissue “

image ’
toolkit





_static/down.png





_static/comment.png





_static/geometrical_features.jpg
Computation of geometrical features
on labeled objects.





