

    
      
          
            
  


scikit-surgerysurfacematch documentation


Features


	Base classes [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#interfaces] (pure virtual interfaces), for video segmentation, stereo reconstruction, rigid registration / pose estimation.


	A base class [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images] to handle rectification properly, and the right coordinate transformation, to save you the trouble.


	Stereo reconstruction classes based on Stoyanov MICCAI 2010 [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#stoyanov-stereo-recon], and OpenCV SGBM [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.sgbm_reconstructor] reconstruction, using above interface, and both allowing for optional masking.


	Rigid registration using PCL’s ICP [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.pcl_icp_registration] implementation, which is wrapped in scikit-surgerypclcpp


	Rigid registration using GoICP [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.goicp_registration], which is wrapped in scikit-surgerygoicp


	A pipeline [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction] to combine the above, segment a video pair, do reconstruction, and register to a 3D model, where each part can then be swapped with whatever implementation you want, as long as you implement the right interface.


	A pipeline [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic] to take multiple stereo video snapshots, do surface reconstruction, mosaic them together, and then register to a 3D model. Again, each main component (video segmentation, surface reconstruction, rigid registration) is swappable. Inspired by: [Xiaohui Zhang’s](https://doi.org/10.1007/s11548-019-01974-6) method.




Source code [https://github.com/UCL/scikit-surgerysurfacematch/] is avaialble on GitHub.
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scikit-surgerysurfacematch is part of the SNAPPY [https://weisslab.cs.ucl.ac.uk/WEISS/PlatformManagement/SNAPPY/wikis/home] software project, developed at the Wellcome EPSRC Centre for Interventional and Surgical Sciences [http://www.ucl.ac.uk/weiss], part of University College London (UCL) [http://www.ucl.ac.uk/].

scikit-surgerysurfacematch supports Python 3.6 - 3.8

scikit-surgerysurfacematch contains algorithms that are useful in stereo reconstruction from video images, and matching to a pre-operative 3D model, represented as a point cloud.


Features


	Base classes [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#interfaces] (pure virtual interfaces), for video segmentation, stereo reconstruction, rigid registration / pose estimation.


	A base class [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images] to handle rectification properly, and the right coordinate transformation, to save you the trouble.


	Stereo reconstruction classes based on Stoyanov MICCAI 2010 [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#stoyanov-stereo-recon], and OpenCV SGBM [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.sgbm_reconstructor] reconstruction, using above interface, and both allowing for optional masking.


	Rigid registration using PCL’s ICP [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.pcl_icp_registration] implementation, which is wrapped in scikit-surgerypclcpp


	Rigid registration using GoICP [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.algorithms.goicp_registration], which is wrapped in scikit-surgerygoicp


	A pipeline [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction] to combine the above, segment a video pair, do reconstruction, and register to a 3D model, where each part can then be swapped with whatever implementation you want, as long as you implement the right interface.


	A pipeline [https://scikit-surgerysurfacematch.readthedocs.io/en/latest/module_ref.html#module-sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic] to take multiple stereo video snapshots, do surface reconstruction, mosaic them together, and then register to a 3D model. Again, each main component (video segmentation, surface reconstruction, rigid registration) is swappable. Inspired by: [Xiaohui Zhang’s](https://doi.org/10.1007/s11548-019-01974-6) method.







Developing


Cloning

You can clone the repository using the following command:

git clone https://github.com/UCL/scikit-surgerysurfacematch








Running tests

Pytest is used for running unit tests:

pip install pytest
python -m pytest








Linting

This code conforms to the PEP8 standard. Pylint can be used to analyse the code:

pip install pylint
pylint --rcfile=tests/pylintrc sksurgerysurfacematch










Installing

You can pip install directly from the repository as follows:

pip install git+https://github.com/UCL/scikit-surgerysurfacematch






Contributing

Please see the contributing guidelines [https://github.com/UCL/scikit-surgerysurfacematch/blob/master/CONTRIBUTING.rst].




Useful links


	Source code repository [https://github.com/UCL/scikit-surgerysurfacematch]


	Documentation [https://scikit-surgerysurfacematch.readthedocs.io]









Licensing and copyright

Copyright 2020 University College London.
scikit-surgerysurfacematch is released under the BSD-3 license. Please see the license file [https://github.com/UCL/scikit-surgerysurfacematch/blob/master/LICENSE] for details.
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Algorithms


ICP

PCL ICP implementation of RigidRegistration interface.


	
class sksurgerysurfacematch.algorithms.pcl_icp_registration.RigidRegistration(max_iterations: int = 100, max_correspondence_threshold: float = 1, transformation_epsilon: float = 0.0001, fitness_epsilon: float = 0.0001, use_lm_icp: bool = True)[source]

	Bases: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration

Class that uses PCL implementation of ICP to register fixed/moving clouds.


	
register(moving_cloud: numpy.ndarray, fixed_cloud: numpy.ndarray)[source]

	Uses PCL library, wrapped in scikit-surgerypclcpp.


	Parameters

	
	moving_cloud – [Nx3] source/moving point cloud.


	fixed_cloud – [Mx3] target/fixed point cloud.






	Returns

	[4x4] transformation matrix, moving-to-fixed space.
















GoICP

Go ICP implementation of RigidRegistration interface.


	
class sksurgerysurfacematch.algorithms.goicp_registration.RigidRegistration(dt_size: int = 200, dt_factor: float = 2.0, normalise: bool = True, num_moving_points: int = 1000, rotation_limits=[-45, 45], trans_limits=[-0.5, 0.5])[source]

	Bases: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration

Class that uses GoICP implementation to register fixed/moving clouds.


	Parameters

	
	dt_size (int, optional) – Distance transform size, defaults to 200


	dt_factor (float, optional) – Distance transform scale factor, defaults to 2.0


	normalise (bool, optional) – Normalsie data before GoICP (recommended),         the resultant transform is given back in ‘normal’ space, i.e. the             noramlisation is reversed, defaults to True


	num_moving_points (int, optional) – How many points to sample from moving point         cloud (fewer is faster), defaults to 1000


	rotation_limits (list, optional) – Limits on how much the moving cloud can rotate to         find a good solution, defaults to [-45, 45]


	trans_limits (list, optional) – Limits on how much the moving cloud can translate to         find a good solution. If normalise=True, this translation is in [-1 1]             space, defaults to [-0.5, 0.5]









	
register(moving_cloud: numpy.ndarray, fixed_cloud: numpy.ndarray) → numpy.ndarray[source]

	Uses GoICP library, wrapped in scikit-surgerygoicp.


	Parameters

	
	fixed_cloud – [Nx3] fixed point cloud.


	moving_cloud – [Mx3] moving point cloud.


	normalise – If true, data will be centred around 0 and normalised.


	num_moving_points – How many points to sample from moving cloud             if 0, use all points






	Returns

	[4x4] transformation matrix, moving-to-fixed space.














	
sksurgerysurfacematch.algorithms.goicp_registration.create_scaling_matrix(scale: float) → numpy.ndarray[source]

	Create a scaling matrix, with the same value in each axis.






	
sksurgerysurfacematch.algorithms.goicp_registration.create_translation_matrix(translate: numpy.ndarray) → numpy.ndarray[source]

	Create translation matrix from 3x1 translation vector.






	
sksurgerysurfacematch.algorithms.goicp_registration.demean_and_normalise(points_a: numpy.ndarray, points_b: numpy.ndarray)[source]

	Independently centre each point cloud around 0,0,0, then normalise
both to [-1,1].


	Parameters

	
	points_a (np.ndarray) – 1st point cloud


	points_b (np.ndarray) – 2nd point cloud






	Returns

	normalised points clouds, scale factor & translations










	
sksurgerysurfacematch.algorithms.goicp_registration.numpy_to_POINT3D_array(numpy_pointcloud)[source]

	Covert numpy array to POINT3D array suitable for GoICP algorithm.






	
sksurgerysurfacematch.algorithms.goicp_registration.set_rotnode(limits_degrees) → sksurgerygoicppython.ROTNODE[source]

	Setup a ROTNODE with upper/lower rotation limits






	
sksurgerysurfacematch.algorithms.goicp_registration.set_transnode(trans_limits) → sksurgerygoicppython.TRANSNODE[source]

	Setup a TRANSNODE with upper/lower limits








Stereo Recon Base Class

Base class for surface reconstruction on already rectified images.


	
class sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages(lower_disparity_multiplier: float = 2.0, upper_disparity_multiplier: float = 2.0, alpha: float = 0)[source]

	Bases: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor

Base class for those stereo reconstruction methods that work specifically
from rectified images. This class handles rectification and
the necessary coordinate transformations. Note: The client calls
the reconstruct() method which requires undistorted images,
which are NOT already rectified. It’s THIS class that does the
rectification for you, and calls through to the _compute_disparity()
method that derived classes must implement.

Constructor creates some member variables, so this class
becomes statefull. You call reconstruct() once, and then
you can call extract multiple times with different masks
to pull out different subsets of data.


	Parameters

	
	lower_disparity_multiplier – min=median - (this * std), default = 2.0.


	upper_disparity_multiplier – max=median + (this * std), default = 2.0.


	apha – OpenCV alpha parameter, default = 0.









	
extract(left_mask: numpy.ndarray)[source]

	Extracts the actual point cloud. This is a separate method,
so that you can reconstruct once using reconstruct(), and then
call this extract method with multiple masks, without incurring
the cost of multiple calls to the reconstruction algorithm, which
may be expensive.
:param left_mask: mask image, single channel, same size as left_image
:return: [Nx6] point cloud where the 6 columns
are x, y, z in left camera space, followed by r, g, b colours.






	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	Implementation of stereo surface reconstruction that takes
undistorted images, rectifies them, asks derived classes
to compute a disparity map on the rectified images, and
then sorts out extracting points and their colours.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – undistorted left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – undistorted right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud where the 6 columns





are x, y, z in left camera space, followed by r, g, b colours.












SGBM Stereo Recon

Surface reconstruction using OpenCV’s SGBM reconstruction


	
class sksurgerysurfacematch.algorithms.sgbm_reconstructor.SGBMReconstructor(min_disparity=16, num_disparities=112, block_size=3, p_1=360, p_2=1440, disp_12_max_diff=0, uniqueness_ratio=0, speckle_window_size=0, speckle_range=0)[source]

	Bases: sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages

Constructor. See OpenCV StereoSGBM for parameter comments.








Stoyanov Stereo Recon

Surface reconstruction using Stoyanov MICCAI 2010 paper.


	
class sksurgerysurfacematch.algorithms.stoyanov_reconstructor.StoyanovReconstructor(use_hartley=False)[source]

	Bases: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor

Constructor.


	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	Implementation of dense stereo surface reconstruction using
Dan Stoyanov’s MICCAI 2010 method.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – undistorted left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – undistorted right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud where the 6 columns





are x, y, z in left camera space, and r, g, b, colors.














Interfaces


Rigid Registration

Base class (pure virtual interface) for rigid registration.


	
class sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration[source]

	Bases: object

Base class for classes that can rigidly register (align), two point clouds.


	
register(source_cloud: numpy.ndarray, target_cloud: numpy.ndarray)[source]

	A derived class must implement this.


	Parameters

	
	source_cloud – [Nx3] fixed point cloud.


	target_cloud – [Mx3] moving point cloud.






	Returns

	residual, [4x4] transformation matrix, moving-to-fixed space.
















Stereo Reconstruction

Base class (pure virtual interface) for classes that do stereo recon.


	
class sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor[source]

	Bases: object

Base class for stereo reconstruction algorithms. Clients call
the reconstruct() method, passing in undistorted images.
The output is an [Nx6] array where the N rows are each point,
and the 6 columns are x, y, z, r, g, b.


	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	A derived class must implement this.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud in left camera space, where N is the number





of points, and 6 columns are x,y,z,r,g,b.












Video Segmentation

Base class (pure virtual interface) for classes to do video segmentation


	
class sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor[source]

	Bases: object

Base class for classes that can segment a video image into a binary mask.
For example, a deep network that can produce a mask of background=0,
foreground=255.


	
segment(image: numpy.ndarray)[source]

	A derived class must implement this.


	Parameters

	image – image, BGR



	Returns

	image, same size as input, 1 channel, uchar, [0-255].


















Processing Pipelines


Register Point Cloud To Stereo Images

Pipeline to register 3D point cloud to 2D stereo video


	
class sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction.Register3DToStereoVideo(video_segmentor: sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor, surface_reconstructor: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor, rigid_registration: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration, left_camera_matrix: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None, z_range: list = None, radius_removal: list = None, voxel_reduction: list = None)[source]

	Bases: object

Class for single-shot, registration of 3D point cloud to stereo video.
Uses Dependency Injection for each pluggable component.


	Parameters

	
	video_segmentor – Optional class to pre-segment the video.


	surface_reconstructor – Mandatory class to do reconstruction.


	rigid_registration – Mandatory class to perform rigid alignment.


	left_camera_matrix – [3x3] camera matrix.


	right_camera_matrix – [3x3] camera matrix.


	left_to_right_rmat – [3x3] left-to-right rotation matrix.


	left_to_right_tvec – [1x3] left-to-right translation vector.


	left_mask – a static mask to apply to stereo reconstruction.


	z_range – [min range, max range] to limit reconstructed points.


	radius_removal – [radius, number] to reject points with too few     neighbours


	voxel_reduction – [vx, vy, vz] parameters for PCL     Voxel Grid reduction.









	
register(reference_cloud: numpy.ndarray, left_image: numpy.ndarray, right_image: numpy.ndarray, initial_ref2recon: numpy.ndarray = None) → Tuple[numpy.ndarray, numpy.ndarray, numpy.ndarray, numpy.ndarray][source]

	Main method to do a single 3D cloud to 2D stereo video registration.

Camera calibration parameters are in OpenCV format.


	Parameters

	
	reference_cloud – [Nx3] points, each row, x,y,z, e.g. from CT/MR.


	left_image – undistorted, BGR image


	right_image – undistorted, BGR image


	initial_ref2recon – [4x4] of initial rigid transform.






	Returns

	residual, [4x4] transform, of reference_cloud to left camera         space, [Mx3] downsampled xyz points and [Mx6] reconstructed point             cloud, as [x, y, z, r, g, b] rows.
















Register Point Cloud To Mosaic

Pipeline to register 3D point cloud to mosaic’ed surface reconstruction.


	
class sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic.Register3DToMosaicedStereoVideo(video_segmentor: sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor, surface_reconstructor: sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages, rigid_registration: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration, left_camera_matrix: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, min_number_of_keypoints: int = 25, max_fre_threshold=2, left_mask: numpy.ndarray = None, z_range: list = None, radius_removal: list = None, voxel_reduction: list = None)[source]

	Bases: object

Class to register a point cloud to a series of surfaces
derived from stereo video, and stitched together.

Uses Dependency Injection for each pluggable component.


	Parameters

	
	video_segmentor – Optional class to pre-segment the video.


	surface_reconstructor – Mandatory class to do reconstruction.


	rigid_registration – Mandatory class to perform rigid alignment.


	left_camera_matrix – [3x3] camera matrix.


	right_camera_matrix – [3x3] camera matrix.


	left_to_right_rmat – [3x3] left-to-right rotation matrix.


	left_to_right_tvec – [1x3] left-to-right translation vector.


	min_number_of_keypoints – Number of keypoints to use for matching.


	max_fre_threshold – maximum FRE when stitching frames together.


	left_mask – a static mask to apply to stereo reconstruction.


	z_range – [min range, max range] to limit reconstructed points.


	radius_removal – [radius, number] to reject points with too few     neighbours


	voxel_reduction – [vx, vy, vz] parameters for PCL








Voxel Grid reduction.


	
grab(left_image: numpy.ndarray, right_image: numpy.ndarray)[source]

	Call this repeatedly to grab a surface and use ORM key points to
match previous reconstruction to the current frame.


	Parameters

	
	left_image – undistorted, BGR image


	right_image – undistorted, BGR image













	
register(point_cloud: numpy.ndarray, initial_transform: numpy.ndarray = None)[source]

	Registers a point cloud to the internal mosaicc’ed reconstruction.


	Parameters

	
	point_cloud – [Nx3] points, each row, x,y,z, e.g. from CT/MR.


	initial_transform – [4x4] of initial rigid transform.






	Returns

	residual, [4x4] transform, of point_cloud to left camera space,





and [Mx6] reconstructed point cloud, as [x, y, z, r, g, b] rows.






	
reset()[source]

	Reset’s internal data members, so that you can start accumulating
data again.
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      	ValueThresholdSegmentor (class in sksurgerysurfacematch.algorithms.value_threshold_segmentor)
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sksurgerysurfacematch.algorithms.goicp_registration module

Go ICP implementation of RigidRegistration interface.


	
class sksurgerysurfacematch.algorithms.goicp_registration.RigidRegistration(dt_size: int = 200, dt_factor: float = 2.0, normalise: bool = True, num_moving_points: int = 1000, rotation_limits=[-45, 45], trans_limits=[-0.5, 0.5])[source]

	Bases: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration

Class that uses GoICP implementation to register fixed/moving clouds.


	Parameters

	
	dt_size (int, optional) – Distance transform size, defaults to 200


	dt_factor (float, optional) – Distance transform scale factor, defaults to 2.0


	normalise (bool, optional) – Normalsie data before GoICP (recommended),         the resultant transform is given back in ‘normal’ space, i.e. the             noramlisation is reversed, defaults to True


	num_moving_points (int, optional) – How many points to sample from moving point         cloud (fewer is faster), defaults to 1000


	rotation_limits (list, optional) – Limits on how much the moving cloud can rotate to         find a good solution, defaults to [-45, 45]


	trans_limits (list, optional) – Limits on how much the moving cloud can translate to         find a good solution. If normalise=True, this translation is in [-1 1]             space, defaults to [-0.5, 0.5]









	
register(moving_cloud: numpy.ndarray, fixed_cloud: numpy.ndarray) → numpy.ndarray[source]

	Uses GoICP library, wrapped in scikit-surgerygoicp.


	Parameters

	
	fixed_cloud – [Nx3] fixed point cloud.


	moving_cloud – [Mx3] moving point cloud.


	normalise – If true, data will be centred around 0 and normalised.


	num_moving_points – How many points to sample from moving cloud             if 0, use all points






	Returns

	[4x4] transformation matrix, moving-to-fixed space.














	
sksurgerysurfacematch.algorithms.goicp_registration.create_scaling_matrix(scale: float) → numpy.ndarray[source]

	Create a scaling matrix, with the same value in each axis.






	
sksurgerysurfacematch.algorithms.goicp_registration.create_translation_matrix(translate: numpy.ndarray) → numpy.ndarray[source]

	Create translation matrix from 3x1 translation vector.






	
sksurgerysurfacematch.algorithms.goicp_registration.demean_and_normalise(points_a: numpy.ndarray, points_b: numpy.ndarray)[source]

	Independently centre each point cloud around 0,0,0, then normalise
both to [-1,1].


	Parameters

	
	points_a (np.ndarray) – 1st point cloud


	points_b (np.ndarray) – 2nd point cloud






	Returns

	normalised points clouds, scale factor & translations










	
sksurgerysurfacematch.algorithms.goicp_registration.numpy_to_POINT3D_array(numpy_pointcloud)[source]

	Covert numpy array to POINT3D array suitable for GoICP algorithm.






	
sksurgerysurfacematch.algorithms.goicp_registration.set_rotnode(limits_degrees) → sksurgerygoicppython.ROTNODE[source]

	Setup a ROTNODE with upper/lower rotation limits






	
sksurgerysurfacematch.algorithms.goicp_registration.set_transnode(trans_limits) → sksurgerygoicppython.TRANSNODE[source]

	Setup a TRANSNODE with upper/lower limits









          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms.pcl_icp_registration module

PCL ICP implementation of RigidRegistration interface.


	
class sksurgerysurfacematch.algorithms.pcl_icp_registration.RigidRegistration(max_iterations: int = 100, max_correspondence_threshold: float = 1, transformation_epsilon: float = 0.0001, fitness_epsilon: float = 0.0001, use_lm_icp: bool = True)[source]

	Bases: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration

Class that uses PCL implementation of ICP to register fixed/moving clouds.


	
register(moving_cloud: numpy.ndarray, fixed_cloud: numpy.ndarray)[source]

	Uses PCL library, wrapped in scikit-surgerypclcpp.


	Parameters

	
	moving_cloud – [Nx3] source/moving point cloud.


	fixed_cloud – [Mx3] target/fixed point cloud.






	Returns

	[4x4] transformation matrix, moving-to-fixed space.

















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images module

Base class for surface reconstruction on already rectified images.


	
class sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages(lower_disparity_multiplier: float = 2.0, upper_disparity_multiplier: float = 2.0, alpha: float = 0)[source]

	Bases: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor

Base class for those stereo reconstruction methods that work specifically
from rectified images. This class handles rectification and
the necessary coordinate transformations. Note: The client calls
the reconstruct() method which requires undistorted images,
which are NOT already rectified. It’s THIS class that does the
rectification for you, and calls through to the _compute_disparity()
method that derived classes must implement.

Constructor creates some member variables, so this class
becomes statefull. You call reconstruct() once, and then
you can call extract multiple times with different masks
to pull out different subsets of data.


	Parameters

	
	lower_disparity_multiplier – min=median - (this * std), default = 2.0.


	upper_disparity_multiplier – max=median + (this * std), default = 2.0.


	apha – OpenCV alpha parameter, default = 0.









	
extract(left_mask: numpy.ndarray)[source]

	Extracts the actual point cloud. This is a separate method,
so that you can reconstruct once using reconstruct(), and then
call this extract method with multiple masks, without incurring
the cost of multiple calls to the reconstruction algorithm, which
may be expensive.
:param left_mask: mask image, single channel, same size as left_image
:return: [Nx6] point cloud where the 6 columns
are x, y, z in left camera space, followed by r, g, b colours.






	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	Implementation of stereo surface reconstruction that takes
undistorted images, rectifies them, asks derived classes
to compute a disparity map on the rectified images, and
then sorts out extracting points and their colours.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – undistorted left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – undistorted right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud where the 6 columns





are x, y, z in left camera space, followed by r, g, b colours.













          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms.sgbm_reconstructor module

Surface reconstruction using OpenCV’s SGBM reconstruction


	
class sksurgerysurfacematch.algorithms.sgbm_reconstructor.SGBMReconstructor(min_disparity=16, num_disparities=112, block_size=3, p_1=360, p_2=1440, disp_12_max_diff=0, uniqueness_ratio=0, speckle_window_size=0, speckle_range=0)[source]

	Bases: sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages

Constructor. See OpenCV StereoSGBM for parameter comments.









          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms.stoyanov_reconstructor module

Surface reconstruction using Stoyanov MICCAI 2010 paper.


	
class sksurgerysurfacematch.algorithms.stoyanov_reconstructor.StoyanovReconstructor(use_hartley=False)[source]

	Bases: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor

Constructor.


	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	Implementation of dense stereo surface reconstruction using
Dan Stoyanov’s MICCAI 2010 method.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – undistorted left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – undistorted right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud where the 6 columns





are x, y, z in left camera space, and r, g, b, colors.













          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms.value_threshold_segmentor module

Dummy segmentor, just to test the framework.


	
class sksurgerysurfacematch.algorithms.value_threshold_segmentor.ValueThresholdSegmentor(threshold=127)[source]

	Bases: sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor

Dummy segmentor, to test the framework. Simply converts BGR to HSV,
extracts the value channel, and applies a threshold between [0-255].

It’s not really useful for anything other than testing the interface.


	
segment(image: numpy.ndarray)[source]

	Converts image from BGR to HSV and thresholds the Value channel.


	Parameters

	image – image, BGR



	Returns

	image, same size as input, 1 channel, uchar, [0-255].

















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.algorithms package


Submodules



	sksurgerysurfacematch.algorithms.goicp_registration module

	sksurgerysurfacematch.algorithms.pcl_icp_registration module

	sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images module

	sksurgerysurfacematch.algorithms.sgbm_reconstructor module

	sksurgerysurfacematch.algorithms.stoyanov_reconstructor module

	sksurgerysurfacematch.algorithms.value_threshold_segmentor module








Module contents







          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.interfaces.rigid_registration module

Base class (pure virtual interface) for rigid registration.


	
class sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration[source]

	Bases: object

Base class for classes that can rigidly register (align), two point clouds.


	
register(source_cloud: numpy.ndarray, target_cloud: numpy.ndarray)[source]

	A derived class must implement this.


	Parameters

	
	source_cloud – [Nx3] fixed point cloud.


	target_cloud – [Mx3] moving point cloud.






	Returns

	residual, [4x4] transformation matrix, moving-to-fixed space.

















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.interfaces.stereo_reconstructor module

Base class (pure virtual interface) for classes that do stereo recon.


	
class sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor[source]

	Bases: object

Base class for stereo reconstruction algorithms. Clients call
the reconstruct() method, passing in undistorted images.
The output is an [Nx6] array where the N rows are each point,
and the 6 columns are x, y, z, r, g, b.


	
reconstruct(left_image: numpy.ndarray, left_camera_matrix: numpy.ndarray, right_image: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None)[source]

	A derived class must implement this.

Camera parameters are those obtained from OpenCV.


	Parameters

	
	left_image – left image, BGR


	left_camera_matrix – [3x3] camera matrix


	right_image – right image, BGR


	right_camera_matrix – [3x3] camera matrix


	left_to_right_rmat – [3x3] rotation matrix


	left_to_right_tvec – [3x1] translation vector


	left_mask – mask image, single channel, same size as left_image






	Returns

	[Nx6] point cloud in left camera space, where N is the number





of points, and 6 columns are x,y,z,r,g,b.













          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.interfaces.video_segmentor module

Base class (pure virtual interface) for classes to do video segmentation


	
class sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor[source]

	Bases: object

Base class for classes that can segment a video image into a binary mask.
For example, a deep network that can produce a mask of background=0,
foreground=255.


	
segment(image: numpy.ndarray)[source]

	A derived class must implement this.


	Parameters

	image – image, BGR



	Returns

	image, same size as input, 1 channel, uchar, [0-255].

















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.interfaces package


Submodules



	sksurgerysurfacematch.interfaces.rigid_registration module

	sksurgerysurfacematch.interfaces.stereo_reconstructor module

	sksurgerysurfacematch.interfaces.video_segmentor module








Module contents







          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic module

Pipeline to register 3D point cloud to mosaic’ed surface reconstruction.


	
class sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic.Register3DToMosaicedStereoVideo(video_segmentor: sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor, surface_reconstructor: sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images.StereoReconstructorWithRectifiedImages, rigid_registration: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration, left_camera_matrix: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, min_number_of_keypoints: int = 25, max_fre_threshold=2, left_mask: numpy.ndarray = None, z_range: list = None, radius_removal: list = None, voxel_reduction: list = None)[source]

	Bases: object

Class to register a point cloud to a series of surfaces
derived from stereo video, and stitched together.

Uses Dependency Injection for each pluggable component.


	Parameters

	
	video_segmentor – Optional class to pre-segment the video.


	surface_reconstructor – Mandatory class to do reconstruction.


	rigid_registration – Mandatory class to perform rigid alignment.


	left_camera_matrix – [3x3] camera matrix.


	right_camera_matrix – [3x3] camera matrix.


	left_to_right_rmat – [3x3] left-to-right rotation matrix.


	left_to_right_tvec – [1x3] left-to-right translation vector.


	min_number_of_keypoints – Number of keypoints to use for matching.


	max_fre_threshold – maximum FRE when stitching frames together.


	left_mask – a static mask to apply to stereo reconstruction.


	z_range – [min range, max range] to limit reconstructed points.


	radius_removal – [radius, number] to reject points with too few     neighbours


	voxel_reduction – [vx, vy, vz] parameters for PCL








Voxel Grid reduction.


	
grab(left_image: numpy.ndarray, right_image: numpy.ndarray)[source]

	Call this repeatedly to grab a surface and use ORM key points to
match previous reconstruction to the current frame.


	Parameters

	
	left_image – undistorted, BGR image


	right_image – undistorted, BGR image













	
register(point_cloud: numpy.ndarray, initial_transform: numpy.ndarray = None)[source]

	Registers a point cloud to the internal mosaicc’ed reconstruction.


	Parameters

	
	point_cloud – [Nx3] points, each row, x,y,z, e.g. from CT/MR.


	initial_transform – [4x4] of initial rigid transform.






	Returns

	residual, [4x4] transform, of point_cloud to left camera space,





and [Mx6] reconstructed point cloud, as [x, y, z, r, g, b] rows.






	
reset()[source]

	Reset’s internal data members, so that you can start accumulating
data again.













          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction module

Pipeline to register 3D point cloud to 2D stereo video


	
class sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction.Register3DToStereoVideo(video_segmentor: sksurgerysurfacematch.interfaces.video_segmentor.VideoSegmentor, surface_reconstructor: sksurgerysurfacematch.interfaces.stereo_reconstructor.StereoReconstructor, rigid_registration: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration, left_camera_matrix: numpy.ndarray, right_camera_matrix: numpy.ndarray, left_to_right_rmat: numpy.ndarray, left_to_right_tvec: numpy.ndarray, left_mask: numpy.ndarray = None, z_range: list = None, radius_removal: list = None, voxel_reduction: list = None)[source]

	Bases: object

Class for single-shot, registration of 3D point cloud to stereo video.
Uses Dependency Injection for each pluggable component.


	Parameters

	
	video_segmentor – Optional class to pre-segment the video.


	surface_reconstructor – Mandatory class to do reconstruction.


	rigid_registration – Mandatory class to perform rigid alignment.


	left_camera_matrix – [3x3] camera matrix.


	right_camera_matrix – [3x3] camera matrix.


	left_to_right_rmat – [3x3] left-to-right rotation matrix.


	left_to_right_tvec – [1x3] left-to-right translation vector.


	left_mask – a static mask to apply to stereo reconstruction.


	z_range – [min range, max range] to limit reconstructed points.


	radius_removal – [radius, number] to reject points with too few     neighbours


	voxel_reduction – [vx, vy, vz] parameters for PCL     Voxel Grid reduction.









	
register(reference_cloud: numpy.ndarray, left_image: numpy.ndarray, right_image: numpy.ndarray, initial_ref2recon: numpy.ndarray = None) → Tuple[numpy.ndarray, numpy.ndarray, numpy.ndarray, numpy.ndarray][source]

	Main method to do a single 3D cloud to 2D stereo video registration.

Camera calibration parameters are in OpenCV format.


	Parameters

	
	reference_cloud – [Nx3] points, each row, x,y,z, e.g. from CT/MR.


	left_image – undistorted, BGR image


	right_image – undistorted, BGR image


	initial_ref2recon – [4x4] of initial rigid transform.






	Returns

	residual, [4x4] transform, of reference_cloud to left camera         space, [Mx3] downsampled xyz points and [Mx6] reconstructed point             cloud, as [x, y, z, r, g, b] rows.

















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.pipelines package


Submodules



	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic module

	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction module








Module contents







          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.ui package


Module contents

scikit-surgerysurfacematch







          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.utils.ply_utils module

Methods for saving .ply files etc.


	
sksurgerysurfacematch.utils.ply_utils.write_ply(ply_data: list, ply_file: str)[source]

	Writes a .ply format file.


	Parameters

	
	ply_data – points and colours stored as list


	ply_file – file name













	
sksurgerysurfacematch.utils.ply_utils.write_pointcloud(points: numpy.ndarray, colours: numpy.ndarray, file_name: str)[source]

	Write point cloud points and colours to .ply file.
:param points: [Nx3] ndarray, of x, y, z coordinates
:param colours: [Nx3] ndarray, of r, g, b colours
:param file_name: filename including .ply extension









          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.utils.projection_utils module

Various utilities, mainly to help testing.


	
sksurgerysurfacematch.utils.projection_utils.reproject_and_save(image, model_to_camera, point_cloud, camera_matrix, output_file)[source]

	For testing purposes, projects points onto image, and writes to file.


	Parameters

	
	image – BGR image, undistorted.


	model_to_camera – [4x4] ndarray of model-to-camera transform


	point_cloud – [Nx3] ndarray of cloud of points to project


	camera_matrix – [3x3] OpenCV camera_matrix (intrinsics)


	output_file – file name
















          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.utils.registration_utils module

Various registration routines to reduce duplication.


	
sksurgerysurfacematch.utils.registration_utils.do_rigid_registration(reconstructed_cloud, reference_cloud, rigid_registration: sksurgerysurfacematch.interfaces.rigid_registration.RigidRegistration, initial_ref2recon: numpy.ndarray = None)[source]

	Triggers a rigid body registration using rigid_registration.
:param reconstructed_cloud: [Nx3] point cloud, e.g. from video.
:param reference_cloud: [Mx3] point cloud, e.g. from CT/MR
:param rigid_registration: Object that implements a rigid registration.
:param initial_ref2recon_transform: [4x4] ndarray representing an initial     estimate.
:return: residual (float), [4x4] transform









          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch.utils package


Submodules



	sksurgerysurfacematch.utils.ply_utils module

	sksurgerysurfacematch.utils.projection_utils module

	sksurgerysurfacematch.utils.registration_utils module








Module contents







          

      

      

    

  

    
      
          
            
  


sksurgerysurfacematch package


Subpackages



	sksurgerysurfacematch.algorithms package
	Submodules
	sksurgerysurfacematch.algorithms.goicp_registration module

	sksurgerysurfacematch.algorithms.pcl_icp_registration module

	sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images module

	sksurgerysurfacematch.algorithms.sgbm_reconstructor module

	sksurgerysurfacematch.algorithms.stoyanov_reconstructor module

	sksurgerysurfacematch.algorithms.value_threshold_segmentor module





	Module contents





	sksurgerysurfacematch.interfaces package
	Submodules
	sksurgerysurfacematch.interfaces.rigid_registration module

	sksurgerysurfacematch.interfaces.stereo_reconstructor module

	sksurgerysurfacematch.interfaces.video_segmentor module





	Module contents





	sksurgerysurfacematch.pipelines package
	Submodules
	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic module

	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction module





	Module contents





	sksurgerysurfacematch.ui package
	Module contents





	sksurgerysurfacematch.utils package
	Submodules
	sksurgerysurfacematch.utils.ply_utils module

	sksurgerysurfacematch.utils.projection_utils module

	sksurgerysurfacematch.utils.registration_utils module





	Module contents












Module contents

scikit-surgerysurfacematch







          

      

      

    

  

    
      
          
            
  All modules for which code is available

	sksurgerysurfacematch.algorithms.goicp_registration

	sksurgerysurfacematch.algorithms.pcl_icp_registration

	sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images

	sksurgerysurfacematch.algorithms.sgbm_reconstructor

	sksurgerysurfacematch.algorithms.stoyanov_reconstructor

	sksurgerysurfacematch.algorithms.value_threshold_segmentor

	sksurgerysurfacematch.interfaces.rigid_registration

	sksurgerysurfacematch.interfaces.stereo_reconstructor

	sksurgerysurfacematch.interfaces.video_segmentor

	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic

	sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction

	sksurgerysurfacematch.utils.ply_utils

	sksurgerysurfacematch.utils.projection_utils

	sksurgerysurfacematch.utils.registration_utils




          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.goicp_registration

# -*- coding: utf-8 -*-

""" Go ICP implementation of RigidRegistration interface. """

# pylint:disable=invalid-name, no-name-in-module

import logging
import numpy as np
from sksurgerygoicppython import  GoICP, POINT3D, ROTNODE, TRANSNODE
import sksurgerysurfacematch.interfaces.rigid_registration as rr

LOGGER = logging.getLogger(__name__)

[docs]def numpy_to_POINT3D_array(numpy_pointcloud):
    """ Covert numpy array to POINT3D array suitable for GoICP algorithm."""
    plist = numpy_pointcloud.tolist()
    p3dlist = []
    for x, y, z in plist:
        pt = POINT3D(x, y, z)
        p3dlist.append(pt)
    return numpy_pointcloud.shape[0], p3dlist



[docs]def create_scaling_matrix(scale: float) -> np.ndarray:
    """ Create a scaling matrix, with the same value in each axis. """
    matrix = np.eye(4)

    matrix[0][0] = scale
    matrix[1][1] = scale
    matrix[2][2] = scale

    return matrix


[docs]def create_translation_matrix(translate: np.ndarray) -> np.ndarray:
    """ Create translation matrix from 3x1 translation vector. """
    matrix = np.eye(4)
    matrix[:3, 3] = translate

    return matrix


[docs]def demean_and_normalise(points_a: np.ndarray,
                         points_b: np.ndarray):
    """
    Independently centre each point cloud around 0,0,0, then normalise
    both to [-1,1].

    :param points_a: 1st point cloud
    :type points_a: np.ndarray
    :param points_b: 2nd point cloud
    :type points_b: np.ndarray
    :return: normalised points clouds, scale factor & translations
    """

    translate_a = np.mean(points_a, axis=0)
    translate_b = np.mean(points_b, axis=0)
    a_demean = points_a - translate_a
    b_demean = points_b - translate_b

    norm_factor = np.max([np.max(np.abs(a_demean)),
                          np.max(np.abs(b_demean))])

    a_normalised = a_demean / norm_factor
    b_normalised = b_demean / norm_factor

    scale_matrix = create_scaling_matrix(norm_factor)
    translate_a_matrix = create_translation_matrix(translate_a)
    translate_b_matrix = create_translation_matrix(translate_b)

    return a_normalised, b_normalised, scale_matrix, \
         translate_a_matrix, translate_b_matrix


[docs]def set_rotnode(limits_degrees) -> ROTNODE:
    """ Setup a ROTNODE with upper/lower rotation limits"""

    lower_degrees = limits_degrees[0]
    upper_degrees = limits_degrees[1]

    l_rads = lower_degrees * 3.14 / 180
    u_rads = upper_degrees * 3.14 / 180

    r_node = ROTNODE()

    r_node.a = l_rads
    r_node.b = l_rads
    r_node.c = l_rads
    r_node.w = u_rads - l_rads

    print(f'RotNode.a = {r_node.a}, RotNode.w = {r_node.w}')
    return r_node


[docs]def set_transnode(trans_limits) -> TRANSNODE:
    """ Setup a TRANSNODE with upper/lower limits"""

    t_node = TRANSNODE()

    t_node.x = trans_limits[0]
    t_node.y = trans_limits[0]
    t_node.z = trans_limits[0]

    t_node.w = trans_limits[1] - trans_limits[0]

    return t_node


[docs]class RigidRegistration(rr.RigidRegistration):
    """
    Class that uses GoICP implementation to register fixed/moving clouds.

    :param dt_size: Distance transform size, defaults to 200
    :type dt_size: int, optional
    :param dt_factor: Distance transform scale factor, defaults to 2.0
    :type dt_factor: float, optional
    :param normalise: Normalsie data before GoICP (recommended), \
        the resultant transform is given back in 'normal' space, i.e. the \
            noramlisation is reversed, defaults to True
    :type normalise: bool, optional
    :param num_moving_points: How many points to sample from moving point \
        cloud (fewer is faster), defaults to 1000
    :type num_moving_points: int, optional
    :param rotation_limits: Limits on how much the moving cloud can rotate to \
        find a good solution, defaults to [-45, 45]
    :type rotation_limits: list, optional
    :param trans_limits: Limits on how much the moving cloud can translate to \
        find a good solution. If normalise=True, this translation is in [-1 1] \
            space, defaults to [-0.5, 0.5]
    :type trans_limits: list, optional

    """
    #pylint:disable=dangerous-default-value
    def __init__(self,
                 dt_size: int = 200,
                 dt_factor: float = 2.0,
                 normalise: bool = True,
                 num_moving_points: int = 1000,
                 rotation_limits=[-45, 45],
                 trans_limits=[-0.5, 0.5]):

        r_node = set_rotnode(rotation_limits)
        t_node = set_transnode(trans_limits)

        self.goicp = GoICP()
        self.goicp.setDTSizeAndFactor(dt_size, dt_factor)
        self.goicp.setInitNodeRot(r_node)
        self.goicp.setInitNodeTrans(t_node)

        self.normalise = normalise
        self.num_moving_points = num_moving_points

[docs]    def register(self,
                 moving_cloud: np.ndarray,
                 fixed_cloud: np.ndarray) -> np.ndarray:
        """
        Uses GoICP library, wrapped in scikit-surgerygoicp.

        :param fixed_cloud: [Nx3] fixed point cloud.
        :param moving_cloud: [Mx3] moving point cloud.
        :param normalise: If true, data will be centred around 0 and normalised.
        :param num_moving_points: How many points to sample from moving cloud \
            if 0, use all points
        :return: [4x4] transformation matrix, moving-to-fixed space.
        """

        LOGGER.info("Fixed cloud shape %s", fixed_cloud.shape)
        LOGGER.info("Moving cloud shape %s", moving_cloud.shape)

        if self.normalise:
            fixed_cloud, moving_cloud, scale, trans_fixed, trans_moving = \
                demean_and_normalise(fixed_cloud, moving_cloud)

        if self.num_moving_points > 0:
            n_moving = moving_cloud.shape[0]

            if self.num_moving_points > n_moving:
                self.num_moving_points = n_moving

            idxs = np.random.choice(range(n_moving),
                                    self.num_moving_points,
                                    replace=False)
            moving_cloud = moving_cloud[idxs, :]

        Nm, a_points = numpy_to_POINT3D_array(fixed_cloud)
        Nd, b_points = numpy_to_POINT3D_array(moving_cloud)

        self.goicp.loadModelAndData(Nm, a_points, Nd, b_points)
        self.goicp.BuildDT()

        residual = self.goicp.Register()

        opt_rot = self.goicp.optimalRotation()
        opt_trans = self.goicp.optimalTranslation()

        fixed_to_moving = np.identity(4)

        for i in range(3):
            for j in range(3):
                fixed_to_moving[i][j] = opt_rot[i][j]

        fixed_to_moving[0][3] = opt_trans[0]
        fixed_to_moving[1][3] = opt_trans[1]
        fixed_to_moving[2][3] = opt_trans[2]

        # Get the transform back in un-normalised space
        # T = Tf * S * GoICP * inv(S) * inv(Tm)
        # Tf/Tm are translation matrices, when demeaning fixed/moving points
        # S is scaling matrix when normalising fixed/moving
        #  GoICP is resultant matrix from GoICP.register()
        if self.normalise:

            moving_to_fixed = trans_fixed @ \
                  scale @ \
                    fixed_to_moving @ \
                         np.linalg.inv(scale) @ \
                             np.linalg.inv(trans_moving)

        return residual, moving_to_fixed






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.pcl_icp_registration

# -*- coding: utf-8 -*-

""" PCL ICP implementation of RigidRegistration interface. """

import copy
import numpy as np
import sksurgerypclpython as pclp
import sksurgerysurfacematch.interfaces.rigid_registration as rr


[docs]class RigidRegistration(rr.RigidRegistration):
    """
    Class that uses PCL implementation of ICP to register fixed/moving clouds.
    """

    def __init__(self,
                 max_iterations: int = 100,
                 max_correspondence_threshold: float = 1,
                 transformation_epsilon: float = 0.0001,
                 fitness_epsilon: float = 0.0001,
                 use_lm_icp: bool = True,
                 ):
        """
        :param max_iterations: maximum number of ICP iterations, defaults to 100
        :type max_iterations: int, optional
        :param max_correspondence_threshold: reject pairs if distance > thresh,\
             defaults to 1
        :type max_correspondence_threshold: float, optional
        :param transformation_epsilon: early exit based on transformation \
            params, defaults to 0.0001
        :type transformation_epsilon: float, optional
        :param fitness_epsilon: early exit based on cost function, \
             defaults to 0.0001
        :type fitness_epsilon: float, optional
        :param use_lm_icp: Use LM-ICP if true, otherwise normal ICP, \
            defaults to True
        :type use_lm_icp: bool, optional
        """

        self.max_iterations = max_iterations
        self.max_correspondence_threshold = max_correspondence_threshold
        self.transformation_epsilon = transformation_epsilon
        self.fitness_epsilon = fitness_epsilon
        self.use_lm_icp = use_lm_icp

[docs]    def register(self,
                 moving_cloud: np.ndarray,
                 fixed_cloud: np.ndarray,
                 ):
        """
        Uses PCL library, wrapped in scikit-surgerypclcpp.

        :param moving_cloud: [Nx3] source/moving point cloud.
        :param fixed_cloud: [Mx3] target/fixed point cloud.

        :return: [4x4] transformation matrix, moving-to-fixed space.
        """
        transformed_source = copy.deepcopy(moving_cloud)

        transform = np.eye(4)

        residual = pclp.icp(moving_cloud,
                            fixed_cloud,
                            self.max_iterations,
                            self.max_correspondence_threshold,
                            self.transformation_epsilon,
                            self.fitness_epsilon,
                            self.use_lm_icp,
                            transform,
                            transformed_source)

        return residual, transform






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images

# -*- coding: utf-8 -*-

""" Base class for surface reconstruction on already rectified images. """

import numpy as np
import cv2

import sksurgerysurfacematch.interfaces.stereo_reconstructor as sr


[docs]class StereoReconstructorWithRectifiedImages(sr.StereoReconstructor):
    """
    Base class for those stereo reconstruction methods that work specifically
    from rectified images. This class handles rectification and
    the necessary coordinate transformations. Note: The client calls
    the reconstruct() method which requires undistorted images,
    which are NOT already rectified. It's THIS class that does the
    rectification for you, and calls through to the _compute_disparity()
    method that derived classes must implement.

    Constructor creates some member variables, so this class
    becomes statefull. You call reconstruct() once, and then
    you can call extract multiple times with different masks
    to pull out different subsets of data.

    :param lower_disparity_multiplier: min=median - (this * std), default = 2.0.
    :param upper_disparity_multiplier: max=median + (this * std), default = 2.0.
    :param apha: OpenCV alpha parameter, default = 0.
    """
    def __init__(self,
                 lower_disparity_multiplier: float = 2.0,
                 upper_disparity_multiplier: float = 2.0,
                 alpha: float = 0
                 ):

        super().__init__()
        self.disparity = None
        self.points = None
        self.rgb_image = None
        self.r_1 = None
        self.lower_disparity_multiplier = lower_disparity_multiplier
        self.upper_disparity_multiplier = upper_disparity_multiplier

        self.left_rectified = None
        self.right_rectified = None
        self.left_mask = None
        self.alpha = alpha

    # pylint:disable=too-many-arguments
[docs]    def reconstruct(self,
                    left_image: np.ndarray,
                    left_camera_matrix: np.ndarray,
                    right_image: np.ndarray,
                    right_camera_matrix: np.ndarray,
                    left_to_right_rmat: np.ndarray,
                    left_to_right_tvec: np.ndarray,
                    left_mask: np.ndarray = None,
                    ):
        """
        Implementation of stereo surface reconstruction that takes
        undistorted images, rectifies them, asks derived classes
        to compute a disparity map on the rectified images, and
        then sorts out extracting points and their colours.

        Camera parameters are those obtained from OpenCV.

        :param left_image: undistorted left image, BGR
        :param left_camera_matrix: [3x3] camera matrix
        :param right_image: undistorted right image, BGR
        :param right_camera_matrix: [3x3] camera matrix
        :param left_to_right_rmat: [3x3] rotation matrix
        :param left_to_right_tvec: [3x1] translation vector
        :param left_mask: mask image, single channel, same size as left_image
        :return: [Nx6] point cloud where the 6 columns
        are x, y, z in left camera space, followed by r, g, b colours.
        """
        # pylint:disable=too-many-locals
        (width, height) = (left_image.shape[1], left_image.shape[0])

        self.r_1, r_2, p_1, p_2, q_mat, _, _ = \
            cv2.stereoRectify(left_camera_matrix,
                              None,
                              right_camera_matrix,
                              None,
                              (width, height),
                              left_to_right_rmat,
                              left_to_right_tvec,
                              alpha=self.alpha
                              )

        undistort_rectify_map_l_x, undistort_rectify_map_l_y = \
            cv2.initUndistortRectifyMap(left_camera_matrix,
                                        None,
                                        self.r_1, p_1,
                                        (width, height), cv2.CV_32FC1)

        undistort_rectify_map_r_x, undistort_rectify_map_r_y = \
            cv2.initUndistortRectifyMap(right_camera_matrix,
                                        None,
                                        r_2, p_2,
                                        (width, height), cv2.CV_32FC1)

        self.left_rectified = \
            cv2.remap(left_image, undistort_rectify_map_l_x,
                      undistort_rectify_map_l_y, cv2.INTER_LINEAR)

        self.right_rectified = \
            cv2.remap(right_image, undistort_rectify_map_r_x,
                      undistort_rectify_map_r_y, cv2.INTER_LINEAR)

        # Need to remap the mask if we have one
        self.left_mask = left_mask
        if left_mask is not None:

            self.left_mask = \
                cv2.remap(left_mask, undistort_rectify_map_l_x,
                          undistort_rectify_map_l_y, cv2.INTER_NEAREST)

        self.disparity = self._compute_disparity(self.left_rectified,
                                                 self.right_rectified)

        self.points = cv2.reprojectImageTo3D(self.disparity, q_mat)
        self.rgb_image = cv2.cvtColor(self.left_rectified, cv2.COLOR_BGR2RGB)

        # Calls method below to extract data.
        return self.extract(left_mask)


[docs]    def extract(self, left_mask: np.ndarray):
        """
        Extracts the actual point cloud. This is a separate method,
        so that you can reconstruct once using reconstruct(), and then
        call this extract method with multiple masks, without incurring
        the cost of multiple calls to the reconstruction algorithm, which
        may be expensive.
        :param left_mask: mask image, single channel, same size as left_image
        :return: [Nx6] point cloud where the 6 columns
        are x, y, z in left camera space, followed by r, g, b colours.
        """

        median_disp = np.median(self.disparity)
        std_dev_disp = np.std(self.disparity)
        lower_bound = (median_disp - (self.lower_disparity_multiplier
                                      * std_dev_disp))
        upper_bound = (median_disp + (self.upper_disparity_multiplier
                                      * std_dev_disp))
        mask = np.logical_and(self.disparity > lower_bound,
                              self.disparity < upper_bound)

        print("Disparity, min=" + str(self.disparity.min())
              + ", max=" + str(self.disparity.max())
              + ", med=" + str(np.median(self.disparity))
              + ", std=" + str(np.std(self.disparity))
              + ", lower=" + str(lower_bound)
              + ", upper=" + str(upper_bound)
              )

        if left_mask is not None:

            if left_mask.dtype != bool:
                left_mask = left_mask > 0

            mask = np.logical_and(mask, left_mask)

        out_points = self.points[mask]
        out_colors = self.rgb_image[mask]

        non_zero = np.count_nonzero(mask)
        result = np.zeros((non_zero, 6))

        result[:, 0:3] = out_points
        result[:, 3:6] = out_colors

        # Convert from first (left) camera rectified to left camera unrectified
        result[:, 0:3] = np.transpose(
            np.matmul(np.linalg.inv(self.r_1), np.transpose(result[:, 0:3])))

        return result


    def _compute_disparity(self, left_rectified_image, right_rectified_image):
        """
        Derived classes implement this to compute a disparity map from
        pre-rectified images. But clients still call the reconstruct() method.

        The returned disparity map, must be equivalent to what OpenCV
        returns from other stereo reconstructors like the SGBM reconstructor.
        That is an image, same size as left and right rectified images,
        of type float32, where each pixel value represents left-to-right
        disparity.

        :param left_rectified_image: undistorted, rectified image, BGR
        :param right_rectified_image: undistorted, rectified image, BGR
        :return: disparity map
        """
        raise NotImplementedError("Derived classes should implement this.")





          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.sgbm_reconstructor

# -*- coding: utf-8 -*-

""" Surface reconstruction using OpenCV's SGBM reconstruction """

import numpy as np
import cv2

import sksurgerysurfacematch.algorithms.\
    reconstructor_with_rectified_images as sr


[docs]class SGBMReconstructor(sr.StereoReconstructorWithRectifiedImages):
    """
    Constructor. See OpenCV StereoSGBM for parameter comments.
    """
    def __init__(self,
                 min_disparity=16,
                 num_disparities=112,
                 block_size=3,
                 p_1=360,  # See Zhang 2019, DOI:10.1007/s11548-019-01974-6
                 p_2=1440, # See Zhang 2019, DOI:10.1007/s11548-019-01974-6
                 disp_12_max_diff=0,
                 uniqueness_ratio=0,
                 speckle_window_size=0,
                 speckle_range=0):
        super().__init__()
        self.stereo = cv2.StereoSGBM_create(
            minDisparity=min_disparity,
            numDisparities=num_disparities,
            blockSize=block_size,
            P1=p_1,
            P2=p_2,
            disp12MaxDiff=disp_12_max_diff,
            uniquenessRatio=uniqueness_ratio,
            speckleWindowSize=speckle_window_size,
            speckleRange=speckle_range
        )

    def _compute_disparity(self, left_rectified_image, right_rectified_image):
        """
        Uses OpenCV's StereoSGBM to compute a disparity map from
        two, already rectified (done in base class) images.

        :param left_rectified_image: undistorted, rectified image, BGR
        :param right_rectified_image: undistorted, rectified image, BGR
        :return: disparity map
        """
        disparity = self.stereo.compute(
            left_rectified_image,
            right_rectified_image).astype(np.float32) / 16.0
        return disparity





          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.stoyanov_reconstructor

# -*- coding: utf-8 -*-

""" Surface reconstruction using Stoyanov MICCAI 2010 paper. """

import numpy as np
import cv2

import sksurgeryopencvpython as cvpy
import sksurgerysurfacematch.interfaces.stereo_reconstructor as sr


[docs]class StoyanovReconstructor(sr.StereoReconstructor):
    """
    Constructor.
    """
    def __init__(self, use_hartley=False):
        super().__init__()
        self.use_hartley = use_hartley

    # pylint:disable=too-many-arguments
[docs]    def reconstruct(self,
                    left_image: np.ndarray,
                    left_camera_matrix: np.ndarray,
                    right_image: np.ndarray,
                    right_camera_matrix: np.ndarray,
                    left_to_right_rmat: np.ndarray,
                    left_to_right_tvec: np.ndarray,
                    left_mask: np.ndarray = None
                    ):
        """
        Implementation of dense stereo surface reconstruction using
        Dan Stoyanov's MICCAI 2010 method.

        Camera parameters are those obtained from OpenCV.

        :param left_image: undistorted left image, BGR
        :param left_camera_matrix: [3x3] camera matrix
        :param right_image: undistorted right image, BGR
        :param right_camera_matrix: [3x3] camera matrix
        :param left_to_right_rmat: [3x3] rotation matrix
        :param left_to_right_tvec: [3x1] translation vector
        :param left_mask: mask image, single channel, same size as left_image
        :return: [Nx6] point cloud where the 6 columns
        are x, y, z in left camera space, and r, g, b, colors.
        """
        # Has format X,Y,Z (3D triangulated point), x_left, y_left,
        # x_right, y_right (2D matches).
        points_stoyanov = \
            cvpy.reconstruct_points_using_stoyanov(left_image,
                                                   left_camera_matrix,
                                                   right_image,
                                                   right_camera_matrix,
                                                   left_to_right_rmat,
                                                   left_to_right_tvec,
                                                   self.use_hartley
                                                   )

        points_xyz = points_stoyanov[:, :3]
        left_matches_xy_points = points_stoyanov[:, 3:5]

        num_points = points_stoyanov.shape[0]

        rgb_image = cv2.cvtColor(left_image, cv2.COLOR_BGR2RGB)

        if left_mask is not None:

            # Allocate the max required size, then we can trim it down at the
            # end.
            result = np.zeros((num_points, 6))

            i = 0
            for point_idx in range(0, num_points):
                x_l_c = int(left_matches_xy_points[point_idx][0])
                y_l_c = int(left_matches_xy_points[point_idx][1])

                if left_mask[y_l_c][x_l_c] > 0:

                    row = np.array([[points_xyz[point_idx][0],
                                     points_xyz[point_idx][1],
                                     points_xyz[point_idx][2],
                                     rgb_image[y_l_c][x_l_c][0],
                                     rgb_image[y_l_c][x_l_c][1],
                                     rgb_image[y_l_c][x_l_c][2]
                                     ]])

                    result[i, :] = row
                    i += 1

            result = result[:i, :]

        else:

            result = np.zeros((num_points, 6))
            result[:, 0:3] = points_stoyanov[:, 0:3]

            for point_idx in range(0, num_points):
                x_c = int(points_stoyanov[point_idx][3])
                y_c = int(points_stoyanov[point_idx][4])
                result[point_idx][3] = rgb_image[y_c][x_c][0]
                result[point_idx][4] = rgb_image[y_c][x_c][1]
                result[point_idx][5] = rgb_image[y_c][x_c][2]

        return result






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.algorithms.value_threshold_segmentor

# -*- coding: utf-8 -*-

""" Dummy segmentor, just to test the framework. """

import numpy as np
import cv2
import sksurgerysurfacematch.interfaces.video_segmentor as vs


[docs]class ValueThresholdSegmentor(vs.VideoSegmentor):
    """
    Dummy segmentor, to test the framework. Simply converts BGR to HSV,
    extracts the value channel, and applies a threshold between [0-255].

    It's not really useful for anything other than testing the interface.
    """
    def __init__(self, threshold=127):
        super().__init__()
        self.threshold = threshold

[docs]    def segment(self, image: np.ndarray):
        """
        Converts image from BGR to HSV and thresholds the Value channel.

        :param image: image, BGR
        :return: image, same size as input, 1 channel, uchar, [0-255].
        """
        hsv = cv2.cvtColor(image, cv2.COLOR_BGR2HSV)
        v_c = hsv[:, :, 2]
        return (v_c > self.threshold) * 255






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.interfaces.rigid_registration

# -*- coding: utf-8 -*-

""" Base class (pure virtual interface) for rigid registration. """

import numpy as np


[docs]class RigidRegistration:
    """
    Base class for classes that can rigidly register (align), two point clouds.
    """
[docs]    def register(self,
                 source_cloud: np.ndarray,
                 target_cloud: np.ndarray
                 ):
        """
        A derived class must implement this.

        :param source_cloud: [Nx3] fixed point cloud.
        :param target_cloud: [Mx3] moving point cloud.
        :return: residual, [4x4] transformation matrix, moving-to-fixed space.
        """
        raise NotImplementedError("Derived classes should implement this.")






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.interfaces.stereo_reconstructor

# -*- coding: utf-8 -*-

""" Base class (pure virtual interface) for classes that do stereo recon. """

import numpy as np


[docs]class StereoReconstructor:
    """
    Base class for stereo reconstruction algorithms. Clients call
    the reconstruct() method, passing in undistorted images.
    The output is an [Nx6] array where the N rows are each point,
    and the 6 columns are x, y, z, r, g, b.
    """
    # pylint:disable=too-many-arguments
[docs]    def reconstruct(self,
                    left_image: np.ndarray,
                    left_camera_matrix: np.ndarray,
                    right_image: np.ndarray,
                    right_camera_matrix: np.ndarray,
                    left_to_right_rmat: np.ndarray,
                    left_to_right_tvec: np.ndarray,
                    left_mask: np.ndarray = None
                    ):
        """
        A derived class must implement this.

        Camera parameters are those obtained from OpenCV.

        :param left_image: left image, BGR
        :param left_camera_matrix: [3x3] camera matrix
        :param right_image: right image, BGR
        :param right_camera_matrix: [3x3] camera matrix
        :param left_to_right_rmat: [3x3] rotation matrix
        :param left_to_right_tvec: [3x1] translation vector
        :param left_mask: mask image, single channel, same size as left_image
        :return: [Nx6] point cloud in left camera space, where N is the number
        of points, and 6 columns are x,y,z,r,g,b.
        """
        raise NotImplementedError("Derived classes should implement this.")






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.interfaces.video_segmentor

# -*- coding: utf-8 -*-

""" Base class (pure virtual interface) for classes to do video segmentation """

import numpy as np


[docs]class VideoSegmentor:
    """
    Base class for classes that can segment a video image into a binary mask.
    For example, a deep network that can produce a mask of background=0,
    foreground=255.
    """
[docs]    def segment(self, image: np.ndarray):
        """
        A derived class must implement this.

        :param image: image, BGR
        :return: image, same size as input, 1 channel, uchar, [0-255].
        """
        raise NotImplementedError("Derived classes should implement this.")






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.pipelines.register_cloud_to_stereo_mosaic

# -*- coding: utf-8 -*-

""" Pipeline to register 3D point cloud to mosaic'ed surface reconstruction. """

import copy
import numpy as np
import cv2
import sksurgerypclpython as pclp
import sksurgeryopencvpython as cvcpp
import sksurgerycore.algorithms.procrustes as proc
import sksurgerysurfacematch.utils.registration_utils as ru
import sksurgerysurfacematch.interfaces.video_segmentor as vs
import sksurgerysurfacematch.algorithms.reconstructor_with_rectified_images \
    as sr
import sksurgerysurfacematch.interfaces.rigid_registration as rr


# pylint:disable=too-many-instance-attributes, invalid-name, too-many-locals
# pylint:disable=unsubscriptable-object, too-many-arguments,too-many-branches


[docs]class Register3DToMosaicedStereoVideo:
    """
    Class to register a point cloud to a series of surfaces
    derived from stereo video, and stitched together.

    Uses Dependency Injection for each pluggable component.

    :param video_segmentor: Optional class to pre-segment the video.
    :param surface_reconstructor: Mandatory class to do reconstruction.
    :param rigid_registration: Mandatory class to perform rigid alignment.
    :param left_camera_matrix: [3x3] camera matrix.
    :param right_camera_matrix: [3x3] camera matrix.
    :param left_to_right_rmat: [3x3] left-to-right rotation matrix.
    :param left_to_right_tvec: [1x3] left-to-right translation vector.
    :param min_number_of_keypoints: Number of keypoints to use for matching.
    :param max_fre_threshold: maximum FRE when stitching frames together.
    :param left_mask: a static mask to apply to stereo reconstruction.
    :param z_range: [min range, max range] to limit reconstructed points.
    :param radius_removal: [radius, number] to reject points with too few \
    neighbours
    :param voxel_reduction: [vx, vy, vz] parameters for PCL
    Voxel Grid reduction.
    """
    def __init__(
            self,
            video_segmentor: vs.VideoSegmentor,
            surface_reconstructor: sr.StereoReconstructorWithRectifiedImages,
            rigid_registration: rr.RigidRegistration,
            left_camera_matrix: np.ndarray,
            right_camera_matrix: np.ndarray,
            left_to_right_rmat: np.ndarray,
            left_to_right_tvec: np.ndarray,
            min_number_of_keypoints: int = 25,
            max_fre_threshold=2,
            left_mask: np.ndarray = None,
            z_range: list = None,
            radius_removal: list = None,
            voxel_reduction: list = None):

        self.video_segmentor = video_segmentor
        self.surface_reconstructor = surface_reconstructor
        self.rigid_registration = rigid_registration
        self.left_camera_matrix = left_camera_matrix
        self.right_camera_matrix = right_camera_matrix
        self.left_to_right_rmat = left_to_right_rmat
        self.left_to_right_tvec = left_to_right_tvec
        self.min_number_of_keypoints = min_number_of_keypoints
        self.max_fre_threshold = max_fre_threshold
        self.left_static_mask = left_mask
        self.z_range = z_range
        self.radius_removal = radius_removal
        self.voxel_reduction = voxel_reduction
        self.previous_keypoints = None
        self.previous_descriptors = None
        self.previous_good_l2r_matches = None
        self.previous_good_l2r_matched_descriptors = None
        self.previous_triangulated_key_points = None
        self.previous_recon = None

[docs]    def reset(self):
        """
        Reset's internal data members, so that you can start accumulating
        data again.
        """
        self.previous_keypoints = None
        self.previous_descriptors = None
        self.previous_good_l2r_matches = None
        self.previous_good_l2r_matched_descriptors = None
        self.previous_triangulated_key_points = None
        self.previous_recon = None


[docs]    def grab(self,
             left_image: np.ndarray,
             right_image: np.ndarray):
        """
        Call this repeatedly to grab a surface and use ORM key points to
        match previous reconstruction to the current frame.

        :param left_image: undistorted, BGR image
        :param right_image: undistorted, BGR image
        """
        left_mask = np.ones((left_image.shape[0],
                             left_image.shape[1]), dtype=np.uint8) * 255

        if self.video_segmentor is not None:
            left_mask = self.video_segmentor.segment(left_image)
            left_mask = 255 * (left_mask > 0)

        if self.left_static_mask is not None:
            left_mask = np.bitwise_and(left_mask, self.left_static_mask)

        orb = cv2.ORB_create()

        current_left_key_points, current_left_descriptors = \
            orb.detectAndCompute(left_image, None)

        current_right_key_points, current_right_descriptors = \
            orb.detectAndCompute(right_image, None)

        index_params = dict(algorithm=6,
                            table_number=6,
                            key_size=12,
                            multi_probe_level=1)  # 6=FLANN_INDEX_LSH
        search_params = dict(checks=50)

        flann = cv2.FlannBasedMatcher(index_params, search_params)

        left_to_right_matches = flann.knnMatch(
            current_left_descriptors,
            current_right_descriptors, k=2)

        # Keep good matches, based on Lowe's ratio test.
        good_l2r_matches = []
        for m, n in left_to_right_matches:
            if m.distance < 0.7 * n.distance:
                good_l2r_matches.append(m)

        if len(good_l2r_matches) > self.min_number_of_keypoints:

            left_descriptors = np.zeros((len(good_l2r_matches),
                                         len(current_left_descriptors[0])),
                                        dtype=np.uint8)
            for i, m in enumerate(good_l2r_matches):
                left_descriptors[i, :] = current_left_descriptors[m.queryIdx]

            left_pts = np.float32([current_left_key_points[m.queryIdx].pt
                                   for m in good_l2r_matches])
            right_pts = np.float32([current_right_key_points[m.trainIdx].pt
                                    for m in good_l2r_matches])
            paired_pts = np.zeros((left_pts.shape[0], 4))
            paired_pts[:, 0:2] = left_pts
            paired_pts[:, 2:4] = right_pts
            triangulated_l2r_key_points = \
                cvcpp.triangulate_points_using_hartley(paired_pts,
                                                       self.left_camera_matrix,
                                                       self.right_camera_matrix,
                                                       self.left_to_right_rmat,
                                                       self.left_to_right_tvec)

            full_reconstruction = \
                self.surface_reconstructor.reconstruct(left_image,
                                                       self.left_camera_matrix,
                                                       right_image,
                                                       self.right_camera_matrix,
                                                       self.left_to_right_rmat,
                                                       self.left_to_right_tvec,
                                                       left_mask
                                                       )

            full_reconstruction = full_reconstruction[:, 0:3]

            if self.z_range is not None:
                full_reconstruction = \
                    pclp.pass_through_filter(full_reconstruction,
                                             'z',
                                             self.z_range[0],
                                             self.z_range[1],
                                             True)

            if self.radius_removal is not None:
                full_reconstruction = \
                    pclp.radius_removal_filter(full_reconstruction,
                                               self.radius_removal[0],
                                               self.radius_removal[1])

            # Match to previous frame
            if self.previous_keypoints is not None and \
                    self.previous_descriptors is not None:

                previous_to_current = flann.knnMatch(
                    self.previous_good_l2r_matched_descriptors,
                    left_descriptors,
                    k=2)

                # Keep good matches, based on Lowe's ratio test.
                good_prev_to_current_matches = []
                for i, id_pair in enumerate(previous_to_current):
                    if id_pair is not None and len(id_pair) == 2:
                        m, n = id_pair
                        if m.distance < 0.7 * n.distance:
                            good_prev_to_current_matches.append(m)

                if len(good_prev_to_current_matches) > \
                        self.min_number_of_keypoints:

                    prev_3d_pts = np.float32(
                        [self.previous_triangulated_key_points[m.queryIdx]
                         for m in good_prev_to_current_matches])
                    current_3d_pts = np.float32(
                        [triangulated_l2r_key_points[m.trainIdx]
                         for m in good_prev_to_current_matches])

                    # Compute rigid body transform. Maybe use RANSAC?
                    rmat, tvec, fre = proc.orthogonal_procrustes(current_3d_pts,
                                                                 prev_3d_pts)

                    if fre < self.max_fre_threshold:
                        # Transform previous point cloud to current
                        transformed_point_cloud = \
                            np.transpose(np.matmul(rmat,
                                                   np.transpose(
                                                       self.previous_recon))
                                         + tvec)

                        # Combine and simplify? or just combine?
                        full_reconstruction = \
                            np.vstack((transformed_point_cloud,
                                       full_reconstruction))

            # Save current iteration, such that next iteration it will
            # be called the 'previous' iteration, for tracking purposes.
            self.previous_keypoints = current_left_key_points
            self.previous_descriptors = current_left_descriptors
            self.previous_good_l2r_matches = good_l2r_matches
            self.previous_good_l2r_matched_descriptors = left_descriptors
            self.previous_triangulated_key_points = triangulated_l2r_key_points
            self.previous_recon = full_reconstruction


[docs]    def register(self,
                 point_cloud: np.ndarray,
                 initial_transform: np.ndarray = None
                 ):
        """
        Registers a point cloud to the internal mosaicc'ed reconstruction.

        :param point_cloud: [Nx3] points, each row, x,y,z, e.g. from CT/MR.
        :param initial_transform: [4x4] of initial rigid transform.
        :return: residual, [4x4] transform, of point_cloud to left camera space,
        and [Mx6] reconstructed point cloud, as [x, y, z, r, g, b] rows.
        """
        if self.previous_recon is None:
            raise ValueError("No reconstruction has been performed")

        recon_points = self.previous_recon

        if self.voxel_reduction is not None:
            recon_points = \
                pclp.down_sample_points(
                    recon_points,
                    self.voxel_reduction[0],
                    self.voxel_reduction[1],
                    self.voxel_reduction[2])

        residual, transform = ru.do_rigid_registration(recon_points,
                                                       point_cloud,
                                                       self.rigid_registration,
                                                       initial_transform)

        # Don't return a pointer to internal self.previous_recon.
        return residual, transform, copy.deepcopy(recon_points)






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.pipelines.register_cloud_to_stereo_reconstruction

# -*- coding: utf-8 -*-

""" Pipeline to register 3D point cloud to 2D stereo video """

from typing import Tuple
import numpy as np
import sksurgerypclpython as pclp
import sksurgerysurfacematch.utils.registration_utils as ru
import sksurgerysurfacematch.interfaces.video_segmentor as vs
import sksurgerysurfacematch.interfaces.stereo_reconstructor as sr
import sksurgerysurfacematch.interfaces.rigid_registration as rr


# pylint:disable=too-many-instance-attributes, too-many-arguments

[docs]class Register3DToStereoVideo:
    """
    Class for single-shot, registration of 3D point cloud to stereo video.
    Uses Dependency Injection for each pluggable component.

    :param video_segmentor: Optional class to pre-segment the video.
    :param surface_reconstructor: Mandatory class to do reconstruction.
    :param rigid_registration: Mandatory class to perform rigid alignment.
    :param left_camera_matrix: [3x3] camera matrix.
    :param right_camera_matrix: [3x3] camera matrix.
    :param left_to_right_rmat: [3x3] left-to-right rotation matrix.
    :param left_to_right_tvec: [1x3] left-to-right translation vector.
    :param left_mask: a static mask to apply to stereo reconstruction.
    :param z_range: [min range, max range] to limit reconstructed points.
    :param radius_removal: [radius, number] to reject points with too few \
    neighbours
    :param voxel_reduction: [vx, vy, vz] parameters for PCL \
    Voxel Grid reduction.
    """
    def __init__(self,
                 video_segmentor: vs.VideoSegmentor,
                 surface_reconstructor: sr.StereoReconstructor,
                 rigid_registration: rr.RigidRegistration,
                 left_camera_matrix: np.ndarray,
                 right_camera_matrix: np.ndarray,
                 left_to_right_rmat: np.ndarray,
                 left_to_right_tvec: np.ndarray,
                 left_mask: np.ndarray = None,
                 z_range: list = None,
                 radius_removal: list = None,
                 voxel_reduction: list = None
                 ):

        self.video_segmentor = video_segmentor
        self.surface_reconstructor = surface_reconstructor
        self.rigid_registration = rigid_registration
        self.left_camera_matrix = left_camera_matrix
        self.right_camera_matrix = right_camera_matrix
        self.left_to_right_rmat = left_to_right_rmat
        self.left_to_right_tvec = left_to_right_tvec
        self.left_static_mask = left_mask
        self.z_range = z_range
        self.radius_removal = radius_removal
        self.voxel_reduction = voxel_reduction

[docs]    def register(self,
                 reference_cloud: np.ndarray,
                 left_image: np.ndarray,
                 right_image: np.ndarray,
                 initial_ref2recon: np.ndarray = None
                 ) -> Tuple[np.ndarray, np.ndarray, np.ndarray, np.ndarray]:
        """
        Main method to do a single 3D cloud to 2D stereo video registration.

        Camera calibration parameters are in OpenCV format.

        :param reference_cloud: [Nx3] points, each row, x,y,z, e.g. from CT/MR.
        :param left_image: undistorted, BGR image
        :param right_image: undistorted, BGR image
        :param initial_ref2recon: [4x4] of initial rigid transform.
        :return: residual, [4x4] transform, of reference_cloud to left camera \
        space, [Mx3] downsampled xyz points and [Mx6] reconstructed point \
            cloud, as [x, y, z, r, g, b] rows.
        """
        left_mask = None

        if self.left_static_mask is not None:
            left_mask = self.left_static_mask

        if self.video_segmentor is not None:
            dynamic_mask = self.video_segmentor.segment(left_image)
            if left_mask is None:
                left_mask = dynamic_mask
            else:
                left_mask = np.bitwise_and(left_mask, dynamic_mask)

        if left_mask is None:
            left_mask = np.ones((left_image.shape[0],
                                 left_image.shape[1])) * 255

        full_reconstruction = \
            self.surface_reconstructor.reconstruct(left_image,
                                                   self.left_camera_matrix,
                                                   right_image,
                                                   self.right_camera_matrix,
                                                   self.left_to_right_rmat,
                                                   self.left_to_right_tvec,
                                                   left_mask
                                                   )

        recon_xyz = full_reconstruction[:, 0:3]

        if self.z_range is not None:
            recon_xyz = pclp.pass_through_filter(recon_xyz,
                                                 'z',
                                                 self.z_range[0],
                                                 self.z_range[1],
                                                 True)

        if self.voxel_reduction is not None:
            recon_xyz = \
                pclp.down_sample_points(
                    recon_xyz,
                    self.voxel_reduction[0],
                    self.voxel_reduction[1],
                    self.voxel_reduction[2])

        if self.radius_removal is not None:
            recon_xyz = \
                pclp.radius_removal_filter(recon_xyz,
                                           self.radius_removal[0],
                                           self.radius_removal[1])

        residual, transform = ru.do_rigid_registration(recon_xyz,
                                                       reference_cloud,
                                                       self.rigid_registration,
                                                       initial_ref2recon)

        return residual, transform, recon_xyz, full_reconstruction






          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.utils.ply_utils

# -*- coding: utf-8 -*-

""" Methods for saving .ply files etc. """

import os
import numpy as np


[docs]def write_ply(ply_data: list, ply_file: str):
    """
    Writes a .ply format file.

    :param ply_data: points and colours stored as list
    :param ply_file: file name
    """
    dir_name = os.path.dirname(ply_file)
    if not os.path.isdir(dir_name):
        os.makedirs(dir_name)

    file = open(ply_file, "w")
    file.write('''ply
format ascii 1.0
element vertex %d
property float x
property float y
property float z
property uchar nx
property uchar ny
property uchar nz
property uchar red
property uchar green
property uchar blue
property uchar alpha
end_header
%s
'''%(len(ply_data), "".join(ply_data)))

    file.close()



[docs]def write_pointcloud(points: np.ndarray,
                     colours: np.ndarray,
                     file_name: str):
    """
    Write point cloud points and colours to .ply file.
    :param points: [Nx3] ndarray, of x, y, z coordinates
    :param colours: [Nx3] ndarray, of r, g, b colours
    :param file_name: filename including .ply extension
    """
    ply_data = []
    alpha = 0
    for j, _ in enumerate(points):
        ply_data.append("%f %f %f %d %d %d %d %d %d %d\n"%
                        (points[j][0], points[j][1], points[j][2],
                         1, 1, 1,
                         colours[j][0], colours[j][1], colours[j][2],
                         alpha))

    write_ply(ply_data, file_name)





          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.utils.projection_utils

# -*- coding: utf-8 -*-

""" Various utilities, mainly to help testing. """

import copy
import cv2


[docs]def reproject_and_save(image,
                       model_to_camera,
                       point_cloud,
                       camera_matrix,
                       output_file):
    """
    For testing purposes, projects points onto image, and writes to file.

    :param image: BGR image, undistorted.
    :param model_to_camera: [4x4] ndarray of model-to-camera transform
    :param point_cloud: [Nx3] ndarray of cloud of points to project
    :param camera_matrix: [3x3] OpenCV camera_matrix (intrinsics)
    :param output_file: file name
    """
    output_image = copy.deepcopy(image)

    rmat = model_to_camera[:3, :3]
    rvec = cv2.Rodrigues(rmat)[0]
    tvec = model_to_camera[:3, 3]

    projected, _ = cv2.projectPoints(point_cloud,
                                     rvec,
                                     tvec,
                                     camera_matrix,
                                     None)

    for i in range(projected.shape[0]):

        x_c, y_c = projected[i][0]
        x_c = int(x_c)
        y_c = int(y_c)

        # Skip points that aren't in the bounds of image
        if x_c <= 0 or x_c >= output_image.shape[1]:
            continue
        if y_c <= 0 or y_c >= output_image.shape[0]:
            continue

        output_image[y_c, x_c, :] = [255, 0, 0]

    cv2.imwrite(output_file, output_image)





          

      

      

    

  

    
      
          
            
  Source code for sksurgerysurfacematch.utils.registration_utils

# -*- coding: utf-8 -*-

""" Various registration routines to reduce duplication. """

import numpy as np
import sksurgerycore.transforms.matrix as mt
import sksurgerysurfacematch.interfaces.rigid_registration as rr


[docs]def do_rigid_registration(reconstructed_cloud,
                          reference_cloud,
                          rigid_registration: rr.RigidRegistration,
                          initial_ref2recon: np.ndarray = None,
                          ):
    """
    Triggers a rigid body registration using rigid_registration.
    :param reconstructed_cloud: [Nx3] point cloud, e.g. from video.
    :param reference_cloud: [Mx3] point cloud, e.g. from CT/MR
    :param rigid_registration: Object that implements a rigid registration.
    :param initial_ref2recon_transform: [4x4] ndarray representing an initial \
    estimate.
    :return: residual (float), [4x4] transform
    """

    if initial_ref2recon is not None:
        reference_cloud = \
            np.matmul(
                initial_ref2recon[0:3, 0:3], np.transpose(reference_cloud)) \
            + initial_ref2recon[0:3, 3].reshape((3, 1))
        reference_cloud = np.transpose(reference_cloud)

    # Do registration. Best to register recon points to
    # the provided model (likely from CT or MR), and then invert.
    residual, transform = \
        rigid_registration.register(reconstructed_cloud,
                                    reference_cloud
                                    )
    transform = np.linalg.inv(transform)

    # Combine initial, if we have one.
    if initial_ref2recon is not None:
        init_mat = \
            mt.construct_rigid_transformation(
                initial_ref2recon[0:3, 0:3],
                initial_ref2recon[0:3, 3]
            )
        transform = np.matmul(transform, init_mat)

    return residual, transform





          

      

      

    

  _static/down.png





_static/down-pressed.png





_static/plus.png





_static/file.png





_static/minus.png





_static/up-pressed.png





_static/up.png





nav.xhtml

    
      Table of Contents


      
        		
          scikit-surgerysurfacematch documentation
        


        		
          scikit-surgerysurfacematch
          
            		
              Features
            


            		
              Developing
              
                		
                  Cloning
                


                		
                  Running tests
                


                		
                  Linting
                


              


            


            		
              Installing
              
                		
                  Contributing
                


                		
                  Useful links
                


              


            


            		
              Licensing and copyright
            


            		
              Acknowledgements
            


          


        


        		
          Algorithms
          
            		
              ICP
            


            		
              GoICP
            


            		
              Stereo Recon Base Class
            


            		
              SGBM Stereo Recon
            


            		
              Stoyanov Stereo Recon
            


          


        


        		
          Interfaces
          
            		
              Rigid Registration
            


            		
              Stereo Reconstruction
            


            		
              Video Segmentation
            


          


        


        		
          Processing Pipelines
          
            		
              Register Point Cloud To Stereo Images
            


            		
              Register Point Cloud To Mosaic
            


          


        


      


    
  

_images/weiss_logo.png





_static/weiss_logo.png





_static/ajax-loader.gif





_static/comment.png





_static/comment-bright.png





_static/comment-close.png





