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Problem of registering two surfaces

• It is a fundamental problem in computer vision, medical Imaging, 
Robotics and 3D modelling

• The goal is to align two surfaces

• First Create the surface and then register



Algorithms in Registration
• Iterative Closest Point (ICP) and Variants

• ICP (Classic) – Iteratively minimizes the distance between corresponding 
points.

 Point-to-Point ICP

 Point-to-Plane ICP

 Generalized ICP (GICP) – Combines point-to-point and point-to-plane.

 Color ICP – Uses color information in correspondence matching.



Iterative Closest Point (ICP) 



Iterations



Other Registration Algorithms

• Feature-Based Registration

 SIFT-3D, Spin Images, SHOT descriptors, FPFH (Fast Point Feature Histograms) – Extract 
local features and match them.

 RANSAC-based alignment – Uses feature correspondences and random sampling for robust 
alignment.

• Probabilistic Approaches

 Coherent Point Drift (CPD) – Uses probabilistic models to align points.

 Gaussian Mixture Models (GMM) – e.g., EM-ICP.

• Global Registration

 Go-ICP – Global optimal ICP using a branch-and-bound strategy.

 Super4PCS – Fast global registration based on 4-point congruent sets.

 TEASER++ – Robust, certifiable registration framework for extreme outlier conditions.



Non-Rigid Registration Algorithms

• Non-rigid ICP (N-ICP)

 Extends ICP by allowing local transformations.

• Coherent Point Drift (Non-rigid mode)
Thin Plate Spline (TPS)

 Fits a smooth deformation field using sparse correspondences.

• Gaussian Process Morphable Models (GPMM)

• Embedded Deformation Graphs

 Often used in real-time applications like Dynamic Fusion.



DEVICE OVERVIEW - HOW DOES IT WORK?

1
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• Projects near infrared light* and pseudo-random optical speckle 
pattern on the subject

• The pattern adds texture and is used for 3D reconstruction

Active Stereo

Calibration

http://upload.wikimedia.org/wikipedia/en/thumb/2/2c/TriangulationIdeal.svg/380px-TriangulationIdeal.svg.png

*Refer to 1016-0281 Vision RT Why Red document for more information
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http://en.wikipedia.org/wiki/File:TriangulationIdeal.svg


DEVICE OVERVIEW - HOW DOES IT WORK?
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• Each vertex comprises (x, y, z) values

• Each triangle consists of 3 corresponding vertices

Vertices are created and triangulated

The system creates a 3D surface model of up to 20,000 points

Smooth
rendering

Wireframe
rendering

Vertices, triangles



3D SURFACE DATA
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• Surface data is composed 

of a number of triangles

• The greater the number of 

triangles, the higher the 

surface resolution

• Choosing Brain, Head and 

Neck or Intracranial SRS 

treatment protocols gives 

higher resolution data

• High resolution data is 

required for more complex 

treatment surfaces such as 

SRS

Low Resolution High Resolution
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SURFACE REGISTRATION
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• During treatment capture or monitoring, the surface is automatically 

registered to the reference ROI to determine patient misalignment

• The registration process assumes that patient motion is rigid

• Iterative Closest Point match

14

Iterative least squared minimization technique to calculate the RTD(real 
time delta)



What is non rigid image registration (DIR)

•  DIR is the nonaffine/non linear process of mapping voxels from one 
image to another where the individual vectors that describe the 
mapping may vary in both magnitude and direction from their 
neighbors. The entire process is encompassed by the deformation 
vector  field (DVF), which aggregates the individual vectors into a 
single map and specifies the coordinate transformation between the 
two datasets. 



Non rigid image registration

• Two image sets, a fixed image (A) and a moving 

image (B)

•  Rigid image registration could not register the four 

sharp corners of the rectangle in the moving image 

into the rounded boundary in the fixed image.
•  Deformable image registration locally deformed the 

four sharp corners with a different amount of 

deformation (or displacement).

•  (C) The 2D deformation vector field (DVF) was 

displayed as blue arrows with the edge of the 

moving image object.

•  The size and direction of the arrows represent the 

magnitude and direction of DVF. 

• The magnitude of deformation is the largest at the 

corners and gradually decreases. 

• (D) The deformed results with DVF. Radiat Oncol J 2017;35(2):101-111 https://doi.org/10.3857/roj.2017.00325

pISSN 2234-1900 . eISSN 2234-3156



Rigid Vs Deformation

• Rigid: 
  Assume static or minimal deformations of the subject and determine 
the radiation isocentre based on global rigid surface alignment. 
• Non-Rigid:
 Account for deformations of the subject and determine the radiation 
isocenter based on global non-rigid surface alignment.
 How to deal with patient deformation? 
•  Rigid algorithm:  Use small and multiple ROIs to exclude deformations. 

Accuracy is depended on the ROI definition and selection by user
•   Non-Rigid algorithm:  Accounted for by deformable registration. Accuracy 

provided by the algorithm automatically adjusting to level of deformation 
without user input. 



RIGID vs DEFORMABLE
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How is non rigid implemented?
• Starts with rigid matching then lets the surface deforms if needed 

•  The level of allowed deformation can be adjusted to fit the expected 
target 

• The algorithm has two steps 

•  Surface displacement by the Non-Rigid Image registration 

•  calculate isocenter displacement by volumetric calculations 



Process of Deformation





• Generate a volumetric mesh from the reference surface.

• The isocenter is included in the volumetric mesh to be used for the 
calculated shift

Left: triangulated surface embedded in voxels. Right: Surface 
embedded in tetrahedron



• Apply the vector field from the surface displacement to the 
volumetric mesh

• Compute the volumetric mesh displacement from applied vector field 
that minimize the structure’s energy state (FEM, conjugate gradient 
algorithm) 

•  Calculate the isocenter displacement by using the information of the 
volumetric mesh displacement











The magnitude of breast deformation affects the positioning accuracy of SGRT system



• Although deformable registrations can play a valuable role in certain 
areas of radiation oncology, including adaptive RT and automatic 
segmentation methods, during treatment, it is important to be able to 
evaluate surface contours without altering the shape and to provide 
meaningful shift information that can be performed by the 6DOF 
treatment couch system.

• Rigid registration is the means used for patient positioning in other 
situations, for example, cone-beam CT (CBCT) matching.

• There is no time for quality assurance of the deformation field that 
contributes to the final registration





Conclusion

• Surface imaging provides intra-fraction motion monitoring, with both high 
temporal and spatial resolution but without any added dose from ionizing 
radiation, which has considerable safety and quality implications

• The role of SGRT is still evolving as the RT community continues to learn 
how to fully exploit the unique information provided by sur face imaging.

• SGRT is more than just a technological upgrade. It’s a bold step forward in 
our commitment to treat the disease without compromising the patient. It 
reflects our dedication to safety, accuracy, and innovation—and fuels our 
vision of a future where every beam of radiation hits its mark.



Thank you
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