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Segmentation

• Process of identifying structure in 2D & 
3D images

• Output may be
– labeled pixels
– edge map
– set of contours





Approaches

• Pixel-based
– Thresholding
– Region growing

• Edge/Boundary based
– Contours/boundary surface
– Deformable warping
– Deformable registration to atlases
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Region Growing
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Deformable Surfaces
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Deformable Surfaces
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Deformable Surfaces



Deformable Surfaces



• Compact bone
• Spongy bone
• Medullary Cavity

Medullary Cavity

Compact Bone

Spongy Bone

Spongy 
Bone

Compact 
Bone

Compact 
Bone

Medullary
Cavity

Bone Structure



Needle graph of Image force Bone Contours
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Modeling

• Representation of anatomical structures
• Models can be 

– Images
– Labeled images
– Boundary representations



Surface Representations

• Implicit Representations

• Explicit Representations
– Polyhedra 
– Interpolated patches
– Spline surfaces
– ...

{ | ( ) }x f x = 0

Source: CIS p 73 (Lavallee image)



• Common in computer 
graphics

• Many data structures.  
– Winged edge
– Connected triangles
– etc.

Polyhedral Boundary Reps



Source: C. Cutting, CIS Book
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Density Functions

• Advantages
– Efficient in storage
– Continuous function
– explicit form
– convenient to integrate, to differentiate, to 

interpolate, and to deform 



Density Functions (cont’)
n-degree Bernstein polynomial in barycentric coordinates
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Accuracy vs Degree of Density Function

• Use CT data set as ground truth
• cut an arbitrary plane through the model

Cutting Plane Partitions



Accuracy vs Degree of 
Density Function (cont’)
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Multiple resolution femur model
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Multiple resolution half pelvis model
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DRR Generation
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Registration

Overall Goal: Given two coordinate systems, 

and coordinates

associated with corresponding features in the two 
coordinate systems, the general goal is to determine a 
transformation function T that transforms one set of 
coordinates into the other:

Ref RefA B &  

x xA B &  

x T xA B= ( )



What needs registering?

• Preoperative Data
– 2D & 3D medical images
– Models
– Preoperative positions

• Intraoperative Data
– 2D & 3D medical images
– Models
– Intraoperative positioning information

• The Patient



A typical registration problem
Intraoperative

Reality

Preoperative
Model



Definitions

• Rigid Transformation: Essentially, our old friends 
2D & 3D coordinate transformations:

T(x) = R•x + p

The key assumption is that deformations may be 
neglected.

• Elastic Transformation: Cases where must take 
deformations into account.  Many different flavors, 
depending on what is being deformed



Uses of Rigid Transformations

• Register (approximately) multiple image data 
sets

• Transfer coordinates from preoperative data 
to reality (especially in orthopaedics & 
neurosurgery)

• Initialize non-rigid transformations



Uses of Elastic Transformations

• Register different patients to common data 
base (e.g., for statistical analysis)

• Overlay atlas information onto patient data
• Study time-varying deformations
• Assist segmentation



Typical Features

• Point fiducials
• Point anatomical landmarks
• Ridge curves
• Contours
• Surfaces
• Line fiducials



Sampled 3D data to surface models



A typical registration problem
Intraoperative

Reality

Preoperative
Model



What the computer knows



Find corresponding points & pull!



Find corresponding points & pull!



Iterate this until converge

Find new point pairs every 
iteration

Key challenge is finding 
point pairs efficiently.

Find corresponding points & pull!



Head in Hat Algorithm



Head in Hat Algorithm



Head-in-hat algorithm: step 0



Head-in-hat algorithm: step 1



Head-in-hat algorithm: step 1



Head-in-hat algorithm: step 2



Head-in-hat algorithm: step 2



Head-in-hat algorithm: step 3



Head in Hat Algorithm

• Strengths
– Moderately straightforward to implement
– Slow step is intersecting rays with surface model
– Works reasonably well for original purpose 

(registration of skin of head) if have adequate 
initial guess

• Weaknesses
– Local minima
– Assumptions behind use of centroid
– Requires good initial guess and close matches 

during convergence



Iterative Closest Point



Iterative Closest Point: step 0



Iterative Closest Point: step 1



Iterative Closest Point: step 1



Iterative Closest Point: step 2



Iterative Closest Point: step 3



• Minimization step can be fast
• Crucially requires fast finding of nearest 

points
• Local minima still an issue
• Data overlap still an issue

Iterative Closest Point: Discussion



Distance Maps



Distance Maps (Continued)



Distance Maps: step 0
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2D-to-3D

Source: Lavallee, CIS book






