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Context

Â3D Conformal Radiotherapy (beams are 

shaped to match the tumor)

Â Intensity Modulated Radiation Therapy 
(controls intensity in small volumes)



4

Target Volumes

ÂGTV / CTV / PTV
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Motivation

ÂImprove the process of target 
volume delineation for radiation 
therapy planning.

ÂObjective:

ïAuto-contour lymph node regions.

ïInitial focus on head and neck.
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Problem

ÂWhere are the lymph nodes?

ÂWhere are the lymph node regions?

none of  the

structures are

lymph nodes
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Solution

ÂCreate reference (canonical) models.

ÂMap reference nodal regions to patients.
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System Overview

Segmentation of Landmark 

Structures

Target CT Images

Projected Lymph Node 

Regions

Retrieve Similar 

Reference Models

3D Volume and Mesh of 

Mandible, Hyoid, ...

Image Registration

Reference Models with 

Lymph Node Regions
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Image Registration

Â Align the transformed reference image fR ° g
to the target image fT . 

Â Find the optimal set of transformation 
parameters mthat maximize an image 
similarity function S:

moptimal = argmaxmS(m)
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Mattesô Method

Â Similarity Function

S(m) = -mutual_information( fR ° g , fT )

Â Transformation Function

g(x|m) = R(x - xC) ïT(x - xC) + D(x|d)

x = [x, y, z]T  in the reference image 

coordinates.
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Deformable Transformation

Â Control points 
(15*15*11).

Â Each control point is 
associated with a 3-
element deformation 
vector d, describing x-, 
y-, z-components of the 
deformation.
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Project Target Lymph Regions

Â Image registration aligns reference 
and target CT sets.

ÂApply result transformation g to 
reference lymph node regions.

Â Incorporate anatomical landmark 
correspondences.

ÂUse surface mesh of outer body 
contour, mandible, hyoid é
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Surface Warping
ÂSheltonôs method used to find 

correspondences between surfaces.

ÂEnergy based surface mesh warping.

E(C) = Esim(C) + aEstr(C) + bEpri(C)

C is the function which maps points from 
reference surface SR to target surface ST .

Esim(C) is similarity, Estr(C) is structural, Epri(C) is 

prior information.
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Landmark Correspondence

ÂThe deformation zat landmark points

zk = vk -uk

uk : points from reference surface mesh SR.

vk : corresponding locations on transformed 
reference surface SR ° C matching the 
target surface mesh ST.
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SurfaceSR SurfaceST

SR ° C zk = vk-uk
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Using Landmark 
Correspondence

ÂDeformation vectors D(lj) are modified 

according to landmark 
correspondenceszk in the proximity of 
the control points lj.

ÂLandmark structures align better.

ÂFaster convergence.
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Reference        Mattes     w/ Landmark    Target

Compare Image 
Registration Results
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Reference        Mattes     w/ Landmark    Target
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Automatic Segmentation 
of Landmark Structures
Â Given : Cancer radiation treatment 
patientôs head and neck CT image.

Â Find : 
ï Skull base & thoracic inlet.
ï Anatomical structures:

Â cervical spine (white)
Â respiratory tract (dark green)
Â mandible (turquoise)
Â hyoid (yellow)
Â thyroid cartilage
Â internal jugular veins (pink)
Â carotid arteries (dark yellow)
Â sternocleidomastoid muscles (light green, orange)
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Method

Â2D knowledge-based segmentation

ïBased on Kobashiôswork

ïDynamic thresholding

ïProgressive landmarking

ÂCombined with 3D active contouring

ïDoes not require successful 2D 
segmentation on every axial slice

ïInitialized with 2D segmentation result
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A                 B                 C               D

E

2D Segmentation Results
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2D/3D Iteration

1 3 5

2 4 6

Identify objects that are easy to find, use them to find harder ones.
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2D/3D Iteration ïcont.

7 9 11

8 10 12
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Geometrical Feature -
Based Similarity

Â Given : A stored database DB of CT scans 

from prototypical reference head and neck 
cancer patients and a single query CT scan 
Q from a target patient.

Â Find : Similarity between Q and each 
database image d in DB in order to find the 
most similar database images {ds}.
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Structures

Â Outer body 
contour

Â Mandible

Â Hyoid

Â Internal 
jugular veins
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Feature Types

ÂSimple numeric 3D regional 
properties: volume and extents. 

ÂVector properties: relative location 
between structures.

ÂShapeproperties: surface meshes of 
structures.
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Features for Similarity Measure

Â Volume and extents of the overall region

Â Normalized centroid of hyoid and mandible

Â 3D centroid difference vector between 
mandible and hyoid

Â 2D centroid difference vectors between 
hyoid and jugular veins

Â Surface meshes of mandible and outer body 
contour
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Mesh Feature Distance 

ÂRegister reference mesh SR and target 
mesh ST with Iterative Closest Point 
(ICP), result T.

ÂHausdorff distance between two 
aligned surface meshes, TSR and ST
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The Hausdorff  distance is the maximum distance from any

point in the transformed reference image to the test image.



29

Feature Vector Distance

ÂGiven feature vectors Fd and FQ for 
model d and query Q in the feature 
vector space RN.
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Evaluation

ÂSurface mesh distance after full image 
registration DH ïslow.

ÂFeature vector distance DF ïfast.

DH

DF

corr_coef(DH, DF) 

= 0.72

Images with small

feature vector distance

should produce the best

results after registration.


