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Main Issues 

ÅHow to segment volumetric data? 

ÅHow good is CBCT geometry? 

ÅHow to combine CBCT with Photogrammetry? 

ÅHow to do long-term registration? 

ÅMore modalities 

ÅConclusion 



3D Difference After Six Months  

Six Months 
Later 



From Density to Geometry  

Volumetric Density Data Geometry Using Region Growing  



Segmentation(1)  

Problem: Structures easily detected by the 
human eye are difficult to specify for a 
computer 
 
ω aŀƴȅ ŘƛŦŦŜǊŜƴǘ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀǇǇǊƻŀŎƘŜǎ 
and variations available 
 
ω {ǇŜŎƛŦƛŎ ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ǇǊƻǘƻŎƻƭǎ Ŏŀƴ 
ease segmentation difficulties, i.e. contrast 
agent 



Segmentation(2)  

ω Automatic segmentation frequently segments 
too much, or not all structures 
 
ω aŀƴǳŀƭ ǎŜƎƳŜƴǘŀǘƛƻƴ ƛǎ ǳǎǳŀƭƭȅ ǘƻƻ ŜȄǇŜƴǎƛǾŜ 
for daily practice 
 
ω {ŜƳƛ-automatic segmentation with little 
interaction only: can consist of several steps 
 



Segmentation(3)  

ÅTypical medical semiautomatic segmentation 
algorithm is 3D Region growing 
ω {ǇŜŎƛŦȅ seed point inside structure of 
interest 
ω {ǇŜŎƛŦȅ threshold interval which describes 
material interfaces 
ω {ǳŎŎŜǎǎƛǾŜƭȅ ǎŜƭŜŎǘǎ ƴŜƛƎƘōƻǳǊƛƴƎ voxels 
until threshold interval is violated 



Segmentation(4)  

Potential problems of 3D region 
growing: 
Å Inappropriate threshold interval 
Å False/missing connections due to partial 
volume effect or signal attenuation 
ω wŜǎƻƭǳǘƛƻƴ ǘƻƻ ƭƻǿ 
ω /ƻƴǘǊŀǎǘ ǘƻƻ ƭƻǿΤ ƎƻƻŘ ŎƻƴǘǊŀǎǘΥ ŦŜŀǘǳǊŜ 
intensity high, surrounding intensity low 



AMMI Lab. Laser Scanner  

50 Micon Precision 

Scan Rate of 3500 

pts/sec 

Range Sensor 

Color Camera 

Touch Probe 



Cone Beam CT vs Laser Scanner  



Final Precision  

üAn average difference of 0.12 mm with a two sigma 

variance of 0.4 mm was observed. There were no 

systematic biases observed. 

üIn a similar geometric accuracy study with a different 

CBCT unit, Marmulla et al. found an average image 

deviation of 0.13 mm which was below than the voxel 

size of 0.18 mm. 

üAlthough a difference between CBCT and LS 

measurements were identified; CBCT appears to be 

sufficiently accurate to be used as a clinical tool.  



Laser Scan vs CBCT 



Problem with CT Segmentation  



Determining an Optimal  Threshold 

üCBCT scans were taken on 

four different days at three 

different times 
Á COLD ï when the machine 

was first turned on 

Á 1 hour ï after an hour of 

the machine being in use 

Á 4 hours ï after four hours 

of the machine being in use 

üFor each time the CBCT was 

used and an optimum 

threshold was determined 

üAccording to the data 

collected, the threshold is 

dependent on both time and 

date 

 



BEST THRESHOLD 
(29) 
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BEST THRESHOLD (50) 
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BEST THRESHOLD (41) 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 10 20 30 40 50 60 70 80 90 100

S
ig

n
e

d
 e

rr
o

r 
(m

m
) 

Threshold 

Mean

Standard Deviation

Scan Type:  CBCT 

Date: June 1 
Time: 4 hours 

Signed Error of Different Thresholds on 

CBCT June1 (4hrs) 



How Different Are CT & CBCT (COLD)?  
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How Different Are CT & CBCT (1 hour)?  
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How Different Are CT & CBCT (4 hours)?  
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Factors Influencing Precision?  

ÅElliptical Interpolation for normal CT  

ÅCT Reconstruction Algorithm 

ÅType of Sensors (CBCT vs Fan Beam CT) 

ÅSensor setting 

ÅFiltering 

ÅSegmentation Algorithm 

ÅSignal Contrast 

ÅCT Calibration 



CBCT and Photogrammetry  

Newtom  Dental CT 

3DMD Photogrammetric  

Digitizer 

3D Digitizing Facility Built at the UofA Faculty of Dentistry 



Stereo Pairs of 3dMD  

Left Right Texture 

TOP 

BOT 

Textured  

3D Model 



Registration of Skin and CBCT 

Using Landmark  

Patient With Tracking 

Targets 

Getting Scanned 

Bone geometry from CT Scan 

and Skin geometry from 

Photogrammetry 

Registered Bone and Skin 

Geometries 



Patient 1 ð Time 0 Registration  



Patient 1 ð 6months later 

Registration  



Patient 2 ð Time 0 Registration  



Patient 2 ð 6months later 

Registration  



Rigid Registration(1)  

If correct correspondences are known, one 
can find correct relative 
rotation/translation matrix directly 



Rigid Registration(2)  

ÅHow to find correspondences:  User input? 
Feature detection?  Signatures? Landmarks? 

ÅAlternative: assume closest points 
correspondence algorithm 



Rigid Registration(3)  

ÅΧ ŀƴŘ ƛǘŜǊŀǘŜ ǘƻ ŦƛƴŘ ŀƭƛƎƴƳŜƴǘ 
ÅIterative Closest Points (ICP)  [Besl & McKay 92] 

Å/ƻƴǾŜǊƎŜǎ ƛŦ ǎǘŀǊǘƛƴƎ Ǉƻǎƛǘƛƻƴ άŎƭƻǎŜ 
ŜƴƻǳƎƘά 



Natural Landmarks for Registration 

of Skulls through Time  



A Gaussian Mixture Model of Two 

Components Fitted on the Skull Data  



Patient 1 - Difference Map for 

Upper Skull 


