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Coordinate System SC 

Coordinate System US 

FSC_US 

Fiber Delivery System Laser Points in 

SC image AND 

US image!!! 

Laser System 



Paper Summary 

• Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. 
Y., “3D Ultrasound to Stereoscopic Camera Registration 
through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, 
vol. 6362, pp.626-634. Springer, Heidelberg (2010)  
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• State-of-the-art solution for the same problem as my project 

• Their statistical analysis is applicable to my project 

• Their experimental considerations are applicable to my 
project 



Paper Summary 
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Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  

• Goals: 

– Accuracy of localizing 
fiducials on an air-
tissue boundary in 
Ultrasound 

– Accuracy of 
registration from 3D 
Ultrasound to 
Stereoscopic Camera 



Paper Summary - Localization 

6 

Case Fiducial Size Lateral Position 

in US Image 

Angle of Air-

Tissue 

Boundary 

Boundary 

Depth 

Stiffness of 

Tissue 

1 2mm Offset (10cm) 0 degree 3cm 12 kPa 

2 3mm Central 20 degree 6cm 21 kPa 

3 4mm N/A 40 degree 9cm 56 kPa 

Control 3mm Central 0 degree 6cm 21 kPa 

Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  



Paper Summary - Localization 

• One-way Analysis of Variance (ANOVA) testing for statistical significance in 
the variables 

• 80 measurements for each variable combination 
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Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  



Paper Summary - Registration 
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0T1 is given by the stereo camera’s triangulation of 

the optical markers 
1T2 is given by the registration tool geometry 
0T3 = 0T1

1T2
2T3 

Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  



Paper Summary - Registration 
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1. Get registration by 

placing registration 

tool on phantom 

surface in water bath 

2. Remove phantom and 

place test tool inside 

3. Acquire US volume 

4. Segment center of 

crosswire 

5. Drain water 

6. Obtain SC images 

that track the optical 

markers on the test 

tool 

Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  

7.  Resolve crosswire 

center in stereo 

camera space based 

on tool geometry 

8.  Use registration to 

transform SC point to 

US space 

9.   Error is Euclidean 

norm between US 

point and transformed 

SC point 

crosswire 



Paper Summary - Registration 
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Yip M. C., Adebar T. K., Rohling R. N., Salcudean S. E., Nguan C. Y., “3D Ultrasound to Stereoscopic Camera Registration 

through an Air-Tissue Boundary”. MICCAI 2010, Part II, LNCS, vol. 6362, pp.626-634. Springer, Heidelberg (2010)  

12 test points 

ElectroMagnetic:  3.07 +- 0.75 mm [1] 

Optical: 2.83 +- 0.83 mm [2] 



Paper Summary - Discussion 

• Fiducial Tail Artifact 

– Model tail artifact to reduce axial error 

• Ultrasound and stereo camera ideally fixed 

– Reacquire registration 

– Use robot kinematics to get new registration 

• Laparoscopic camera have smaller disparity 

– Larger foldable registration tool 

• Minimum required fiducials used 

– More registration fiducials to average errors 
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Paper Analysis 
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Pros Cons 

•Good overview of the field 

•Excellent choice of variables in 

fiducial localization 

•Excellent statistical analysis to 

show significance 

•Leads reader through frame 

transformations in detail 

•Specific tools for testing 

purposes 

•Subsurface error as opposed to 

surface 

•Other variables directly 

affecting image quality such as 

level of scattering 

•Localization is manual and 

difficult to reproduce 

•A figure would have helped 

registration accuracy experiment 

•Foldable registration tool 

sounds terrible 
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