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• Procedure is generally performed manually

• Precision could be increased with some assistance

Project Summary
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Project Summary

• Noninvasive integration of the UR5 robotic arm into the pedicle screw 
placement procedure 

Preoperative CT UR5 Robotic ArmIntraoperative Radiographs
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Background 3D-2D Registration

• Used to maximize similarity between 2D image (radiograph or fluoro) 
and a DRR 

• This paper uses the gradient information metric (GI) to define the 
similarity between fixed image and moving image. 



Background 3D-2D registration (cont.)
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Setup



Experiment – Angular Separation



Experiment – Registration Accuracy



Experiment – Magnification 

𝑚 ≔
𝑆𝐷𝐷

𝑆𝑂𝐷



Experiment – Pixel and Voxel Binning

• Pixel Binned: 0.3 – 2.4 mm

• Voxel Binned (along z): 0.6-4.8 mm

• Siddon projection used to avoid bias 



PDE and TRE

• 𝑃𝐷𝐸3𝐷2𝐷 = 𝐿2𝑛𝑜𝑟𝑚 𝑃𝐹𝑙𝑢𝑜𝑟𝑜𝑇𝐹𝑙𝑢𝑜𝑟𝑜
𝐶𝑇 𝑇𝐶𝑇

𝐶𝐵𝐶𝑇𝑥𝐶𝐵𝐶𝑇 − 𝑃𝐹𝑙𝑢𝑜𝑟𝑜𝑇𝐹𝑙𝑢𝑜𝑟𝑜
𝐶𝐵𝐶𝑇 𝑥𝐶𝐵𝐶𝑇

• 𝑃𝐷𝐸𝑇𝑟𝑎𝑐𝑘𝑒𝑟 = 𝐿2𝑛𝑜𝑟𝑚  𝑃𝐹𝑙𝑢𝑜𝑟𝑜𝑇𝐹𝑙𝑢𝑜𝑟𝑜
𝐶𝐵𝐶𝑇 𝑇𝐶𝑇

𝐶𝐵𝐶𝑇 −1
𝑇𝐶𝑇
𝑇𝑟𝑎𝑐𝑘𝑒𝑟𝑥𝑇𝑟𝑎𝑐𝑘𝑒𝑟 −



Results



Results (cont.)



Results (cont.)



Discussion

• The primary result of the paper is to demonstrate that even a small 
angular separation Δ𝜃 ~ 10 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 is sufficient to get a TRE < 
2mm. 

• The paper demonstrates (both using PDE and TRE) that 3D-2D 
registration is more accurate than the EM tracker (which is the 
conventional method in use).

• TRE was shown to be a more robust metric for characterizing 3D 
localization especially in the case where there is low depth resolution. 



Pros/Cons

• Pros
• Easy to read/concepts well explained

• Relevance to topic

• Characterization of error metrics

• Cons
• Detail for experimental setup were not well drawn out

• Could have used more figures



Questions?


