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Intuitivesurgical.com 

Assistance systems: 

 

● Collision avoidance 

 

● Camera positioning 

 

● Automated procedures 
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Richard Wolf GmbH 

● Augment color with metric 

range information 

 

● Rigid endoscope 

 

● Time-of-Flight: 64×48 px 

 

● Color: 640×480 px 
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 Calculate the transformation 

on the color images 

 Scale transformation into 

the range domain 
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[1] “ToF Meets RGB: Novel Multi-Sensor Super-Resolution for Hybrid 3-D Endoscopy”, MICCAI 2013 
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Hybrid approach: 

 

1. Segment tools in ToF data 

(tools are close to the sensor) 

 

2. Segment tools in RGB data 

(tools are grayish  HSV) 

 

3. Consolidate both results 
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Ex-vivo experiments with two endoscopic tools in two scenarios with 

six frames each ( 12 data sets) and expert labeled ground truth data. 

 

  ToF Color  ToF & Color  Formula 

Sensitivity 0.93 0.91 0.85 
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

Specificity 0.67 0.80 0.91 
𝑇𝑁

𝑇𝑁 + 𝐹𝑃
 

F-Score 0.50 0.61 0.73 
2 × 𝑇𝑃

2 × 𝑇𝑃 + 𝐹𝑃 + 𝐹𝑁
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Input Data ToF Mask RGB Mask Final Mask 

 

● Improve the Super-Resolution 

framework 

● Consider more complex segmentation 

techniques (e.g. k-means ..) 

 

 



Thank you 



Multi-frame Super-Resolution 

● Simultaneously increase image quality and spatial resolution 

● Exploit small movements of the sensor 

 

1. Register all images 

2. Set up a generative image model 

 

𝒚(𝑘) = 𝑾(𝑘)𝒙 + 𝜖(𝑘)    
𝑾(𝑘) : System matrix of the 𝑘𝑡ℎ frame 

 

3. Solve the equation system 

 

 
𝒙 𝑀𝐴𝑃 = argmin

𝒙
 𝒚 𝑘 −𝑾 𝑘 𝒙

2

2
+  𝜆𝑅(𝒙)

𝐾

𝑘=1
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