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Probe shaft length 385 mm 

Probe shaft diameter 10 mm 

Number of sensor elements 60 

Area of each sensor element 4 mm2 

Thickness of sensor 0.3 mm 

Pressure range of sensor 0–14,000 kPa 

Temperature range of sensor -40°–200°C  
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Using the robotic system for palpation realized:  

 A 35% decrease in maximum forces applied on tissue,  

 A 50% increase in tumor detection accuracy,  

 Reduced tissue trauma, and increased tumor detection.  

Measures:  

1.  Success rate:  

 Accuracy: proportion of tests that were correctly identified as 

having or not having a tumor. 

 Sensitivity: proportion of tumors present in the samples and test 

positive. 

 Specificity: proportion of specimens that do not have tumors and 

test negative. 

2.  Palpation force: maximum force exerted on the tissue (force sensor A). 

Trial Accuracy Sensitivity Specificity 

Human 

Small Tumors 49% 67% 22% 

Large Tumors 69% 94% 30% 

Average 59% 81% 26% 

Robot  

Small Tumors 87% 92% 75% 

Large Tumors 98% 97% 100% 

Average 92% 94% 86% 

Proposed Solution: The Tactile Sensing Instrument (TSI) 

Experimental Evaluation 

Results 

Conclusions and Future Work 

Unfortunately, the small 

incisions of MIS prevent 

direct palpation of the organs 

for tumor localization.  

Open surgery for tumor 

resection involves a large 

incision. 

Minimally Invasive Surgery (MIS) reduces collateral 

damage by entering the patient’s body through 10 mm 

incisions. 

The TSI uses a pressure sensing pad (PPS, Inc.) based on 60 distinct capacitive elements. 

Objective: To assess the feasibility of using the TSI under both human and robotic control to reliably locate tumors. 
 
 Manual Setup Robotic Setup 

Ex vivo bovine liver was 

used with artificial 

tumors: 5-mm spheres 

and 10-mm half spheres 

made of thermoplastic 

adhesive. 

An Augmented Hybrid Impedance Control (AHIC) scheme 

was implemented on a Mitsubishi PA10-7C robot for force 

and position control.  

In the manual tests, plastic markers were 

used to indicate where a tumor was 

detected.   

Radiographs were then used to assess if a 

tumor was indeed present or if any were 

missed.   

In the robotic tests, the position of the instrument and the pressure from 

the TSI were recorded. A 2D map was created using this information.  

 1 Large Tumor 2 Large Tumors 

 2 Small Tumors No Tumors  

For each subject and for the robot, 18 samples were completed (9 with small tumors and 9 with large tumors). Each 

 sample contained 0–2 tumors. A double blinded assessment was performed. 

Trajectory tracking of the robot end-effector showing 

the switching between force and position control.   

The application of forces 

greater than 6 N caused 

visible damage to the 

tissue.  This happened 

only in the human trials. Human Robot 


