
Finger design leveraged inherent compliance of silicone 

Transverse rigidity increased with metallic backbone 

Finger actuation integrated using a tendon 

Force feedback accomplished using FlexiForce A301 

resistive force sensors (Tekscan) 

Force sensors regulated motor speed using PD controller 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The gripper assembly relied on synchronous linear 

retraction of all three tendons 

 Linear retraction was executed using a stepper motor and 

lead screw mechanism 
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 Gripper can provide comparable harvesting reliability and 

post-harvest quality   

 Further testing, tuning, and optimizing of the gripper can 

improve post-harvest quality, harvesting time and reliability 

300 blackberries harvested 

180 harvested at three force thresholds (60 per force) 

60 harvested without force sensors as control 

60 harvested by hand 

Red drupelet reversion evaluated during storage (21 days) 

at 2 °C 

Red Drupelet Reversion [%] = 
𝑁𝑤𝑖𝑡ℎ 𝑅𝐷𝑅

𝑁ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑
∗ 100% 

Reliability [%] = 
𝑁ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑

𝑁𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠
∗ 100% 

Harvesting time analyzed using video verification 
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Field Test Analysis 
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Experimental Results  

 Global blackberry production and consumption have 

increased in recent years, coinciding with consumer 

awareness of health-promoting benefits 

 Fresh-market blackberries are primarily hand-harvested; 

however, there are issues with labor shortages and costs.  

 Existing robotic harvesting systems are not suitable for 

blackberries, which require delicate interaction forces 

 Using preliminary data on force characterization to harvest 

blackberries, a tendon-driven soft robotic gripper was 

developed using compliant materials and force feedback for 

gentle harvesting of blackberries 

Finger Design and Force Feedback 

Force Sensor Characterization 

Table 1. Resulting Harvesting Metrics Comparison 

Parameter FB 1i FB 2 FB 3 No FBii Handiii 

Desired Force [N] 0.59 0.69  0.78 N/A  N/A  

Red Drupelet Reversion [%] 0.00 8.00  16.00 0.00 0.00  

Reliability [%] 77.92 86.96 95.24 85.71  100  

Harvest Time [s] 8.10 7.30 4.80 3.50 2.40 
i. FB refers to a gripper test that utilized the force sensors to provide force feedback during harvesting 

ii. No FB refers to a gripper test that had the force sensors removed during harvesting. A tendon retraction of 4 mm was used for each berry 

iii. Hand refers to a test where berries were harvested by hand 
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