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Abstract. We developed a finger teleoperation environment in which objects can 
be pinched and rolled using two fingers. The operator receives tactile feedback 
from an electro-tactile display that covers the volar surface of the distal phalanges 
of the thumb and index finger. Furthermore, the remotely operated robot has a 
newly designed dexterous pinching mechanism with three degrees of freedom 
(DOF) for the index finger and one DOF for the thumb. 
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Fig. 1. (a) Overview. (b) 4DOF gripper for dexterous finger manipulation. (c) Electro-tactile 
display for the entire surface of the distal phalanges. (d) Tactile sensor for the gripper 

1 Introduction 

When we pick up a pen with our fingers, we recognize at what inclination and position 
contact has been made, fine-tune the posture of the fingers subconsciously, and pick it 
up. Here we see the coordination of the high-resolution tactile perception and the multi-
degree-of-freedom control of the finger.  

This project is a new proposal for remote working using hands that realizes the afore-
mentioned finger capabilities. Despite considerable research on teleoperation using 
haptics, most have focused on reproducing the sensation of force between the robotic 
hand and object. The skin sensation was mainly used to convey the direction and mag-
nitude of the force [1,2], or using vibratory sensation to understand the state of contact 
with the object[3,4]. In some cases Cutaneous sensations have been used for spatial 



information transmission [5, 6], but the surface area that could be presented was re-
stricted to a small portion of the finger pad. 

This project aims to utilize the high-resolution tactile capabilities of the skin at the 
fingertips by including the entire fingertip in the teleoperative process (Fig. 1.). For this 
purpose, we developed an electro-tactile display designed to fit the finger shape, and a 
new multi-DoF gripper to realize sliding motion between opposing fingers. 

2 Implementation 

Electrical stimulation was employed as the means of presenting tactile sensation to the 
entire fingertip (Fig. 1.(c)). A flexible substrate was used for the 64 electrodes with 
2.54mm spacing, and multiple horizontal slits were provided at the part that contacts 
the fingertip to enable deformation along the curvature of the finger. In addition, a 
sponge was placed under the electrode as a mechanism to ensure that the electrode 
faithfully reproduces the shape of the finger when the finger is pressed against it. A 
tactile sensor comprising 10 by 10 elements spaced 2 mm apart (Fig. 1.(d)) was used. 
The information is sent to a PC via USB, and the edges of the contact area are extracted, 
converted into an electric stimulation pattern, and sent to the electro-tactile display.  

The remotely operated system comprises a 6-DOF robot (MyCobot, Elephant Ro-
botics) and a gripper attached to its tip. We developed a new gripper comprising an 
index finger with 3-DOFs and a thumb with 1-DOF. This design is based on the obser-
vation that the index finger primarily moves to fine-tune the motion when an object is 
placed between the two fingers and rolled. The tip of the gripper is equipped with the 
aforementioned tactile sensor. 

The operator side of the system comprises an electro-tactile display attached to the 
fingertip and motion capture of the fingertip position (V120 Trio, Acuity Inc.).  
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