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Real-time perception of operational intention based on arrayed tactile sensors

Li Tiejun, Liu Yingxin, Liu Jinyue, Yang Dong
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300132, China)

Abstract : Aiming at cooperative robot, a flexible array type tactile sensor is independently developed and packaged into a tactile handle
that can sense the grip posture and force of human hand. A convolutional neural network ( CNN)-based method is proposed, which can
distinguish the three modes of loose griping, tight griping and inadvertently touching the tactile handle. The recognition accuracy reaches
98.2%. A variable admittance control strategy is proposed to adjust the virtual damping of the manipulator in real time according to the
state with which human hand grasps the handle. Based on this tactile handle, the local posture change of human hand can be sensed in
real time, the operator operation intention can be accurately estimated, and the local perception information is transmitted to the robot to
control its motion. Taking the UR collaborative robot as the experiment platform, using the tactile handle as the perceptual input, the
human-computer interaction experiment was conducted, and the motion accuracy of the manipulator was evaluated. Experiment results
show that the tactile handle has good intentional perception capability.

Keywords : human-robot cooperation; tactile perception; human hand grip recognition; intentional understanding
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Fig.1 Tactile sensor structure and principle
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Fig.2 Tactile sensor array structure
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Fig.3 Tactile sensor calibration principle
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Fig.4 Tactile sensor calibration test

M A AL B ITZ B A SR T B, F S AT HL A
(EWSR

C =¢-s/d, (3)
K € BHANITCZ T L AH  d, P R AZ 3]
1B

AR XA BT Z AR 1R €,/ Cy IS E R 0~
255, SEhR AR OTZ J) RS R A REIA ) 255,

fab st AL B P RE M 2R an 1 5 BRI 5 (a) 1]
A AR T RS R, A R BRSO, H B —
FEMIRAE B S (b) AN, 7L s 53k 48 T
10 AR B (AR ITHAT T A (RS ) 5E , IEXT
X 10 M E BB SIS K BLELG Z 5 i it 408
TR, G 5(b) SERZR TR fil 56 A% AR LA LT Y
— BRI RS R, e RiR 220 4.3% M —EREE [
T SRR R R E R 7oK
1.3 bR SR HME

R 75 FE A FH S B 1) XAl o A% SRS R A N TR (]
B NG BEER AT A IR . g B 26 N T35 3 ST 0T £ Ik
A PERERSZ I | 0 R e 5 AL R g R B ik, £5 G

10 20 30 40 50 60
HUA BTG HT R R JI/N
(a) fi B A S B WA R it £

(a) Tactile sensor single capacitance performance curve
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Fig.7 The states of human hand griping the tactile handle
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Table 1 Convolutional neural network layer parameters
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Table 2 Training set accuracy (%)
BARIREL

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

0.01 72.6 89.9 73. 1 90. 4 92.5 95.3 93.7 95.2 94.3 92.6 95.5 93.7 95.5 93.9 95.6
0.05 65.1 92.9 93.7 95.2 95.7 96. 3 96. 1 96.7 96. 8 95.9 97.1 97.1 96.7 96.7 97.0
0.1 92.3 93.8 92.6 96. 4 96.0 92.1 97.0 96. 8 97.1 97.4 97.1 96. 8 97.5 97.4 97.3
0.2 93.1 96.0 65.1 96.5 85.6 96. 8 96. 4 97.7 97.6 97.6 96.9 97.3 97.2 97.4 97.3
0.4 83.7 95.6 94.9 96.2 97.3 97.1 96.9 96. 6 97.2 97.0 97.5 97.7 97.1 98. 1 97.9
0.6 63.1 95.0 95.8 96.7 96.7 97.5 97.5 96. 8 97.5 97.8 98.2 98.1 98. 1 97.9 98.1
0.8 37.8 75.6 95.8 96.7 80.5 97.0 95.9 97.7 97.2 97.6 96.3 97.8 98.0 98.0 97.8
0.9 68.7 33.3 96. 8 96.3 97.1 96.5 96. 4 97.5 97.0 97.5 97.0 97.2 97.9 98. 1 97.8
1 33.3 33.3 94.3 85.4 97.2 33.3 97.1 90.0 97.5 95.7 96. 8 97.6 97.8 98.0 97.2
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Table 3 Test set accuracy (%)
i ARV
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
0.01 72.8 8.3 72.5 8.7 93.5 947 933 935 940 928 951 948 955 953 950
0.05 66.8 92.8 950 948 957 963 957 963 960 958 966 96.5 96.0 97.0  96.5
0.1 92.8 955 942 963 963 9.7 96.5 97.0 96.7 96.2 958 96.3 96.3 96.6  96.2
0.2 95.2  96.3 67.0 96.2 87.8 953 958 97.2 96.8 96.3 96.5 96.5 96.8 96.7  96.5
0.4 85.8 958 945 960 96.3 96.5 958 96.0 967 958 97.0 97.0 96.6 97.3  97.3
0.6 64.3 947 96.0 96.0 96.3 96.7 96.7 96.3 96.6 96.7 97.3 9.5 97.6 97.1 915
0.8 38.2 78.2 96.2 96.2 78.8 96.2 96.3 96.5 96.3 96.3 95.0 97.0 96.5 97.3 97.3
0.9 69.3 33.3 95.8 96.0 96.0 96.0 96.5 97.0 96.5 97.1 96. 6 96.7 96.5 97.6 97.3
1 33.5 33.3 95.3 84.3 96.7 33.3 96.0 91.8 96. 8 96. 8 96.7 96. 6 97.6 96.5 96. 8
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