H 2 %
ACTA AUTOMATICA SINICA

Fr52k Fs5H
2026 4 5 H

Vol. 52, No. 5
May 2026

ETAS-BA-sE” T ENIENNLEE A BiE N OIS &

RN BkeAER T AL fTRE& T RKW% Bax" B g

O AL ANERRGE R R, FO R AR AN AE 0 7 oK H 2t . AR, A LA A HE DR 4% N S R IR A

BBy, TEREGHATCHUAT 55 vh | M2 A AE SR s A7 7E = BR % HIUHR 33 K 5 B3 P ik, AICER g 3k /0 D) 5 B AN . Dy IR sk

Ltl‘rﬂ“ﬁ B — B T B0 ik R BT AR N I I ) B O ¥k %7 15 B A B B i 5 A ORI ICER S s 2E s R
ASH T I H AR IUECAL B 7R A B, Ao i A5 A R i A R VA A ik i VR P A S A AR S vk 1) 7 B, 8

Lﬂik/ml*aﬂtiwﬁlrﬂiﬁﬁﬁﬁ TICAZHITE , ik A P g ) 486 SR, AT Sk B W 0t 1 77— A Rl — 7 1m 138 ™ ) 475 A

AL S8 25 R R, %I VEK 2 Fh H H 1A B AR IR D 2%t 87.50% $2T+2 98.75%, 1E 5y WP AR AT HL S B

TR,

KR LA AP ML So A% RS 2RSS IR

SIFMEE RO, SKEaER, fIRKSE, (8aE, 280, AT, D i, ST IRS-IRA-SE 07 AN LA A B 3& RO 2.

B Zhik 23], 2026, 52(5): 1116-1127

DOI 10.16383/j.aas.c250453 CSTR 32138.14.j.aas.c250453

Robot Adaptive Force Control Grasping Method Based on Bionic Mechanism of
“Shape-Perception-Action”

ZHAO Zhou' GENG Ming-Qiang' HE Qiu-Shi* HE Yun-Xin'
CAI Ming-Da** ZHOU Xiang-Yu** LUO Jing**

Abstract With the rapid development of robot technology, its demand for fine sensing ability is increasing.
However, it is still difficult for existing robots to have the flexible operation ability as human beings. In the fine
grasping task, the robot’s constant force grasping strategy has limitations: Too much grasping force is easy to dam-
age the object, and too little grasping force leads to unstable grasping. In order to solve the above problems, this
paper proposes a robot adaptive force control grasping method based on the fusion of vision and touch. The meth-
od consists of a visual module, a tactile module and a grasping strategy: The vision module is used for predicting
the grab position of the target; In the contact stage, the tactile module recovers the tactile depth with the help of
the visual tactile sensor and estimates the contact area and normal force; Then, the deformation is judged by the
maximum depth change rate and the mean square error between frames, and the grasping force adjustment strategy
is triggered. Thus, the bionic feedback grasping mechanism of “gradual force increase-deformation detection-force re-
treat” is realized. The experimental results show that this method improves the overall success rate of grasping vari-
ous daily objects from 87.50% to 98.75%, and achieves zero damage in grasping fragile objects.
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Fig.1 Human finger and visual tactile sensor
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Fig.2 Robot adaptive force control grasping method

based on bionic mechanism of
“shape-perception-action”
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Fig.8 Grasping tactile images of geometrically regular
objects with the fixed force ((a) Paper cup;

(b) Plastic bottle; (c) Can; (d) Glass bottle;

(e) Rubber; (f) Glue stick)
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Table 4 Maximum tactile depth value and contact area
of grasping geometrically regular objects

(a) (b) (©) (d) () (f)

depth_2 111 1.30 1.21 1.53 1.21 1.53
depth_5 1.17 2.04 1.50 2.14 1.37 2.14
area_2 11612 7234 10718 16573 17123 14 842
area_5 49591 13789 13195 23268 36630 19 572
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Fig.9 Depth value and estimated normal forces of
bottles made of different materials under
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Table 5 Maximum tactile depth value and contact area

of grasping geometrically irregular objects

(a) (b) (©) (d) (e) ®)
depth_2 100 150  3.86 0.91 1.65 1.04

depth_5 1.34 1.65 2.53 1.71 1.74 1.45
area_2 1366 5208 6734 23658 10629 36 063
area_5 4105 8121 25567 25840 22529 57648
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Table 6 Comparison of experimental results between adaptive force control and fixed force grasping strategy
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