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Controlling contact force in robot-assisted cranio-maxillofacial surgery using fuzzy variable

admittance

WANG Zehua, HU Zhi, LU Weiming, NI Shuangtao
School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China

Abstract: A robot force control method based on fuzzy variable admittance is proposed for solving the problem of poor force
control caused by unstable environmental parameters during robot-assisted cranio-maxillofacial surgery. The detection of the
contact force is realized by a force sensor installed at the end of URS5 robot, and the appropriate expected force is set.
According to the changes in environmental parameters, the admittance control model is automatically adjusted and the
expected force is tracked. Finally, contact force tracking and position error simulation analysis are carried out, and force
control experiments is conducted to verify the effectiveness of the control method during the operation process of robot-
assisted pulling apart the simulated maxillofacial tissues. The results show that in a dynamic time-varying surgical
environment, the fuzzy variable admittance control method can achieve the ideal force control, reducing peak contact force
by 10.77%, reducing the number of system oscillations by 50%, and shortening the stable adjustment time by 18.75%. To
some extent, the proposed method can avoid the injury caused by excessive contact force and meet the safety requirements of
surgery.

Keywords: surgical robot; admittance control; fuzzy control; contact force control
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Figure 1 Schematic diagram of the equivalent model of the

interaction process between the robot and the environment
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Figure 2 Schematic diagram of fuzzy variable admittance control principle
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14 ‘ ‘
\ —— WA
;' \ ———- S
12r 44 B P |
h\ \
10— B e
i \/!
8 L
&
= 6l
4_
|
2!
0 I3 L L L
0 0.5 1.0 1.5 2.0
t/s
a: BMAREFENREHELER TEE
12
L [TIVAY, §
! b Il Vi
I
8 | ‘MI]J
\n
6t i
Z hM
sy I
1l
) i
Ii |4H| "\” M.' \'\i'\f\ \h\ ﬂwk
ITRY AR
0 L“'HJMV ,llw‘l‘\vlwl'w\iw fl\ll W
) . . . .
0 0.5 1.0 1.5 2.0 2.5

tls

E9 HEMITESMIEHIEM N RIS R E
Figure 9 Results of fuzzy variable admittance controlled

contact force tracking

1.0 s 1 220 T AR 437 ) 42 fioh 3] pt 61 187 2 21, 7 ) 38
Wi BTV, 1.6 s 20Tt il T4 B0 A2 T 40 45

LR BRI, 32 Mok J7 ORAF 295 10 N, HRZE/N T ivT 41
G2 JIBME 1.8 No LB R A BN A2 3 842 U5 vk
FEA LA A B P ot A A R G A4 fd g 4 o 2
A, LA TR L ER R

4 % i

AR SCEE X AL e A 1 it 0 i SRR T AR G A 3
S S RO [ 72 Al SR 1) 3 4 35O 22 1) R 4 1 — Fof
WIAS FANPEHN T o I IEAE T AR P R A SR A |
TSNS 5 ] % , 30 Ao 592 6 0 O 6 o S S B
DU SR Bk, 45 10 40 R 2598 - (1) dz A 7 il 4%
XF PRI R AN S B AT S R R AT LA AR R B 5
SR B AL 25 R GEA R YRR, 2R G R
PR 25 UL e Aor B R 2 AT sy, — R L I
P TR RERERIRCR s QAW R T
RS TR A PNTAE Y D Re e IR S PN RN



12

s

- 1549 -

2 fl 4 — T 1) S SE Y, AT 7 I 8 S B i T A
FHFRARPIEARA 27 052 150 BEXHLAR A
Bl P SRR TR 22 4552 7 2 A DL B AR BEAT T4
il i Z B — S BEIE

(&% k]

(1] BsAsC. AR &I F RIBAXERAMAID]. L& b
BB KRF, 2017,
Zhou CZ. Research on the key technology of cranio-maxillofacial
plastic surgery robot[ D ]. Shanghai: Shanghai Jiaotong University,
2017.

(2] FULAEE. MRARE F A5 77 FRAIBA LR AL [D]. 7w
TH LK, 2015.
Kong XZ. Research on the key technology of cranio-maxillofacial
puncture diagnosis and treatment robot[ D ]. Beijing: Beijing Institute
of Technology, 2015.

(3] UAUAL, F B 5 RALE AL AR @AM Ve ks 6 77 6 B A [T].
FFa B 5 2 &, 2018, 45(1): 85-90.
Liu HH, Luo E. Application of surgical robots in the treatment of
cranio-maxillofacial non-neoplastic diseases[ J]. International Journal
of Stomatology, 2018, 45(1): 85-90.

[4] Lathrop RA, Rucker DC, Webster RJ. Guidance of a steerable cannula
robot in soft tissue using preoperative imaging and conoscopic surface
contour sensing[ C //IEEE International Conference on Robotics and
Automation. IEEE, 2010: 5601-5606.

[5] Ardir, 245, A&, F . R THHIRACSE T ah el SMHH-F K3
AAMK BTk [T]. LB A, 2017, 39(3): 363-370.

Du ZJ, Wang W, Yan ZY, et al. Human-computer interaction method
of minimally invasive surgical robot based on fuzzy reinforcement
learning[J]. Robot, 2017, 39(3): 363-370.

[6] Pires JN, Godinho T, Aratijo R. Force control for industrial applications
using a fuzzy PI controller[J]. Sens Rev, 2004, 24(1): 60-67.

[7] Ott C, Mukherjee R, Nakamura Y. Unified impedance and admittance
control [CJ/IEEE International Conference on Robotics &
Automation. IEEE, 2010: 554-561.

[8] #hEE, REE, FLF K TEME ) LR LB AL
H ZIRBFT[T]. ALEA, 2010, 32(6): 792-798.

Xu GZ, Song AG, Li HJ. Experimental research on impedance control
of upper limb rehabilitation robot based on fuzzy logic[J]. Robot,
2010, 32(6): 792-798.

[9] Hogan N, Buerger S. Impedance and interaction control, robotics and
automation handbook[ M ]. Pub Location: Boca Raton, 2005: 1-608.

[10] Al-Shuka HF, Leonhardt S, Zhu WH, et al. Active impedance control
of bioinspired motion robotic manipulators: an overview [J]. Appl
Bionics Biomech, 2018, 2018: 8203054.

(%4 TR )



