5328 561 hEERIMIRE Vol.32  No.6
2023 4F 6 H China Journal of General Surgery Jun. 2023

2[m doi:10.7659/.issn.1005-6947.2023.06.013 . —Lm an__,_ji o
L 0 )\ -0 I

[=] ¥l China Journal of General Surgery, 2023, 32(6):915-922.

MENNFAVFARENRIGEAARTRE
I, HIR, FR

(1. bigdE Ry T42%%, i 2013065 2. EETABRFHES SARER EFEE&4, LiF 200233)

= M A AFARIE—FF B2 5200, ARS8 il i A A, s
BEALHEATIZIT T AR B BAQI/N . E D I RAEDSEU AL, © A O I 15 9 55 22
PRI I T BETRYT i SR, R T A A B AE MR AT ek AR A N IR ERAE A ME LU, N T B
AN B, BEA T TR IA], Ak T R R A R R R O R AT RS . 5 — v, A
A AT AR B AR PR R R B R T ] AT R i TR B AR i A B, X SRR R R R ] 1 il A
MAFARWZRH . R T FJX e [, LA A B A AT AR #2008 T
S B BHMEAE MR, REHMENMAFRZEL ., Bt B M EZEFR., R, A
X5 T A AT ARBLEF NG AL . HUBUE 2540 S A G EOR , IR ARIMA AR R = H, TR
T8 A e 2 il HL A 5 2% PRI A8 . ARG A8 | 1k PAT S A8 v 1 1 A2 3 T BRI o 0 AR U 43 BT I A
A AFARULEE NI R AR I A g Se B U AR T oK, R8s & BN AMIFsR R, 495 T 1R
BRECR MR SEITI, R A AT AL AT R BER BT St T B8 2 2% FI e ikds o N TR
TEO A EE R K, DT IER A g 0] S g % g 450 6 [ 880 A 75 T o) 3R 7 T 5 it AR T I 9 e A [
J1R1 R N B0 i i B2 R BN L L R R PR DA R T A T . HE RN AR G T A A AT
RN T AR B AR R A T2 B B, B AE h /e 5L T HUME FH . FR 38 A8 VORI O 28 T 55 =X
M I IE M ARG I & b, k2 SRR B Bl — B R A ROBURCR , (H A7 A — o e R A
AR Z A HUBE) B LA S RS RS P AARR IS K B 0 I 35 s WL IR AR W St T AR L TR
R N2 4 [ 5 B L A8 W 0 BB A B ™ A 1 DRt A Bt sl 280 B 77 2 B R 488 T T T W
R, Mk, WEE-PHRRE M. ERY . HRE . EEAERBEN I RBEEAR. S,
“JRE IR TR BT AR (A A R WA W 0 R 3 e R R S B
K, Mt B &, WA . IR . ) R = AN AT IR AT, T4 A N A B 4 B
FERCR AT AR, BEE N TR AE . KEUE . W . CZGlfE . MokkaE . P aes 55 M g U R &
J&, TR R A A AT RIS AT R BB R SR LS 2 nr ge v AERT AR, [FIAE, R TR RS R
MM, SRR, BRAICMAS | GRS S0 E . flA 5C MR BIE S H AR S, ol LAl A5 1
BENANANFARILG AR RNz R H .

X H A M REAE; S/MRAMESMIT R, LSS AT AR, 0 Bt 2k
FESES: R6543

EEWME: PN EBAR AR EZEH S TRISEE B E (2022YFC2408700; 2022YFC2407005) .
i HEA: 2023-02-28; fEITHHEA: 2023-05-27,

EERIY: BEEF, DIBTEANARERBEMEAE, FEENFETFRAE 58 T,

WIEMEE: 256, Email: Libin2001@hotmail.com

© WA F [ H3E A FH 4 E BT http://www.zpwz.net
915


mailto:E-mail:Libin2001@hotmail.com

916

b E A RS $32k
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Abstract

Vascular interventional surgery is a surgical method that uses instruments such as catheters and guide
wires to enter the blood vessels through a minimally invasive skin puncture under visual image guidance
and performs diagnosis and treatment on the lesion site. It has the advantages of small trauma, fast
recovery, and few complications, and it has become the preferred treatment method for various diseases,
such as cardiovascular and cerebrovascular diseases. However, due to the narrow and complex nature of
blood vessels, manipulating catheters inside them becomes challenging, increasing the cognitive load on
doctors, prolonging surgery time, and raising fatigue levels and surgical risks for operators and patients.
On the other hand, vascular interventional surgery requires the high proficiency of doctors, and the
number of doctors who can carry out many operations is limited. These greatly limit the broad
application of vascular interventional surgery. Robot-assisted vascular interventional surgery has been
expected to solve these problems for its accuracy, flexibility, and convenience. Realizing vascular
interventional surgery's remoteization, intelligentization, and digitalization is essential. However,
compared with other key technologies, such as image navigation and mechanical arm structure of
vascular interventional surgery robots, force feedback technology still has a large gap. The lack of force
feedback limits its application in complex and challenging, calcified, and chronic occlusive lesions.
Therefore, this paper analyzes the fundamental problems, implementation methods, and technical
requirements of force feedback technology for vascular interventional surgery robots and discusses the
development direction of force feedback technology in combination with domestic and foreign research
progress, providing theoretical reference and practical guidance for the research of force feedback
technology for vascular interventional surgery robots. From the perspective of engineering design, the
fundamental problems faced by force feedback technology are explained from two aspects: the problem
of manual force perception and the problem of force compensation force loss, and the process of manual
force perception, the range of perceived force, the causes of force loss and the method of force
compensation are briefly described. Domestic and foreign research on force feedback technology for
vascular interventional surgery robots is still in its infancy, mainly focusing on experimental verification
and system development based on mechanical action, electrorheological fluid, and magnetorheological
fluid. Although these methods can achieve a certain degree of force feedback effect, they also have some
limitations and shortcomings: mechanical force feedback is difficult to overcome inertia; noise
interference and large volume limit application scenarios; electrorheological fluid force feedback
working voltage greatly exceeds human body safety threshold; magnetorheological fluid force feedback
is accompanied by a large amount of heat and friction from the passive viscosity that interferes with
accurate force presentation. Therefore, exploring more efficient, sensitive, stable, and suitable remote
operation force feedback technology is necessary. In addition, "local force feedback" and "perceptual
substitution" are two promising force feedback methods worth exploring. For the technical requirements
of force feedback implementation, this paper analyzes in depth from sensor, force detection, and force
feedback based on the force transmission process and elaborates on the latest research results at home
and abroad. With the development of other interdisciplinary disciplines such as artificial intelligence, big
data, the Internet of Things, wireless communication, materials science, and physics, more possibilities

and innovations can be provided for force feedback technology for vascular interventional surgery

© WA F [ H3E A FH 4 E BT http://www.zpwz.net



5 6 11

Ei, F M NNF AR AR KRR 53R 917

robots. At the same time, establishing a monitoring platform based on information fusion technology,

improving relevant laws and regulations, reducing costs, conducting clinical trials and validations, and

integrating 5G and virtual reality technologies can enable broader applications of robot-assisted vascular

intervention surgery.
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