F14% F£108H 2 B it E M5 M A 2024 510 B

Vol. 14 No. 10 Intelligent Computer and Applications Oct. 2024
A, WIRS, SRR N AT ARRESHHAMBRME E B9 (1], B eeiHENL 50 ,2024,14(10) : 136-142.

DOI: 10. 20169/j. issn. 2095-2163. 241019

MENNFRRESHPFRMEEEIE T IEH R

maE, B B, kKElg
(EBEIEFEARKE BEFEHRIEXEK, £iF 201620)

i OE: EMEN AT A E SUEE T S TIRAE R, AT 2R AT AP A= ) B RE R R
BV RE  ERREA TR S RN 2 AR A S A TR RGEE VIR A5G . A SCHE I AS A AT AR R v, DS s A 0 0 =
T3 4 A Bl T 2 L R o SR BRSO . AR A AR R JE TR E B0 T 2 2R, TETR IR B ) A v T e )
Bk, SO I8 Ll N T RIE N S BORU R AT TR 0 A S 1 A SR, R RBF i 255 A IS B9 3 )
SEHRRS R N T a i A h A B SO ATIB IE . WFSEAE R AR SR B D7 15 A A B 0 2 S RO T LA e
BYR NS L ST MAE N AT ARRGEBEYIE , A RGBSR LK) RS SR §& T B 2 A

FHE.
R MEMNA; SEHER; RBF MY J1 5t v
HESES: TB114.2 ARG : A XEHS: 2095-2163(2024)10-0136-07

Research on parameter identification and model correction method of
vascular interventional surgery system

SUN Liyan, HU Zhi, ZHANG Junfeng

( School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: In vascular interventional procedures, physicians are increasingly relying on force feedback to operate and judge. Most
current interventional surgical robots do not have force feedback, which affects the transparency of the system, and accurate
prediction of model parameters is essential to improve the transparency of vascular interventional surgical systems. During vascular
interventional procedures, a mass—spring model is used to model the dynamics of the catheter at the main end of the hand, and
force—touch rendering is used to obtain force feedback data. However, the kinetic parameters could not be accurately determined
during the modeling process to achieve the accuracy of the force—touch rendering. By using the least squares method as methods for
identifying parameters, accurate kinematic parameters of the catheter model are obtained. The RBF neural network algorithm is
proposed to use the obtained kinematic discrimination parameters to correct the catheter physical parameters in the main tip model.
The results show that the proposed method can improve the model prediction accuracy and system transparency in identifying the
catheter dynamics parameters. It has theoretical significance and practical value for the design of system model parameter
identification and the improvement of force feedback realism.

Key words: vascular intervention; parameter identification; RBF neural networks; force feedback transparence

0 3 TEIMAE S AFA, J1 B B 2R 28 B R G i

e N TR S5 ) 5 RS — e I ER R 5L A

DU AT AREA B IR B2 TR AEUE, RGEV RN AT ARBRCR

P X S Tos bt O 55 B, BRI T AN AT RGUFTEEEURE I 2 28055 5 R 2 W LAY

AREGHE— 20 K AN L2, Wi ff X SE R B 27 R TR A b JCIE HE w2 3l 1 2+ 28, ok ik
BIEHL B AR R A A A AR A LA, BT g,

[l

EETE: EXHRESHTEREIS (62003207) ; ERE S AR (2019YFC0119303) ,

EER: ININE (1997-) , Lo HWF A, FZEREGR 7 1) HLas AR S0 545

BWESE: B BB (1985-) 95 M BIEUR, B A S0, A58 05 1) .y falest B f, 3 4%l . Email ; huzhi26@ 126. com

We#E B #: 2023-05-17 % ki Ik & % 3 2 KRN




5510 1

A, &5 MEN AFARRGESHAR A EUE E T 0T 137

FIEFA M E N AFARRG R TEN
Jo R A3 AT M H T i S0, — PR B U, H
MR 2 B, —FPor A BRoeHk (FFM) 7
Berkley 252438 (i Szt £t BROC % A B
F A AR O AT AR AR UEA T S, A A HL AT A g P
JE AR A BRI BE R B 1B DL T, AN s A
P 200 KA, 55— Fp Oy vk 02 3 37 oe i
(BEM) ™' | s2er g MR Foe g b s T
(BRI SO W /L SUE SN R & S -3
TG BRIEL TR Z PR SRASEEARAY (MSM)
W T AR SRR 2 ] T AR BT AR TR
TR APREY, TEZ S ) P IR 245 — 1 SR AR I
PREEARIE Oy vk NSRRI A b A FR RS e M, L
A UV T A A S L (AR ) T AR
VEREAR R, AR A S

2ot S B 1A R W R ST T S
AU R FE NS S8, B LR A N R 50
WHIT vk, Hz—J cAD ¥ SV EM R
CAD (LI E # AL a8 AT S50, AN 5 SR EE 18R
SRR Bh D) 2k R iV 78 SEBR TR B AE 7R 1R
22 B FESH 2, A —FR AR LY
kA ) R A X Tl AL g AR S 8k A7
MBS R A BIHL R A HUBE A B S8,
7 & h 1A R R TS 3 B4 A (RN SR (L= TR
WRIFAEE TR 22, A — Rl e/ 3Rk
HAE RRAE 5 1), 2808 B P AR ELR AR
TS AR RS R Y

FF o e AT R T T, X 3 T AR A
R R A3 A R 0 1 3ot o oA SR 2808
P AT 0, B A 32 T BOE W0 A RBF 25
o 245 L2 L R B %) 3 30T R T PR v i e e AR e
RGEPHRPAR T Z

25 b A SN R A R FH R I vk i A T 8l
Ff s R N R T SR, i JE A
RBF M M8 B IE M S0 Sl f BL5E
EUOUE T RBF 118 X 4 503k (4 A s v A o, &2
REHIRES IR ENZ R GRS HUE IE I,

1 MENNFREENABSHENE

PEAT LA S AT RIS A S LR 5B — P 2
R FETER S P ALRS A R 5 R g Y
Bdli, o TIE S S8 AR N AP AL I
EICAFARRGAEE, IRI5 73 %k S48 1R 07 25 0
715 LA A i O D R AT T DA

1.1 MEANNFARSE
MAF A AT ARHL G AL S RGBT A& 1 By
Ro

341 i
Bt R
B
By
S

() T4 (b) T3
E1 mENANFAMNERLS

Fig. 1 Vascular interventional robot measurement system
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Table 1 The sensor output resistance and conductance correspond

to the applied pressure

JEJ1/N LI EENCEVANG) LIS VAN
0 o 0. 000 0
0.5 300.0 0.003 3
1.0 160. 0 0. 006 3
2.0 50.0 0.020 0
5.0 22.0 0.045 5

10.0 9.1 0.109 9
20.0 4.7 0.212°8
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Fig. 2 Linearity of output conductivity with respect to applied

pressure
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Fig. 3 Schematic diagram of two black stripes marking the tip of

the catheter
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Table 2 The names of different vascular bifurcations and corresponding data
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Fig. 4 Mass spring damping model of the catheter
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