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Biomechanical Modeling of Tissues at Relaxation Stage Based on
Neural Network

HU Lingyan, ZHOU Wenjin
( School of Information Engineering, Nanchang University, Nanchang 330031, China)

Abstract: Objective  Taking pig kidney as an example, through a series of comparative and analogical
experiments, the influencing factors of compressive stress at relaxation stage of biological tissues were analyzed,
and a more accurate and widely applicable biomechanical model at relaxation stage was established. Methods
The compressive stress relaxation experiments of pig kidney under different conditions were carried out by using
the self-built mechanical experiment platform. The collected data were analyzed and mapped, and various factors
affecting the relaxation force changes were summarized. Based on the conclusion, the neural network learning
algorithm was used to model the force change process at relaxation stage of pig kidney. Results The pre-
extrusion pressure and relaxation time were the main influencing factors for compressive stress changes of
biological tissues at relaxation stage. The average error of test sample validation experiment was 6. 4 mN, and the
average prediction error of generalization sample validation experiment was 34. 9 mN, so the modeling effect was
good. Conclusions Neural network modeling algorithm has the advantages of strong generalization ability and
good fault tolerance, which contributes to providing more realistic force tactile feedback prediction for virtual
surgery system. It is also a new idea for mechanical modeling of nonlinear biological tissues.
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Tab.1 Grouping of experiments
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X-S1 X 6 1.319
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X-S3 X 6 6. 442
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X-B2 X 10 3.083
X-B3 X 10 5.956
Y-Sl Y 1.589
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Y-S3 Y 6.038
Y-B1 Y 10 1.992
Y-B2 Y 10 3.507
Y-B3 Y 10 6.012

JETE A A, Fe3t 4 28X Jsbdl, © AFEL
st A i)« 4 2H S 50 489 T XS AN [ s st B 1) 4 5 A
17, @ ANFRIS B 7. il an X-S1 41 X-S2
415 X-S3 41, 45 il A [R] B AR 15 A Y 20 41K 3 57 7 [
—E, Rl E R B R ARSI 2 ik 1.3.6 N R
AN R 3 LR BT R T, B AN T AR 451
X-S1 45 X-B1 4, EHHF 542 0 RAE A , PRIED)
4 R 3 AR TRD, 43 590 oF [R) — % ' 200 A7 R 17 7 408 il 5
¥, @ ARAME, 40 X-S1 415 Y-S1 41, B
AEA R AR B, 43 A TR R 24 1
N IRNSSCES . T AEY A SRR AR
FEPRAT I L S X AR AR R A7 T R B 1k
et RE e P/ ST S L M il I NS e R |
BRI HLUNTREE R 2% B S R AL 3R M
DABIRE B 52 S AT, OS2 B AR SC G 52 i) TR 2R
i

U B, T IN A R AR EROAR AR BRLLE 1Y )
Anfl 1 HRAR It FLA B 3R H O R 3K S A AR
PR UEAR R 3% T, SRR 42 1l 11 75 4 L ik 5]
T REHA WO S AE R R AR T R IR R AR
SR 58 e AR o
1.2.3 A2 WA AL EHEELF i  BEE
Tk AR SRR R A e R AR, X
T4 28 000 245 EL A LR e« o, i T 4 ) M
2 ) AT DAMRHE EL AR 1 0 32 A2 2, D Ak A5 i A
B P R O R, o B 06 R DA B AU S
TP, JE M4 2870, 1T LU R 4% F ol £k
KFHOKR M2 2 A 17 AL RE A1, B4 28 0 2% Xof

PR (AR P et 25 1) 246 S N7 P B AR T B A
it 75

T 3 SR SR RS S B, AT AS R st P TR] 5 )
LR R 1 A B R st B Be 71 78 Ak =R PR R Y
S50 T ARSI T 2 )2 A i AT 5
2% (WL 2), ETFR S, BERE Sigmoid
PRIICA T PR, RIIEL 2 v @ BRI, I R 25 2 )
TR EIE AT ISR, Pl 28 X 28 B 35 )23 749 A Y ik i
TR IS HAE , — AR BN LRI 5 250, AW
PRI AR, 2 USRI ZREE R Wos , Bl A
Bl AR 2 R AE R 2T U 4 IR ROCR B
U AR GBI & 29 R 4,

;: \\

P 3 N
Wi/

2 H, N\ ‘

N A !

FATI TRIT Qwrjj,vj/. ~Lw s 5

WANNY W Y :

VXK v 3@ {BHhr]

2SR — / :

y - s :

BB, fop 5 My, ‘
SN

(Cd

/

MWAR RER R
B2 HEMEEHE

Fig.2 Structure diagram of neural network
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Tab.2 Fitting parameters and errors of normalized compressive stress relaxation function
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Tab.3 Fitting parameters and errors of cylindrical pin force function
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