%31 %5 10 3 N B 5 R A Vol. 31 No. 10
2014 £ 10 H Control Theory & Applications Oct. 2014

DOI: 10.7641/CTA.2014.40047

T Al At ORISR AT R v

EAAEL, BHNIL, EaA!, R R
(1. HERERR YO BSMEESET, 3T YRRH 110016;
2. PEBLERERZE, 65T 100080; 3. 724 K2: WA TAE2ERE, Hivis Bris)

WE: FRIAEG 0 O/ IERERE, & Z 4 RMEIF R, FetEe 0 2 w46 58 g fiR 1 sod. 4
SCE ST RS I B A, A TG R /R 2 98 YK (unscented Kalman filter, UKF)XY %8 Rl i F2 th 2L £ 4 R AL E
FZABAT T, ARG ARIE R AT (018 3 2245 s R T — P T e R Va3 7 vk, 2 Hr s ) R Bk il
T )5, SR Ik SRR B R R SR I B0 E i HA I A R 7E S RIR BE O 100 mm B LT, A SCHR H I 7
YR BB o AR 22 SR FFAE0.S mmBA R, 14 S50 th 3R W AR AL S 4005 5 B fE IR 25 16 — 58 Y Bl P I, 1243 1 07 ¥k
AT5 BEAE SN K 5E 1) 2 .

KR AR MRS, A FRIR, L R/R B2 IERK

FESES: TP273 SCHRFRINED: A

A control method for puncture with flexible needle
based on reachable decision
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Abstract: Because of the tiny trauma and rapid recovery, punctures have been widely adopted in clinics. The flexible
needle is an improvement of the traditional steel needle. We firstly build the kinematic model of a flexible needle and
use unscented Kalman filter (UKF) to estimate the states of the flexible needle tip. Then, a control method based on
the reachable region of flexible needle is developed according to the characteristic of the kinematic model of the flexible
needle. We analyze the reachable parameter’s effect on the puncture trail. Simulations and gelatin puncture tests show that
this control method is precise and robust. The tip error will be confined to 0.5 mm when the insert distance is 100 mm.
Simulation results also indicate that the control method can achieve high-precision puncture when the error between the

model parameter and actual value is within a certain range.
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Fig. 1 Kinematic model of flexible needle
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Fig. 2 UKEF estimation error of needle tip’s position & posture
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Fig. 5 Flow chart of needle puncture control

24 B S AL TN A 2, 32 d K v
B B AR B b AT, R R e 27 T H
PRALE 7 R A A R
7w —arctan( b

yp?

)7 ;Up?>07 yp?>07

JIPB
g = { — m—arctan(—-), z,2 <0, y,z >0,
2
T,B
— arctan(—%), Ypr <0,
Yy

8)

Forf: ap, y,p 8 BAR RAESH SRR R F e, yfH; AR
TR, NBKR, FRIDED, Geig PRE Hh 58 e
RIS, (R 2, VBV, FRIPH S, FERE
IR, (BRI S H AN R B 52
FKE EE IR, VR T AR NEAT s ), IXRERE
A A/ DI HISE X RERE R R . 9 FR, 1R
PEEF R B B AR E HIFE B 2 Bed e M, Hopd, Rt
B H AR B P .
A1, di < dy,
A= { A2, do < dy < dy, ©)
As, dyy < ds.

ARSI R B e M R, MeBRRT, FR
R AR, H Ax mipP 5 B8 76 vk X 35k Y 1) B (R
XFEERE P R D, FRIIE B NP, M/,
H b s plP 2885 AbFH000 5 B LAAL, 35 B 2 I 1 3h
A, T 5 2 S P EL

WP 6-THT7I, MR8 Te BT 24 1 R e, 12
REBDHIBEE IR B, IR K eE; 4Bk g
BRI, R AE.
4 fHERISLE (Simulations and experiments)

AEN PR B HAERRGESLR . FHRITF &
FBA R ZE I SELG. B SE AT SN 2 IR A R
ATV b, FERE R S HFAE I 2= I R G
F RS AT IAE. SR 5 A S P &,
B Je e v A B R SR B0 HEA T

3.5
120 F
3.0¢
100 F gall
E 80 2.0+
o]
= 60f § 1.5
40 ® 1.0
20+ et
" 0.0
2, \\)00) s 05 ' '
O"b Nl 0 50 100 150

L/ mm
Bl 6 FE#e = 0.9 FIHZFN A RN

Fig. 6 Puncture trail and angular velocity when € = 0.9
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Fig. 8 Puncture errors of 1000 times simulations
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Fig. 13 Trails of flexible needle punctured in gelatin
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Table 1 Errors between needle tip and target

A% H#A# /mm ZFHRZE /mm
1 (=5,-10,100) 0.2684
2 (—5,0,100) 0.2616
3 (—5,10,100) 0.2238
4 (0,-10,100) 0.4127
5 (0,0,100) 0.1239
6 (0,10, 100) 0.4378
7 (5,—10,100 0.3337
8 (5,0, 100) 0.2191
9 (5,10, 100) 0.0928
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Fig. 14 Trails of Flexible needle punctured in gelatin

when ¢ changes from 0.1 to 0.9
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2 eB0.12)0.985, sestah4E iy & B 4tk M
Table 2 Percentage of rotate actions when ¢
changes from 0.1 to 0.9

€ 0.1 0.2 0.3 0.4 0.5
M 50.0 427 382 31.7 323
€ 0.6 0.7 0.8 0.9
M 300 232 250 14.0

5 %5 (Conclusions)

BEXT R AT AR S B B ) AR R, A SCER H—
FEF I MR T, TR S R B AT
¥, A SR R AR AR, AT5 R B S IR A 1 2
i,

HAT R IR, 75 B0 TE F AT 1) 4 i E AN
LA MR T RIS ZRE, R B, ToiAE
FEME G e et AR I 7 SRR R RS, ARSUAE
FIUKFAE TR BRURAS R, HHEE iR
SEEIOUE T TR . S SR RN ER B
AR 1 AR S HORA I R, VEE A T RS0
TEAmZERTIRAAG VARSI, Fi5 HAEA SR Y
P 7R, 1 A S B0 22 0 4 I 1 R e AR /S, 8
T MATLAB 1 ELAN B e 57 R SE 0 A T RAIE, 22 IR 5556
HIZERNRZEIIZE0.5 mmBLT.

ARICEAG P RE AR5 6] N A7 AE BRRS 1 DL T 18 e
IR A AR 1) A, T 3K A 2 AR 6 R 38 3] 1) ) R, A
HORZ I B A RN ZS. F— BT IA
LR AT B R AR 5T, FRR I 3 T CRLE
BT = S B 5 L AT AT I S 525, A AR B A S
BHEE.
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