§540 % 457 1] O I G- S Vol. 40 No. 7

201947 A Chinese Journal of Scientific Instrument Jul. 2019

DOI: 10. 19650/j.cnki.cjsi.J1904657

ETHEuRESE=EGN
NANBAZFRSMATELLEHR

LN SN &1 &
(P ZRIEBE TR B REHLMRBT AT IRZREE 150080)

B B ARSI RN AT ARB I AR R LSS S TR B S R A B o R R R E i R A S
7 RS BRI A ABL RS AR 28R AL 55 o P MG T8 Jm o 4 1) 02 2, WLk A (8 AR 00 1 X 2 AR B A S e
PEATERER o DA FH AL, P T — Rl TR R I 2 U ER 22 M T I 0 BRER IR 25 R AT AMEE 5 SR N LA 3 X
HEAE BRI TR E , I A Bt 58 T A 15 R 2 (R A FE o, 1k T4 Hh T R DL A B A O E A, S B T vl s (02 2Bl 5
PG & jﬂuEE?%cﬁ/iE’]ﬁx&f’#ﬂlT Vi, X B R S8 5 G E L R GRS S AT TSR s R Al TR

BB A /\HL%%/\? PEAT T 227 f T A0 ) 20 E L S o SRR SRR W] AR T e AR LA AR Bk A &
BT ARSI RTHR T, %%mﬁ/%XT1&1$ﬁ$UEU¥W*§§Vﬁ1 14 mm, P2 HERG R 1. 62 mm, BEAE I L 5T 5 IR A TR
I ROKG JEE 23K

KR HREEN S MG 0 S0 5 RTSU IR ABLERA
hE 4 2S: TP242.3 XERARIRAD: A E KirEFR DK 460. 40

Puncture navigation method and experiment study of interventional
robot based on electromagnetic tracking and ultrasound image

Bi Jintao, Zhang Yongde, Sun Botao
(Intelligent Machine Institute, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: In the application of ultrasound-guided minimally invasive interventional surgery, it is difficult to track the surgical needle in
real time and accurately only using ultrasound images. In this paper, the electromagnetic positioning system combined with ultrasound
image is used to realize the task of puncture navigation for minimally invasive interventional robot. The ultrasound image is used to
determine the position of the local suspicious lesion area, while the electromagnetic positioning system is used to perform the real time
positioning and tracking of the surgical needle. In order to combine them organically, an error compensation method based on Bernstein
polynomial is proposed to compensate the tracking error. The N-line model method is used to calibrate the ultrasound image. On this
basis, the registration of the surgical needle and the image space is completed, the concept of virtual needle insertion path is proposed,
and then the fusion of electromagnetic positioning data and image data is realized. In order to verify the effectiveness and feasibility of the
proposed method, the experimental study on the combination of ultrasonic system and electromagnetic positioning system was carried out.
A prostate minimally invasive interventional robot platform was built, and the targeted puncture positioning experiments were carried out
from various angles. The experiment results show that under the premise of using nylon as robot body material and titanium alloy surgical
needle, using this method, the average precision of prosthesis puncture is 1. 14 mm and the average accuracy is 1. 62 mm, which can
meet the clinical accuracy requirement of prostate interventional surgery.
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Fig.1  Overall scheme of the navigation system
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Fig.2 System space transform relation
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Table 1 Measurement error statistics of the tracking

system in different environment

{7 B2/ mm 5 1611222 (deg.)

LR 8 - —
W bREZE BT MR bRE% HOTR

AR 0.661 0.533 0.877 0.176  0.236  0.035

A 2136 2.069 3.136 1.573 1.516  2.145
JEECE 7.997  6.269 9.487 1.534 1.502 2.163
TEREN 3.621  3.087  4.671  1.516  1.357 2.043
TARKET 8654

10.132  13.112  2.254 3.442  4.160

FLrbRiy 3 4752 NDI 2> w) 7= b i A rh S A A 32
B, A SRl o T BAR R O, — S BT IR S
FEE RO S PIAT 20T R G TAE S (] AR R
PRI B AN AW B (READLER 2 TR N A A AR B B Y
L) FTE B AT ARG A iR 22 506 . ik
LA LLBIR A 2, L 3 R G A A [R] 9 3158 rh A
ERMBUREIRAS M A RA —E 2. X BRI —E
75 LR R R 22 AT M

DRHARSCHR T —Fif e T JE A7 3 2 0 A 1R 22 b
BT I HAR BT SR b, T X BRI DR 22 E AT
FME o T 3R A BT 22 35X i 3 1 e A
FTERRE, NTTDRE R GE ) A2 R 22 #om ok, JF il B sk 2
T AT B RO SE R AR R 22 A A R . R R 2
T — e L -

Pi(x) = (1-2)" (4)
Hep A RE0N
m!
™ <<
do={jt (m-p1° p=m

0 FiAt
FHIA 37 30 22 00X DL — 48 i JE 20 15 25 A

Krp: E(x) & bR 22 o H—160 ~ 1 Z[H],a, E 21
X j Br 20 R AP (o) 2 m By 2300 j B 5
AT,
MIATIE B 23, B m=2 I iR ZE0FRR N
E(x)=a, (1 —x)> +2a,(1 —x)x + a,x° (6)
T WG RT LA B, ORI I R DT 2 m+
UANE o TR BE, FATar DURE ) R e 3 — 4E 5 E
BT e
E(x,y) =Y > a,;Pl(x)P](y) (7)

i=0 j=0

M m=18F, A (4)AI15:
E(x,y)=Y Y a, Pi(x)P/(y)=

ao,o(l -x) (1 —y) +a0,1(1 —x)y +a1,0(1 —y)x +a, xy
(8)

ATLM#ER : E(0,0) =a,,,E(0,1) =a,,,

E(1,0) :a],O’E(1,1> =ap,
XFR(T) 0] IR B — A — I, By 28 i (m+
)" A R E e 9 Z IR, Horp m Oy IR B
Hoon HiRZE A S RIYERE . XIS T IR B
B/ FB XS T eI, AT A LRI & —
HIRZEAN

E(x,y)= E(0,0)(1-x) (1 -v) +E(0,1)(1 —x)y +
E(1,0) (1 =y)x + E(1,1)xy (9)
TR (7) 5 R AR R 2

#(x,y)0

g : 0O

0

. O
g : g
0 : 0O,

P (x) Py (y)
§ :

PL(x)P(y)O

OomoOoO

J.(m+1)?

Ig O O&

(10)

o
o o

mom = (ne1)2 1

e — 25 0] LUK [e) B 4k R R n 4ERISIE
EACTIE S
O

0

H
0

P (x) Py (x,)
|:| .

O O O

751

P(x,)-P(x,)

O O
OomoOooOoOo

Ji(m+1)"



57 HeEYE SF LT AR LR S S R A AP NS B S R M SRR T 257
0,0 [
OO (11) .
% % 2 IE

(m+1)",1

(ELIR IV 5 3 A A 3 A B AT SRR X T
i, 50(12) PP A XY R BNE S 65 d IR
L, R EE A 4E 2 d

|:ﬁ‘l(x]’ : ) E (x]’ “’xn)D

[l : 0 =

0 0

O 0,
P (x,) =Py (x,) PiZ(xl) Pr(x,) 0
0 . 0
0 [l
0 0, o1y
|:|a(]) 0 “g o
o o - O

(12)

B, ., B
L&, @y, ... ol

m (1) d

2 (12) AT LAEH] m By 2 3Ok X d iR
P2 ) AT (R, B AR A A m SRS (6] AT
X E LR GEP Y 6 H I (d=6) ML AR iR 22

AT FRAL I, 2N(13) SR e == [m) Xt 6 A28t
ATHEE R T 2 .

E. E, E. E, E, E.Q0

a. . : : 0 _

E e j j E

e, £ E LE, E ERszvﬁ
(Po(x ) Pe(y )Py (z) - Po(x)P(y)P(2)0
O . . O
OJ ’ ’ O *
HPS(%)PS(%)PSI(%) Pr(x, )Py ) P(z) H
U : : D,‘,(ml)‘
DL (l},ww azh 0,0 a[{%_“_“ aR}n 0,0 alﬁ(“m D
0. ) . ) . . 0

: : : : : (13)

g g
Bl av a aRx o aRr " aRz D( +1)°.6

R 6 (m 1) A FH ESTE (b 1) A4
MR AR o 38 R0 R A T L 1) 531 g
N 6 A BN I, R A = (m 1) A
QEEE2UENGEEITES 8
4 FAREGRTEEAERE B HE

EHEATRTDIR SE R A FAGE B, 7 AT AR
ST AR A I 1] R A (2 A B LRk
I PG AE A Ae bR T v A0 3 BT R ST
4 ABRZS I B X R o Hoeh, FARE R  b53 0%
HEAT 6 [ P P A A SR £ 3 3o O A
A R AR B BRI i 7 T AR A TR B2 T 4R
S [P | e (0 ) B I AR RS G R

FAREZRT

K3 RGAbRzsale AR

Fig.3 Relationship of system coordinate space

Tk AR AR R AL 4 BRE, T LAAS B R T Y — AR AR
?ﬁ?@%/\f e R pE s B iy — A1 "0 AEH B
FAREFALBRAS ] T 724 il AR

Q My, - Q (14)
Horfr, My F- ¥ 2 bR 25 W E EPE’J BB AR PR A
() § T 724 i B, 5 9 2R AT Ll o F e o7 T R
P PR A

WSR2 PPy 0 " Q AR B A 1] L E | op
i "Q AT (15) FR -

‘=M, -"Q (15)

o, My, 238 P L3 B BAZ R A, 334722 ]
DA 3o 00 i 75 RSk 1 i R i B PR A

B A ) 1 P R Q AR R SR A [R] { P iy
MO TR N

Q=M -0 (16)
TEP M., AVEGRAS ] T BIRG2S 0] | P A2 A 1

S FRATTHE TR P RSk bR 2of A8 oK LR A AR R o

I (16) R AL (15) r, A L4528 75 EIR 25 1)
[T} P ' e REZS ) L B i Asds B0, HARH G &
e

‘0=M,,-"Q=M, .M, -'Q (17)

AL — R A AR AR S (ARG HE, SR AT DS B R
s o] S5 AR EG 2 B B DU E o6 22, B S8 7688 75 |
BRMFARE G —AE— DR E T o IRl DR IST
AT AR T MG i Jr BB AR XA 7 A S, B S
T L O A 5 USRI AR R A 0 Y o SR X
KRB T AFARBARFT AR RK], LB 52 mf
S T AR AR T, AN, S T IRl 4
7~ BT ARSI GO TH 2 18] B 352 06 R I 4l b mp
DA SRS AT B AR, IFRe AT 00 S PR 1 BT B AR 1505 2 3



258 %/ L £ ¥ R

F40E

AITAE RS S 1, SRR A R A A A B A ol
T SE W S A B L AR bR B R DL A S A R
AR I R IS i BT AL S B i B B AR R AR
LRI F AR SE (MR EARE I TR, HEET A
KL ) BRI F AR , X RIS 5 R A Sz T LAAY
s A2 (A MR A 1) o SR M 2% S A O B A M S i 3
TR k. AESER R AR R, Al LS R 2
BT AN PR £ 2 18] B RE AU RS B A%, AT v, — HL
S REAT AR SRR B A i 22 K, DL TR P i
PRANTT B TAH G, SRl B A s AT AR BE A 2
— 1) S B RE T K e e A T B AR

K4 gy LR A

Fig.4 Establishment of virtual needle insertion path

5 L 5ER

51 RIITBFRRESSMASHESH

TEARSCH) ST v A7 TR B 30 K BE A i
PR AR 3 A BRI S B 7R IE 3 TARIRES T R 2
X SR GURIRS B B TAEPEREA FIrsni

o e P 2R 0 HEL I A7 3 LAY SR, HEAT AR
TR R SRS W RS, IR RO T
Tl 1 R SR T AR 25 [8] N, A P 43Sk B I i e 8 A4
Ifi 5 FOBR IR o R R GE R AR AOERET 23 01 i I
RARIX 8 BRI L B AT A5 8, 0 B A5 S AL b
(X,Y,2) 3R, Jr g BT Q,, 0., Q,, Q. Fix.
ARSI T FIREE O S F iy RN £ B, B A DU e R Y
Q. WG 00 M AR IR HEAT 2 U & T F O K {H
KA SW RS, FHHR SR E L R 5L, AR
BIPRE BORR AR Ll 8 MR IR B L B AT {5 B A
JE PR U b 25 SR 0T A 6 R G A rh AR AT, Tevh
B EAG 8 AR PR B AL E AR S 7 ) DU TCEL ., Sl
T RGBTl A P R U B A R T T
PO, b T 7 L 45 SRR BT R 22 K TT R, ik 2
NS

xR2 BERGIBEEMEENZIL
Table 2 Influence of ultrasound system on

electromagnetic positioning data

. {7 {5 B/ mm F s A
PRk
X Y Z o, Q. 0,
1 0.003 0.0l 0.006 0.00006 0.00003 0.000 11
2 0.006 0.007 —0.001 0.00020 0.00008 0.000 03

3 0.002  0.030 0.035 0.00006 -0.00012 —0.000 07

4 0.020 -0.007 0.048 0.00002 0.00005 -0.00004

5 0.013 0.03 -0.004 -0.00005 -0.00007 0.000 30

6 -0.017 0.025 -0.006 0.0006 -0.00003 0.000 01
7 0. 008 0.004 -0.016 0.00006 -0.00004 0.0002
8 0.004 -0.010 0.0  —0.000 05 0.0 0.000 19
FIrR
e 0.0111 0.0186 0.0220 0.00023 0.00006 0.000 15
RAE

AR 8 ANAR IS R 25 5 v B R
GEXTHLREE L RGN T LT o] LA Z WS AT, PRk
FEL R GEA B 1) 57 T R IR ) R R 1A R S )
0.3 mm F10.2°, TiZH 8 AN fiiRE, TR BN Bk
M SE R R 22 WA o T A/ NGRS 2 DA R . IR
FATAT LIy, BB P 28 G0 0 o 0 502 37 2R G 1 T AR B %

SEMA) AL R T AR SO vk v OBE PR FR G R FL R E A R
S EES R SO
5.2 BIFIBENAFARNBASMIE

D) Wi - AF ARG N L&

TR A F-ARALER A L5 6 0] 3 1 b 2 00
JZ a2 R JZ AT 2 3 A2, i s
o B LIRS — BB MERR B 1AL
b SR AR GBS AL E O s R IR A
IR T TRME ; 8 T RS 5 A R A e o, I
WA BN FAREF 5 UG A JR s 28 P AR O R

P A AR AR G RS OG 3R B R 28 30 A 1 3 2 3%, I
AL ARG Ak R M IE sh i ilAE 2 . B sl
ALHG EALHLEE TR AL N4 A6 B i 4 i 46 A
RO AT SR AN 6 Frn . Rz siiEGlAE IR AR
U8 AR 55 AR, T ST AR HE UK A i 48 2 5
BORTAIL % AN ZEETHLAG 9 B4 i, AT S5 B0HE TR 41
iff I A5

PEEFHL RS TY Ai JRy RS SR A 1 R T 51)
BRA AT ARG TFBOESR M0 E 19" 5340, 700 L i
N ARG TAEM B, — D EEE AR B ) B, 78
ARG TAEZ A SR S TR R G IR T, JUH
BB G TR M ) ) 23 T R TR PR R G T R R
FEo Rl AARRA R SR G, R T



57 1]

BRI A BT AR BR SR A R A ARLES SR ST i S SR A 259

ABLAE
b7 els

g0
AR

K5 RS AF ARG -5

Fig.5 The experimental platform for prostate

HE B

interventional surgical robot

Pelge  HER B TR

K6 Hlas AFiilf
Fig.6  The robot control box

JESe VAP NA A VR R RE, RS it F T X e
T E R MR/ NEIBR 5 B R R

2) S AR

ARTCHY A I ST b 3 A -S 070 J7 125 S5 ek R B
BB SR ST R SR T A . R A
BIERY B bR FESEER AR, PR S R SR A
A, SRS T AR B B 24 L AT ), DU RO
KRR R AL o O T SRR T ik Y T AT A
TR AR S0 MRS % R o B A o A S 5 5
ko A B RAR XN IE AL Z IS P T A A R ) — B
JEE 5 WERR R R AR SR A RS BB (A AR ZE RN

XoF T 2R GOR L (5L, R SR R B Uk S 3 s e
2emdi e B ARUT .

T _—
n_lglmw
s p, M IR ET R RIIR L 5 p o n IRBEET
RPN A BT W 35 2 TR O B

SD =

(18)

Xt T A R PR 9, 4 ek P S B AR B Ik A T
FIAREL s B 2 (A A 3 T AR R 2okl i . R

2 ::1 I PobeiPirui | ’
RMSE = (19)
n

s po. s WA RS RSE PR BRI R, p,
UHEEF I HAREE SR

A (18) AR — 2040 3 B 1 B WO R, I ROR
FGENRT R, 3 (19) F R A ek LI A 7] L {F 22 A] 1)
25,20 (18) R (19) A5 X5 M58 H AR, H 21t
EROR NV

FESEBR I RIS AR 2 ) T R G AR v e PR A
FLUFE A A ERRIEE D720, BRI AR YR S 5 2 BEX LD
AR B S T s A TRICR 43 B R4 T IRIE

PSRRI R A A2 e B — A 3 2 A
RO M 15 M A bR B R (- 74.316, 183,121,
-106.721) , EAMERAS EAH R AR N 100 mm, £ F
A&7 B IR 2 (-74. 121, -37.020, -106. 610) 4t
I AR R T 2R GRS BRI A 2 ) P AR O 1 DG 3R
Bl AT FARE I B R Bt . ST RER R E
TR S B R S 2R G A 9 ST SR 1 7 A bR
(-74.616,83.422,-106.326) , [a]34, 243 5% FH 4 Fh
ANTR] £ BE SR X B A 2R AT 28 0 S 0%, ELORER A 25 B A0 I
SRR B4 LA 0° 50 10° AN 15° X i A St 1 4
AR X T A B A T S e e ST B AL A AR 4
IR SE PR R B8R . B A AT B30 3 430 iR 4 7
SIRERHH LB, KRG 4 ALREEER S HCARK
(18) , HF I M T R %

Xt T R GEAER B 0 S UE L FE AR 2 by SO E Y
SEHSF1 L R 4 BN A R XA A T 2R A S, RO
SILL0°.5° 10°FN 15X s AR S it - 45 , 41> # BE 3
HORTRIRIE A B 5 A 5 A A =307 4 X
Bl W7 BN A RHEARSEE A £ R Y SO0
= H AR AARbR I A B A . A3l AN TR A
FE 5 AN S L BREF R BA AL B ARAK(19) T+t
BEWIE

(a) 5°ik4tH

(a) 5" insertion

BT XA S AS () A R BT S g6 P — 24
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Table 3 Precisions of needle insertion at different angles
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Fig.9 Accuracy errors of needle insertion at different angles
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Table 4 Accuracies of needle insertion at different angles
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