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Optical Design of MRI Radiofrequency Head Coil for DBS Robotic

Assisted Surgery System
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(1. School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai 200030, China;
2. Insititute of Medical Robotics, Shanghai Jiao Tong University, Shanghai 200030, China)

[ Abstract] Based on the needs of a DBS Robotic Surgery System, a high openness eight-channels array
head coil is designed. The function circuit of this array coil is successfully integrated into a rectangular space of
3.76 cmx3.54 cm to save space after simplifying typical RF receive chain in the MRI system, which feasibility
is proved by imaging experiment. In order to meet the needs of the needle insertion space for the DBS surgical
robot, this paper optimize the current head receive coil. The eight-channels phased array coil with highly open
space on both top and front size is designed and simulated by HFSS. Its return losses of all coils reach -40dB,
and the adjacent channels are successfully decoupled. This coil has a good feasibility for the DBS robotic
surgery system with real-time MRI navigation.

[ Key words ] Magnetic Resonance Imaging (MRI); DBS Robotic Surgery System; Phased Array Coil;
Head Receive Coil; Open Space Design

PD ) 25 T B AR 26 6 B 565 — k2 L 2
N o BT PR, — PR IR B i O B . DBS

MRIFEAE BT TR A BRI e e e B
e T AR Fe A, FEME IR iz W SRy bl P 7 RS A6 5 T AR 8 1 4 2 3 e e B
PUZRH L G AR (Parkinson’s disease. el BIAMRIN, bl A K B HLEE A BT

illf3

1 3

Wk HIW: 2022-11-30

WA H . DR RR ZE R 2 “XMR 451 FF ARG A 7 (21DZ1100301)

EH R BRRE, T im . 2R, E-mail: sue.n.chen.6@sjtu.edu.cn

WIRMEH: REF B, BERRITN N ESEEAR S G, fR2 R4, E-mail: zhiyong.zhang@sjtu.edu.cn



*200- (HEPBE TR AR ) 2022 425 43 55 4 )] RETIIEREFRIE

FEBEE T AR MRI i 5 DBS FARHLA A
VTR ZE, il ad 7 F AR RESE MRI & o7 $8 ), bt
B B E T A R s A A A 1 5 Y R 6 1R 2

TR S AT WA AR AL, AR
FARG S

HEr, MRIZEWE S 3 ZAKH T = 28 2k
Pl . LRI (IRZIE ) | ik B S A RS
R 7 A R K IR TR TT RO B
ARHE, HE2EMILEREE, JCEE A DBS
FARYLEE AR AR I O AL E SR, B4, K
Mt BB T e AR, RinLE X —HALE
1980 4y Ackerman %5 '* $ iy MI%L S S 2L
11 2 Bl T LAE i 3 AR SR, BIe LA i
TR REMR I 4, (2, RHKBEMER S
B RO U LR ), LR S S L
JEEFHEME L, Roemer Rt 4 [F) 342 ) T AR ¥
g F AR 0, i A T L R AT A
HLED, TR R R 05 W LAY ] B BE X 3R X
BT AG . ) — R AL it 2B 45 A S
6] 52 5 5 51 ATEAT AR E AR T g s A%
(], SAsEH MRI AT RE .

SRS X = 2 A P E AT A S 4 i £
e, JRHEAT T RO A P I R S A, H 2
A Sk B 4 Pl 1Y) Sk TOUE o #00 2 F PA s 0, B
il T FARMLEE NS E RS S8R . AT AR
o MRI [ DBS FAR, K= Hag R A
M7 BRI MR I 4 B, W Martin 1 A
P EAR R 20 em FIFRTLE " TR TR
1%, Starr 1B\ SR U4 w2 b L0 AT R
%1%, Sillay %% JH W1 GE Flex £E 18 ) g7 R
R, AR L, BB A 2~4 1, i HEE
Gk A5 T RD A M L DR UE TR R . T HL, 3
A1 2 P [ 7 B R AE B, AR T 2 RS0 8 .
R B R AT 2 LR B, N s K TR
52 1) 3 5 B B A BN O AEA T T RS 2 T AR LA
NR Gl R 2 e 2 P

PRI, X6 1 6 A2 58 K 2 B Y7 AL A% A F 52 e
i) DBS FARMLE ARG, 5 ZX A Szl 2k
Bl AT AL, BHE— A HA 20 EE 2S [E] 1) £l
TE R A B S G P X e RO 0 L AR R SR
X AR PR Y ) e R e B AR L . RBE R, £
A 2 LA 2 7 A B T kK

X T AR, 3 i 17 fh 2 i 2k el i b 4%
DT RE BT B, TR PRIE 3 W £k el L % D) g o8
BPERRIEE T BT = SR D) R H B AR( 3.76
cmx3.54 cm ) o K HGE T — A 2x4 [ K
A 4 B 571) 4 VL I A i, DA T I R B 1R T
B, BT Roemer 85X i<k B IR 5 2240 &
T AW SR, W R AR R Tl
LBIEAR S5 & o FIH HESS (Ansoft 28
FHE A — R S e R B ) RO B4R
F|—A 2 1F DBS FARHLAF A SEEF 1 55 T 502k i A
5 W5 Sk BB H 2R B i e M R P I ) O 8 T AR
ek, AT LIRS PR NG Sk Rk
2 SLERETSRIEIN S B B AR S U R AN
2.1 e EE S ER

— AR Iy R E I ) HE IR R B AR T HUR
A KB YR SR AR, PR SRR
FLAT H BH 5 R SR B A [, P R LR A S R
RENRMES . HAh, UL A MRI RELHT, 7
B A M P B ORAR SR ES
PR S B A4 e, ikt MRI RGN
A5 PR 2 WSO 5, T B AR R ) 45 35 e 2 P e

R, ThReH i 2/ 0% 2 & = WD Re R,
B—, TR B AR R SR S R
TR, A0 2 B [l Jo A8 AR DK S R L K O 4 2k
£ R A1 R 9 2 B R TS ) A i ok
WAESER, WAL, B, WEE
2P 5 S5 AR M 7 R 2 RIS DG e 4%,
FTRMEBLPCVCHD , M85 5 RORFE 7 48
=, WE A TR, EWCR IR SC WL, i
FLTCVE B P B0 Ha {545, N AE 2 Wil 4 BB Ak T
T TR 20

Zfaifk, BT Y ) R R I 0 7 DT C F 2R AR |
VR L AL ORI R A [ B L (a) ] .
WITIE, % B = U & A ) MRI & F JC g H
RRAE A FRE . 2 1B 3 115 5 Se br i & i 2
1] JE] ] Py 1A% e S 1) T R T S BN B 25 )L S
6 3 s G 6 L A VR RS B DC C (9 5% S 0 R O
BRER R 07 o 76 S LAl % IR B R M 5 2 2k,
SR FH B BIE 28 2 38 o] % % 31, e 98 % S0 1) B i AR 2k
P T I A0 23 O S 0 B A o AR SR Il g b, 4
HET OB R



(HEPBE TR AR ) 2022 425 43 55 4 )] RETIIEREFRIE 201~
R
i ) ) —
(o] 1 (o Output
c1 CF

SEmaRRs | |

o} & & S

(a) Helic2k B D s s i = AR (5 2R P A5 BB )

c (o
-[ CM1 - CM2
PIN_diode

C Pin_Dio
ca

I
7

| L

L

C
Cc3

~L

T

(b) T AEHLHE S FRIE (R 5 LR P A AP BT )

Hrp, CT1, CT2, C1~C4 JiifH7y, CM1 5 CM2 JILECHLZS, L 5 C3. C4 % Pin_Dio 4HUJKi I, CF 5 LF $UATHR LS FscHE

1 REEEERR S R E

Fig.1  Receiving coil function module and circuit
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Fig.2  Highly integrated function circuit of receive coil
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Fig.3  Simulation result of the relationship between coil size and decoupling distance in different shapes in HFSS
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Fig.4 The matching diagram of the high openness eight-channels array

head coil and the needle insertion device of the DBS surgical robot
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Fig.5  Shape design of the high openness eight-channels array head coil
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Tab.1 Shape parameters of each coil in the high openness

Eight-channels array head coil
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Tab. 2 Decoupling parameters of the high openness eight-

channels array head coil

i) K JE /mm
d1 193.27
a2 115.22
d3 50.11
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Fig.6  Relative position map of the high openness eight-channels array head coil
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Fig.7 Unload Q value and load Q value of single receive coil

AE FRL I 114 22 3 0 2R P T S i A DR AR 1 A 4
X[ — A7 3Z iR B IR AR . TR R N1 =
SRR B I B N NS R (S S v A
18 RN i BB AV 8 — S K/ XA 5 X
TR R 5 M Ll 18 5 i B R R 3 5 4y
WhR L E R IE RS, LIRS (b) R
PEAT A, IRZRPB A% A 5 Mt o 8.4126, [ il
LB B R E MLl 63.4153, X — 7Tl
Wi T IIfE i IS 7E RGLEE G TP nT ATk, S —
] HE— 2 E BT T S R G A R 2k T T T AR
DBS FAMA ARG IITHF K

Body coil Coil with our function

circuit+spine coil

fEEs
(15/30, tra)

C

(a) X MCAR DI PRI ER DEAT AR, T 48 T o Ak i

S

B
A
(12/30. cor)

(b) b AR 95 PR R AT IR, BT G T Ay SR AR T

El8 RFIITHLESERERIIERENLERBE G

Fig.8 Comparison of abdominal images of body coil and coils with

integrated functional circuit board using the same sequence
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