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Fig.1 The schematic diagram of the vascular intervention sur-

gical robot system
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Fig.2 The internal structure of hallow mechanism
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Fig.3 The structure of linear motion platform
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Fig.4 The salve manipulator
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Tab.l1 Operating indicators of surgery

BAR R B
R AEE w/(rads ) 0.95
RRMBHEE V/(ms 1) 0.562
e KA M/ (mN-m) 14
I Kb J) F/N 4.5
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Tab.2 The performance index of ultrasonic motor and

linear motor
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Fig.5 The master manipulator
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Tab.3 The comparison of multiple PID control methods
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Fig.6 The accuracy of the linear and rotary motion of the

guidewire manipulator
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Fig.7 The accuracy of the linear and rotary motion of the

catheter manipulator
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Fig.8 The linear tracking performance of the guidewire ma-

nipulator
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Fig.11 The linear tracking performance of the catheter ma-
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Fig.12 The rotary tracking performance of the catheter ma-
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ing error of the catheter manipulator
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Fig.14 The linear tracking performance of the cooperation of

catheter manipulator and guidewire manipulator



982 koW K5 2 W

A1 %

0.6

5z
0.5 FE
041
03r

{r# / mm

0.2
0.1

1 2 3 4 56 7 8 9 1
F15 S22 S UM H 4 s ol B R R 22 1A

Fig.15 The linear tracking error of the cooperation of cathe-

(=]

ter manipulator and guidewire manipulator

(9 32 A BR B A9 58 f2 1% 22 /0 F 0.5 mm.

M T AT R, 5 22 A P IR B35
SRR, B AT 22 a0 O B 1) £ B2t 2 AN AR ] e
PATER 16 v, i = A A2 Ry o NI 16+, 77 A
{14 5 K IS B A] /N F 300 ms, 5 22 5 8 T i B B
0 fie Kb 22 QNP 17 T , iR 22 (/N T2 0.2°

450 =
400
350 170 Eah —
~ 300 ’ P
I 250+ %60 168 168 p—-gi—-—-—*
= 200t =
& 1sof i --SEEF
= F@EF
100+ o Y-
O ¢ —-BENF
00 5 10 15 20 25 30 35 40 45
t/s

16 ez 548 O Il B 45 e % 02 sl 32 DA ER Bt L3t 14
Fig.16 The rotary tracking performance of the cooperation

of catheter manipulator and guidewire manipulator

0.30

A g

02or 8%
~ 020f
m 0.15F
& o.10}
0.05}

T2 3 4 5 6 9 10

BI17 22 A5 Db IR] 3R 15 e e i ) BB 5% 22 1K
Fig.17 The rotary tracking error of the cooperation of cathe-

ter manipulator and guidewire manipulator

M 34X WA, 2t GEA-ERE L
BAEWE, 2 A SR L, LK (8] 1 3 S B R
M, 2473 A R A R A K

SR 22 ] 8 2 Bl A 52 50 UK B 1 A P AR
e, IR ST AR S UK/ T R AR S P A TR g

ol e 5% T 22 A I IR, R AE SEBR A AR AR L X
YR R G RE AR L 4 R AR AR A 9 L 5 7 8 S 5t <
5 B MOE R TR L, A R T — 8
i RE I NP R R T S A S, I
HEE R By B [ AT R, 38 AT 5 B B LS AY LA S
fH A ) L 90 5 4 A O A 5 DL ) K ok FAT

St oEE .

5 ZERIiE

B IR T — o A A A A FE A RIPLES N R
G CERECHIAER R RS S BRI
WGz FERNPEIZ S 38 X T A L 2
Wi, AL TUENERED RS, Wil T £
Bl PID #2 ) B ik B A 5 1 0 R Ge 45 T A8OR B oy
1R A3 43 85 PID i 500k o JF X092 3R 50 0 KG  J
F= DN S B R] L 32 DR BE M A5 O T R AT T S 5 U
o, LA R BN, LA AN R G0 TFTE M R
Wi 10 JiE 5 F0 B 2z iy, R 22 400/ T 0.2°,
0.4 mm, f /NI BRI F 0.2°,0.4 mm, &
M B ] /N T 300 ms B 2 Fabrizio #2 Y
PRl

z % x #

[1] GUO J, GUO S X, SHAO L, et al. Design and
performance evaluation of a novel robotic catheter
system  for  vascular interventional  surgery[J].
Microsystem Technologies, 2016, 22(9):2167-2176.

[2] WEI P, HOU Z G, CHENG L, et al. An enhanced
dual-finger robotic hand for catheter manipulating in
vascular intervention: a preliminary study [C] /IEEE
International Conference on Information &. Automation.
Piscataway, NJ: IEEE Service Center, 2014, 21:
356-361.

[3] BXHE NAXTARSEN T NmMERKEIRID]. A
R : W R Tl 2%, 2010.

[4] LINET M S, KIM K P, MILLER D L, et al
Historical review of occupational exposures and cancer
risks in  medical radiation workers[J]. Radiation
Research,2010,174(6b) : 793-808.

[5] BEYAR R, GRUBERG L, DELEANU D, et al
Remote-control percutaneous coronary interventions:
concept, validation, and first-in-humans pilot clinical

trial [J]. Journal of the American College of

Cardiology, 2006, 47(2) : 296-300.



555 ) HOIEAE , 55 <328 ) v 2 7 A ALY I 5 A A TR BLE N R 5 983
[6] GRANADA J F, DELGADO J A, URIBEM P, et [14] WANG T M, ZHANG D P, DA L. Remote-

[7]

[8]

[9]

[11]

[12]

[13]

al. First-in-human evaluation of a novel robotic-assisted
coronary angioplasty system [J]. Jacc Cardiovascular
Interventions, 2011, 4(4) :460-465.

KHAN E M, FRUMKIN W, NG G A, et al. First
experience with a novel robotic remote catheter system:
Amigo ™ mapping trial [J]. Journal of Interventional
Cardiac Electrophysiology, 2013, 37(2):121-129.
RIGA C V, BICKNELL C D, HAMADY M S, et al.
Evaluation of robotic endovascular catheters for arch
vessel cannulation [J]. Journal of Vascular Surgery,
2011, 54(3):799-809.

RIGA C V, BICKNELL C D, ROLLS A, et al.
Robot-assisted  fenestrated endovascular aneurysm
repair (FEVAR) using the magellan system [J].
Journal of Vascular and Interventional Radiology:
JVIR, 2013, 24(2):191-196.

THAKUR Y, BAX J S, HOLDSWORTH D W, et
al. Design and performance evaluation of a remote
catheter navigation system. [J]. IEEE Transaction on
Biomed Engineering, 2009, 56(7):1901-1908.

GUO S X, PENG W, GUO 7J, et al. A novel master-
slave robotic catheter system for vascular interventional
surgery[ C]//1IEEE
Mechatronics & Automation. Piscataway, NJ: IEEE
Service Center, 2013, 23: 256-261.

GUO J, GUO S X, YU Y. Design and characteristics

International ~ Conference  on

evaluation of a novel teleoperated robotic catheterization
system with force feedback for vascular interventional
surgery [J]. Biomedical Microdevices, 2016, 18(5) :
76-92.

ZEPRER . BRRI A A AT ARG AR S A H 7
L5 IILT] A A, 2016, 42(5):696-705.
FENG Zhenqiu. Master-slave interactive control and im-
plementation for minimally invasive vascular interven-
tional Robots[J].Acta Automstica Sinica, 2016,42(5) :
696-705. (in Chinese)

[16]

[17]

controlled vascular interventional surgery robot [J].
International Journal of Medical Robotics Computer
Assisted Surgery Mrcas, 2010, 6(2):194-201.

SRIMATHVEERAVALLI G, KESAVADAS T, LI
X. Design and fabrication of a robotic mechanism for

remote steering and positioning of interventional devices

[J]. International Journal of Medical Robotics
Computer Assisted Surgery Mrcas, 2010, 6 (2) :
160-170.

A A R 5 R (ML b B B A A
2007:1-19.

AN AT PR P A R LG R BT (D
A MR AR R, 2016.

BT, INVEIR, R, AR R R T I AL
Z5 A ALY RG] IR il 512, 2015,
35(6):1012-1018.

NIU Zijjie, SUN Zhijun, WU lJintao, et al. Study of

the system efficiency of the traveling wave and hollow

] 78

type ultrasonic motor based on fourier transform [J].
Journal of Vibration, Measurement &. Diagnosis, 2015,
35(6):1012-1018. (in Chinese)

FABRLZIO M D, LEE B R, CHAN D Y, et al.
Effect of time delay on surgical performance during
telesurgical manipulation [J]. Journal of Endourology,
2000,14(2):133-138.

F—1EERE N IEME, B 199442 A
MW . AR Oy 1A AL H —
N

E-mail:nuaazhengjuju@163.com

BEEEGN AHER,H 197042 H
A AR . EEARR T oA ALEE A
KM —R Ak,

E-mail: meezjsun@nuaa.edu.cn



