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Development of Master-slave System for Robot-assisted

Abstract: In this paper, we introduce a robot-assisted medical diagnostic system that enables remote
ultrasound (US) imaging to be applied to the conventional telemedicine, which has been possible only
with interviewing or a visual exam. In particular, a master-slave robot system is developed that
ultrasonic diagnosis specialist can control the position and orientation of US probe in the remote place.
The slave robot is designed to be compact, lightweight, and hand-held so that it can easily transfer to
the remote healthcare center. Moreover, 6-degree-of-freedom (DOF) probe motion is possible by the
robot design based on Stewart platform. The master device is also based on a similar structure of the
slave robot. To connect master and slave system in the wide area network (WAN) environment, a
hardware CODEC was developed. In this paper, we introduce the detail of each component and the
results of the recent experiments conducted in the remote sites by the developed robotic ultrasound

imaging system.

Keuwords: Medical Robot, Ultrasound, Robot-assisted Ultrasound
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[Fig. 1] System configuration for robot-assisted tele-echography
system
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[Fig. 3] Kinematic structure of the slave robot



2R Y 94 255 PGS AT viAE-EH o] B AIAH | AL 397

UrE‘ﬂH%iE}. Hp2<E] A 2Bl 0 2 RE ALy
o] 9 ]9]. HFEE A B 2 A X710 2 bk )7 9
E S9Ee 6/ll 7571 HAm) 7= A
-‘?—Zﬂf"— oH7j oHO]:‘O‘]—T;]— O] = ‘A(’H [6 ] _}]\_7H
WOJE EHE9] 7|78 AL S E-8-sieith

HE2 =0
=, iR A qke] Z4=Rl 6,5,

aly; j ¢ ( Ly, )
———————— |—arctan : 1
(Lﬁi—&-L;i) Ly O

PN ot
i
u J ,J

:O,L_"

fon dlo

>y *Lf
L

ol
o> 19 1>

1>~ [
:1m
vi

6’

i, oxl
)
2 = rr

o

3
=

0, = arcsin(

S w AR TFs A (DA Ly, Ly, Ly =
Ly;=2r (pz,i, —=q.;) )
Ly, =2r[sin(y;) (p“ - qx,i) —cos(p;) (p;l/.i - qUL)] 3)

Ly, = h? — 1P +0? 4

3} o] 4] ek,

21(2), 3) oAl g, += R H.0] 9 %] Bl WFERS upek 0 5 A
z|lge] Zh B A9 910]aL, p,= s a9 de] Ak
WE] o] x| o]r), AT npaE X ZRE Aguks ¥ 2 H o
AR B 3 AR ERy Z2F qEREC] 33 7ks AR

a1, 0] o] a4 Lejlo| . =S e A H T
23 "pAE] 25

g R3] 99 vhae g
7uko. = A7) stk @, &

glo] . 2=t 6] A% TE717h 488 T
Ak, vhoE gRolA FE]9] Age 45 1A}
F5 SALERN 75 S vhE o] 7 5 gl

= 31 P Qe o] TES 91a Solk vk )
3709 470 2 A28 ATk [Fig 419 2ok 67)e) 4 2]

[Fig. 4] 3D design and prototype of the master robot
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[Table 1] Specifications of the tele-echography CODEC

Data Item Specification
Bandwidth 384 Bytes/frame
Robot data Transfer speed |30 Hz
Jitter buffer size {3072 byte
Size 1024x768 pixels
Ultrasound Bandwidth 4028 Bytes/frame
Imaging Compression H.264
Transfer speed |30 Hz
Audio and Video Size HD Video and Audio
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(Daegeon to Daegu)

[Fig. 6] Liver phantom model for the experiments
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[Fig. 7] Experiment for robot-assisted tele-echography between
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[Table 2] Motion Tracking Errors

Position tracking error 1| Position tracking error 2
(mm, RMS) (%, <1Hz)
X 3.1 7.9
Y 2.9 6.2
4 1.6 2.3
Average 2.5 5.5
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