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Study on Direct Teaching Algorithm for Remote Center
Motion of Surgical Assistant Robot using Force/Torque Sensor

=1
Aw . Qg

Minhyo Kim!, Sangrok Jin"

Abstract: This study shows a control strategy that acquires both precision and manipulation sensitivity
of remote center motion with manual traction for a surgical assistant robot. Remote center motion is an
essential function of a laparoscopic surgical robot. The robot has to keep the position of the insertion
port in a three-dimensional space, and general laparoscopic surgery needs 4-DoF (degree-of-freedom)
motions such as pan, tilt, spin, and forward/backward. The proposed robot consists of a 6-axis
collaborative robot and a 2-DoF end-effector. A 6-axis collaborative robot performs the cone-shaped
trajectory with pan and tilt motion of an end-effector maintaining the position of remote center. An
end-effector deals with the remaining 2-DoF movement. The most intuitive way a surgeon manipulates
a robot is through direct teaching. Since the accuracy of maintaining the remote center position is
important, direct teaching is implemented based on position control in this study. A force/torque sensor
which is attached to between robot and end-effector estimates the surgeon’s intention and generates the
command of motion. The predefined remote center position and the pan and tilt angles generated from
direct teaching are input as a command for position control. The command generation algorithm
determines the direct teaching sensitivity. Required torque for direct teaching and accuracy of remote
center motion are analyzed by experiments of panning and tilting motion.
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[Fig. 3] Kinematic model of surgical assistant robot: (a) 6-joint
collaborative robot and 2-DoF end-effector, (b) remote center
motion, (c) length of linkage and distance of remote center
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[Fig. 4] Block diagram of remote center motion control

FaAs Yt oa

o]
R EX R R A S e
2

B Sl A o =SS [Fig 3(b)]<+
Z+o] Pan (Roll), Tilt (Pltch) Spin (Yaw) §]ﬂ 3 AR
(Forward/Backward) 2% 2-52] 4215 &5°] Fa3s}ch
ol 6 0] 33441 F709] 917

e AN 42T A 545 T Pan, Tilt 317508
& sl i 22 A S wen. dselHEr v

)

A 21 £5¢) Spina} AFK] 55 Aol
HE 0] A IE 58 E 2 0 7 Aof7} bsslng B =
TAAME E52EY] Pan, Tilt 94545 A2 AFE
AL FeR 2R RS TSR PE R ] 783 Zo]
o} Eko 2 5E AAFA A o] AR [Fig. 3(0)]9F 2 th

sMes0| MMWA| Hof By

of up2} =30l 231l /\15101 ?‘565} H%%Ol %fﬂ—t— *Vé

o) 6AH3E S/ AA 9] gk AN 002 WSl 5
Qe WAkSHA] WA= A=),

3.1 Y AIA ] 719 FAFAF Ao

S Alool 7]ukek AAFA ST Aol [Fig, 419} o] 4
AR, chabd el eikael 91x)Alo] ezl A
A1 91537 G B AR, WA gele 4454 9
219} A=o] )] A4S 62HHE it Ao} Gleto 7het
51, 947) 7848 = 913 Aofol N wE T 7} 21 vt
3ol Ql7ksle] 71 AE AT SO Fol Hmelshs T
oIk, 4717818 Fi= 4] Aok L 7173 PID Alejs

AAKRFAE o] 838l AAISIA Z} Alo] o]52 435 §F
AT, AolE( ] A i 1) = A
o] dhAsl 7kS HHw A Lare]FS ol Alkksie] dglsit)
3.2 2w W A dare]sF

Ak AHIA] Ao} we] S e A el

o &
ot} W A dug|=9] TEE]
ApAol] whet 23 A 7F 7] wiitoll 6 A= 3/ Al ol
A S TS 23] @ R A 7w w2 A (1)
3} 728 W 23 H(adjoint matrix) = ©]-8-3}o] -3 A5 s,
A2 ZHE 5 Pan, Tiltol] AFS-E X5 B39} v5 B 3+
=oto] 'R A Ferell 2RI Pan, Tilt 25 Sl WIA4
Zhrete] shd ko] 7120 4= 21 A8 218l Spinell
ek R 7] AAlelA WsteA] s A gt
Spin> -5 Al =o] HEfol| A wpz Alo) & = gl

[Fig. 5(a)|<} 2t} =59

Rps Is
: ()
pBSRBS Rus|l7s
7= Command generation algorithm -
Force & Torque E C |
' - ommand
i Coordinate |20 ¥ .
Current joint transform generation
angles function
Current ! Orientation
orientation ' command

_____________________________________________

i a Input torque
I [N-m]

(b)
[Fig. 5] Command generation algorithm: (a) block diagram, (b)
command generation function



3712 =3sls] =22 #1538 A43 (2020. 12)

f9% i 95} 21013, o}l 4 B 23 o] = HEA,
S AlA HFAE 5E5hH, Rys= Wl o] 2= 237 71 A4 2t
FAL A, p e o] 3t 7] Al A 913
HE 2 Tk 1)) 3 2 (skew-symmetric matrix) ©] T

uﬂeﬂ /kg/d ?51—/\‘— [Flg 5(b) g]_ 7lo] o]e:]%l-q 7(1—.94 tﬂ§].oﬂ
3ol UT wgshl whg ek e Hgoee] dq
(Dead band) & A4 3}aL, 1 glol] vl el & wsto] Wt
= AR 2 Eool ol S A WEe] MakA| s
HBHgke] Z17] Al A o] gk, A 718l o] &l Ao 9l
= @A =o] e o] ApAol] W Ekgk-S- Tlste] A3 uLAfel] ]
IS M 4o Ytk A0 mok
‘ﬁﬂ%)\'ol Aol HE 9] $-5 19

(Damplng system) 18 ‘“Oﬂ 7 ]‘?}3}01

>~I

o
=X
mlo
r°1'
w“

lo, T-
=y

oo

_QJ_‘
o 2 Moo
u&

%

N @ of fo rE oo rl

ixoﬁé T »15}. Hl s ?L%L 141% 23] 0
i

2E&EY /«1&@91 TELE §
A

o
e
tg 0
==

>
=

)
Q
K
v
o
£
i)
ol
=)
ﬂg
XL
X
2
k
>
é

_I

R AT

L% H
-

(0 o X
ol
ol
_0|L
N
9
o
N
£
, Md
2
z
>‘
Q

RICA=)

Agkea At Al e

N
0
N
ofy
>
Mo
Ofn
A
al
El
=
>
ofr
>
ol

off
fl
b
2
=
>
ol
\y

FelEtE e ql=oldH & gatstar
Al /35S [Fig. 6]} 2ol A3rt §
3] L E(SMT-DA-series, LSHI7}3]-2,
5718 23 G5 BE(MR-series,
o] &3te] 7433131 L, B Eell =

FRRE S 23t
o|gElel| 33} EE et

2y
>

e
Y

offt o
fUOY e
o) o
o>
4o
orfl
1o

>

%
nF
il

o
X

gh=el] sk =efol B
EellZ=Hml e =, g=)&
64T 3/ E = AIA(RFT80-6A01, ¢
SIATE WA HES FE AE =

[Fig. 6] Experiment of remote center motion with dlrect teaching

[Table 1] Parameter value of command generation function

Motion Parameters
Dead band a Slope & Bound b
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F/T sensor, (b) desired and actual orientation of end-effector, (c)

[Fig. 7] Experimental results in pan motion: (a) torque profile of
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