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Abstract

This paper reports on a realtime OS based master-slave configuration robot control system for laparoscopic surgery robot which enables
telesurgery and overcomes shortcomings with conventional laparoscopic surgery. Surgery robot system requires control system that can
process large volume information such as medical image data and video signal from endoscope in real-time manner, as well as precisely
control the robot with high reliability. To meet the complex requirements, the use of high-level real-time OS (Operating System) in surgery
robot controller is a must, which is as common as in many of modern robot controllers that adopt real-time OS as a base system software on
which specific functional modules are implemened for more reliable and stable system. The control system consists of joint controllers, host
controllers, and user interface units. The robot features a compact slave robot with 5 DOF (Degree-Of-Freedom) expanding the workspace
of each tool and increasing the number of tools operating simultaneously. Each master, slave and GUI (Graphical User Interface) host runs
a dedicated RTOS (Real-time OS), RTLinux-Pro (FSMLabs Inc., U.S.A.) on which functional modules such as motion control,
communication, video signal integration and etc, are implemented, and all the hosts are in a gigabit Ethernet network for inter-host
communication. Each master and slave controller set has a dedicated CAN (Controller Area Network) channel for control and monitoring
signal communication with the joint controllers. Total 4 pairs of the master/slave manipulators as current are controlled by one host
controller. The system showed satisfactory performance in both position control precision and master-slave motion synchronization in both
bench test and animal experiment, and is now under further development for better safety and control fidelity for clinically applicable

prototype.
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Fig. 1, Basic configuration of the laparoscopic telesurgery robot system : a) master robot operated by surgeon and b) slave robot that does the operation on patient
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Fig. 4. Graphical User Interface(GU!) for laparoscopic image processing and
real-time monitoring

G e 7 AMA o] A G GG e FESIA FF o] & 7]uk
ZMAETE 715 FEEE 712 724, AAle 94
47} Watershed 7| & AH8-8t] 99E A5 E&st= 719
U5 A8l B Aot 537 94 98 Haie Zdd
¥ (RTV-24, Adlink Technology Inc., U.S.A.)9} Linux
kernel W} VideoForLinux 2to] B2]2] & AL&-3l5% 1, AA| A<l
a9 QE# o]~ Qt (Trolltech Co., U.S.A) 2to] 2]t
OpenGL-& AMS-3F31 Tt

al

te B [o

C.2% 24 Ao

Al B o] 7] 9} 28 Aol 7] 7ke] BERAA

ulAE/EH o] B A|0]7] 9} 7 28 Qre] ZQIE A|o)7] k9] &
Aol ZE v A w2 o] CANS AHE-8lth 4 349 dees}
3R AL B4 A 2E 53 1 Mbps7HA] A8 B4lo| 7158
™, 2542, Q74 59 A|7)A7 B el FRE o 1o
A4 d& Balo] 7besta, Hla Bile|lnz tge] #o)7) 7}
F8H 02 BN AHZE TH & 5 3lo] EAl2El] B 2
ek 2 Al 2Rl ME 289 7} Zultt 183 CAN F45
222 5la, RE/AEY Ao Aa7t A3 uBEHEE 7 & 3
400 #7292 dlolHE TR =E FA A ol B4 A
237 F7|2 400 Hzoll 812319, & 71<] CAN AdelA 570<]
2E2S I EE s, A UY E(bandwidth)2] /2 7
oksle Qlolz2 ARG Fx| o). Fukgk Aol & AairE Za ol

12 GUI?I MO 7|S &R
Table 2. Control function classification of GUI

Eo] AFE Q) AN e BHo ue] 2 1 kHz o3
2A AZ 3718 AHE3RH17], 500 Hz oA = 780] 7Fs3t
oi[18], Al Z2} A4 o] B4 AT Ao e 400 Hz A =7} &
72t g AL Y3l L 7EE Hul Fukre A0 AA]
51 9TH{19,20].

ZE 7} Z9] AJHA]7]

230 7} 28 LA E ZEE AN %0 B4 9 &3 u}
gt 289 a4 2 L AF ATV E A Atk 2R 4 59
2 Alo] 2 A28 Ao)7]ete] B 53& 3 4 &9 F Alo]
7)vke} A A BA)ol7] (EPOSTM, Maxon Motors Inc., Swiss)
£ AHg-8tgth 2E Aol A H A FF-& A AR Alo] F=
9 128 £ WY FEL YT ET Ao Fro| FHARTF
A 9] 9 &5 232 00 2 AF Ao] A E FE Fol
B A A Alo] nF ALt F AFAHE Aolrld v
E Aol 7ksatEE Hoj glow, Ao WAL A E-nE
(PID) Ao 4ot} JA)Alo] F2Zo] MEF F7]& 1 kHz, A
FAlo] 2z AEE F7)%= 10 kHz o[t} £ Al29E 439
multi-rate control ¥4]2] Fe| 2, ¥4 AZH F7]E 400 Hz ©]
W, 940l MEY F71+ 1 kHzE FEF AFEE YA Al
)7} 7Fs3ict.

PID #]°17]9] 7%

olaElo) A A e 3] FRE Selo]B 7 F Ao712 A
342, 2t 38 Alo]7|= PID Alo| & Aaled 2 % 2EE 75
a1z, Rele] dmr] E SAMGIA F= we 2E ) 94 3
BE ulgo 2 93] Ao} & $-3Y 3tk PID A[0}7]9] 7 o] 5 Al
£ Ziegler-Nichols 7|'8& 7|5to 2 ¥k A¥ & 53 AJPe
(trial and error) 4 02 7} 3 42 AA% % PG,

ofy

wlaE)- 8o B 5715 24 2 7 7] s

230] Ao} & AN E YA o2 A28 7178 P o]
Ro)s| 3, AN g slo] FolAe 23 52} HF) BE 9
Aol o] 97178 494 618 Fo] 24 o) ZE AN
£58 ek o] o Rolzo} gk, T2ht, & Al 2de] 3
$ vhaE/sToln 2ie] 728 N1 THH R 2 29 £50|
112 089 gH2 AAse /1249 2AE AN E 9]
7o i AR 4 AESSAGT B A2l E Seloln

Mty |5

2A FX 2% 5
It Xl EF Tl5
Menxt Fjof BX| I|5

IYQ = JhQ) DIAE| DHLEROIEIRt Lol S3OIE 2R 212 HE UAE M=/HFOL= JIs

FEXIL| XMl W T2 Ao S0IE 2R FTEE TA ATVAFI=
2373 FIHEE TEE SF0|2 2RO XME YOS T

& TT IS O S22 BRL MEXOF KO JXIVI= JiT

‘Clutch mode’ 1%

36 | J. Biomed. Eng. Res.



Seung Joon Song, Jun Woo Park, Jung Wook Shin, Yun Ho Kim, Duk Hee Lee, Yung Ho Jo, Jae Soon Choi, Kyung Sun

Actuation Test Result ~ Maister Position
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Fig, 5. Result of the position waveform of the actuation axis.
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Fig. 7. Result of the position waveform of the rotation axis.
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Fig. 9. Result of the position waveform of the yaw axis.
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