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Abstract

In this paper, we proposed a TDC based F/T sensorless active compliance control algorithm for a
rehabilitation robot (KARES II). The preference of compliance of the disabled is presented by clinical testing
at Korea National Rehabilitation Center with the disabled. The KARES II was designed to work 12 pre—
defined tasks which are very essential for helping the disabled. Among the tasks, some contact tasks between
the robot and the disabled exist. Therefore, TDC based F/T sensorless compliance control algorithm is
developed for these tasks without additional cost. We verified the proposed algorithm with experiment. Also
for the practical use, suitable compliance for contact tasks is chosen by clinical testing at Korea National
Rehabilitation Center.

gk AT o 100 9 ARE Fojd &
1. A2 AT Ag 2RE Aoz MLstd gon O

B Ao 1) AlolE AAUEE ol €& A
¥ 2 X KARES II (KAist Rehabilitation Engineering
System for the disabled Il o] 2-8-& 93l 7L
g A% d FHol e 55 BEHoAx
(compliance) A oJ7]& A3, 2) olE ol &
4 B7te B Dol BojdEol Hage H
Fetoldx wde AA g

Hao oA Foidsd &9 F #FEE 4
g 2R AJ2"d A A7t &2 FPE o]

P gaax, g9, 37129 ded Adzss
E-mail : shkang@mecha.kaist.ac.kr
TEL : (042)869-3266 FAX :(042)869-5226

3, aEAeried 71ASgH
L2
Rehabilitation Institute of Chicago

2y Eol4 $a8 Yol HE Chang® 409
MY 28 KARES IE Maiglcti? o] 2R
23X A3 AA(TOD-Target Oriented Design) ® 44
of we} & b st 12714 Y 29
AEgo|Ax AE BER sl o]F & £33}
EE A7, AFZHY

KARES I7F 2X2 33 e 12744 &Y &
ol 2RI Fojdaty FFo) 5 A 7
A7 €2 JA7N(E7) Fol AR olF A
9 Af, Folde ¢4 B ZHPGe 4B
F< YelMde HEdgd PBEeolda Aolst &
Far},

ol FE3EY YA KARES 112 Agoe
T 7HA Atgle]l o2 mEHolok Fo)

[e]
A AAE 12 BE BIdolds A)0)60d)



1824 BT -

A AR Qe g ANE AMEEA gotop &
g Aotk ol ¥ AME E3) AT BT
) 27+ 3 ANE A 2R JtHol BF
at3, 2) vjMo] Bl ngo] dojd FEo)
FolAln, 3) 2E B Fdde] F7iH] dst
A FE AFol M4 Aol Y7 HRo|th &MY
olFoA HL /1AL HodSo] AAE 2RE
ke oA M & %°H7‘r 21=3

T Afgze 22 Fdq dAstn Bst
A =71 AEgolds a?la J}ﬁ}ﬂ, ZAHE
Zt-& KARES IIo} 3-&38lojof gk zlolth <A
a3 HEA =7 FEHoldats AP HE,
AQ ¥ O 5 Jdoh A zAgie] weba
ol 5ol Hidte PEefold2s 4 AHEAE
& ooz zAskE ol aTdE

Mol g AA glol R FE P&
& e whged #EA 7E 2 7 47 A
ol gt} o] WM EL 9 e(disturbance)S FA
8t7] 91ste] @Z7|(observer)E AHEEHa, d#L
2 WAgE E3 @ 229 o FH(nverse
dynamics) 2 2%-E) @oj7 EF 39 Ao]E ol&
3t AEF Yo A7) Fooh 2y JEY B
E d7E 229 9 FAE FF3 Adds
AL aFstn oz, b AA HEAME o
F9go] g 23A4RFE DD-Am °}9 9] HE
AElE Zol B £t g AAE PUMAS60S:
Ze 6AFE 2RE 9 T 2 AH7 )

&2

[

$ Bass FRd0k @ bl WFd AFE o
S @ =% 2R3 npEy mde ol 29

g zA 7L oele] A

Zojite] HE AP WA =7e BE
gloleixe] @AaAE @A7R @77 o]FAAA
Agtth. o, Fojde Z 7% HHE R
= AN ol A BEJA2E F= 2i0]
o7t AR9) Buto] g Bolth®

A B QA7) AE 1) KARES N4 AHE-3}
2 JE AlE FF dAUEY ¥ F TEA
(back-drivability) % Z-& 71AZ FA093 2) Alzb
AL o}43 A|o] (TDC- Time-Delay Control) ™
oA BEAT vy S99 FH AEHE A
2+ Al Z=A(TDE- Time-Delay Estimation)& ©]-&
st TDCA 719 AF @ FHol /M5 TF
AZegoldx Ao 7 E AEdte AE REER

Lid

£ % golo} =2, A4 WS Fore) 4
AR FoRAE ] AHEE

3

T wye
Table 1 The 12 predefined tasks
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4 | Shaving
5 | Picking up objects
6 | Turning switches on/off
7 | Opening/closing doors
8 | Making tea
9 | Pulling a drawer
Far 10 | Playing games
11 | Changing CD/tapes
12 | Removing papers from printer/fax
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Table 2 Minimum back-drivable torque and velocity
reduction ratio’
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torque(Nm) reduction ratio
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04 13.4:1
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Fig. 2 Kinematic structure of KARES II
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Table 3 Estimated external torque

Axis Real value(Nm) Estimated value(Nm)

1 0 0.01
2 2.4 -2.45
3 -1.2 -1.2

Table 4 Realized compliance [deg/Nm]

Axis Desired value Experimental value
1 2.21 221
2 1.17 1.17
3 0.39 0.39
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Fig. 8 Compliance realization
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Table 5 Three levels of compliance [deg/Nm]

5 LR e 2 a4 3
1 1.232 2.053 4.107
2 0.782 1.303 2.610
3 0.131 0.218 0.436
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Table 6 Information for subjects

Subject ID| Sex | Age Lesion Residual motor ability Technical aids
level [ Head & Neck | Shoulder Arms
A M 33 Cc4 O A X None
B M 36 C5 O O X None
C M 35 C4 O A X None
Powered
D M 51 Cs O O O wheelchair
E M 21 C4 O A X None
Powered
¥ M| 36 O O A wheelchair
Safoty
H
! Campﬂ::cu Lovel :
(a) Safety

(b) Wlpmg and scratching task
Fig. 9 Clinical evaluation at NRC
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Fig. 10 Evaluation of shaving task by the subjects

e Aol wEs DANA Fu AR A
A9 9EL $HlN JL HE ol o v

A A R E0h

5. &

rh

B =RAAE AR 229 g QoA
Zatoldz Alol7t B Bage Als B
golglz AojE FAY] oiN, 22 713
golx 27) 93 W= W AN fol= A

oo o mE ok



1832 b A

[+]

= FRF 7 glojof gtk am dAHes 3
H°%°ﬂ A g0l 71 AsiMe Ad@ AE
old: A7l HA =g dagr

mebA wlgl god AYgEo] W EML v
FLE, AR AAE o8 Aojd JAE FE
g F3ol 7tsd 55 FEoIA2 A ¢
Fol ALHLG. o] dnPFL 4¥E TN
3 w840l AEHAD 221 Y AGLAA
A 2 dE F7] A dd 98 FE
Bot] Aoldgol Azt AEYoIALE Tt
Rk o] PF AP A AA FeldEY AE
€ I3¥Hs A Ta@ grE AH,
G0 AY 2RSS AT W F4F AP &
F A& Ao

(1) Service Robot Technical Development Team, 2000,
“Critical Technology 21, 1* phase report”.

(2) Chang, P. H, Park, H. S, Park, J ., Jung, J. H. and
Jeon, B. K., 2001, “Development of a Robotic Arm for
Handicapped People A Target-Oriented Design
Approach,” 7* International Conference on Rehabilitation
Robotics, Integration of Assistive Technology in the
Information Age, Vol. 9, pp. 84~92.

(3) Salisbury, J. K., 1980, “Active Stiffness Control of
Manipulator in Cartesian Coordinates,” Proc. 19"
IEEE Conf. On Decision and Contr.

(4) Whitney, D. E., 1977(June), “Force Feedback
Control of Manipulator Fine Motions” ASME J. Dyn.
Sys., Meas., Contr., pp. 91~97.

(5) Neville Hogan, 1985, “Impedance Control: An

approach to manipulation, Part [ IL 111", Trans of ASME,

J. Dyn. Sys., Meas., Contr, Vol. 107, pp. 1~24.

(6) Daniel E. Whiteney, 1987, “Historical Perspective
and State of the Art in Robot Force Control,” The
International Journal of Robotics Research, Vol. 6, No.
1, pp. 3~14.

{7) Kang, S. H., 2002, “Active Compliance Control for
the Rehabilitation Robot with Cable Transmission,”
Master Thesis, KAIST, Dept. of Mechanical
Engineering.

(8) Chang, P. H., Kang, S. H,, Park, H. S, Kim, S. T.
and Kim, J. H,, 2003, “Active Compliance Control for
the Rehabilitation Robot with Cable Transmission,” 8”
International Conference on Rehabilitation Robotics,
pp. 84~87.

38E -

1Ye

(9) Kiyoshi Ohisi, Masaru Miyazaki, Masahiro Fujita
and Yasumasa Ogino, 1991, “ H* Observer Based
Force Control Without Force Sensor,” in Proc. IEEE
IECON’ 91, pp. 1049~1054.

(10) Toshiyuki Murakami, Ryo Nakamura, Fangming Yu
and Kouhei Ohnishi, 1993, “Force Sensorless Impedance
Control By Disturbance Observer,” in Proc. IEEE
Power Conversion Conference '93, pp. 352~.357.

(11) Toshiyuki Murakami, Fangming Yu and Kouhei
Ohnishi, 1993, “Torque Sensorless Control in Multidegree-
of-Freedom Manipulator,” IEEE Transactions on Industrial
Electronics, Vol. 40, No. 2, pp. 259~265.

(12) Eom, K. S,, Suh, I. H,, Chung, W. K,, Oh, S. -R., 1998,
“Disturbance Observer Based Force Control of Robot
Manipulator without Force Sensor,” IEEE International
Conference on Robotics & Automation, pp. 3012~3017.

(13)Song, J. 1., Son, J. H., Kwon, D. S. and Kim, S. K.,
1998, “Control of a CNC Machining Center Using the
Indirect Measurement of the Cutting Force,” Journal
of the Korean Society of Precision Engineering, Vol.
15, No. 11, pp. 19~20.

(14)Brian Armstrong, Oussama Khatib and Joel Burdick,
1986, “The Explicit Dynamic Model and Inertial
Parameters of the PUMA 560 Arm,” IEEE Int.
Conference on Robotics and Automations, pp. 510~518.

(15)Michel A. Lemay, Neville Hogan, and J. W. Arian
van Dorsten, 1998, “Issues in Impedance Selection and
Input Device for Multijoint Powered Orthotics ,” IEEE
Transactions on Rehabilitation Engineering, Vol. 6, No.
1, pp. 102~105.

(16) William T. Townsend, 1988, “The Effect of
Transmission Design on Force-Controlled Manipulator
Performance,” Ph.D. Thesis, MIT.

(17) Youcef-Toumi, K. and Osamu Ito, 1990, “A Time
Delay Controller for Systems with Unknown
Dynamics,” Trans. of ASME, J Dyn. Sys., Meas.,
Contr, Vol. 112, No. 1, pp. 133~142.

(18 Hsia, T. C. and Gao, L. S, 1990, “Robot
Manipulator Control Using Decentralized Linear
Time-Invariant Time-Delayed Joint Controllers,” IEEE
Int. Conference on Robotics and Automations, pp.
2070~2075.

(199Kwon, O. S., 2001, “Stability Analysis of Time
Delay Control Systems,” M.S. Thesis, KAIST, Dept. of
Mechanical Engineering.

(20) http://www.barretttechnology.com/robot/products/ar
m/glossary.htm.

(21)Hiroaki Gomi, Mitsuo Kawato, 1997, “Human Arm
Stiffness and Equilibrium-Point Trajectory During
Multi-Joint Movement,” Biological Cybernetics, Vol.
76, pp. 163~171.

(22)Bien, Z., Chung, M. 1., Chang, P. H., Kwon, D. S,
Kim, D. J,, Han, J. S., Kim, J. H,, Kim, D. H., Park, H.
S., Kang, S. H.,, Lee, K. and Lim, S. C., 2004,
“Integration of a Rehabilitation Robotic System(KARES
1) with Human-Friendly Man-Machine Interaction
Units,” Autonomous Robots, Vol. 16, pp. 165~191.



