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Robust Adaptive Control of Autonomous Robot Systems with Dynamic
Friction Perturbation and Its Stability Analysis

=¢# H o A=
(Hyun Cheol Cho and Kwon Soon Lee)

Abstract : This paper presents a robust adaptive control method using model reference control strategy against autonomous robot
systems with random friction nature. We approximate a nonlinear robot system model by means of a feedback linearization
approach to derive nominal control law. We construct a Least Square (LS) based observer to estimate friction dynamics online
and then represent a perturbed system model with respect to approximation error between an actual friction and its estimation.
Model reference based control design is achieved to implement an auxiliary control in order for reducing control error in
practice due to system perturbation. Additionally, we conduct theoretical study to demonstrate stability of the perturbed system
model through Lyapunov theory. Numerical simulation is carried out for evaluating the proposed control methodology and
demonstrating its superiority by comparing it to a traditional nominal control method.

Keywords : autonomous robot, perturbation, random friction, robust adaptive control, stability analysis

L ME olsrie] AgAoALY EF B} SR, A2
g olERR AzEE AT A WA WA &= ot JTHHOR NOh BShn BIPE TR %
A RS Qe AR71ERA AT MR Be  oluld 2RAzHe) HeAlelr e BEsldthe)
B B Y T @ Hofolth. B3| BFE Tl JAAA AgolE ZE AANLWE ZE B
238 728 AU QBRI A oFRELS F 45 UL HIHE & F HINLY oEL H§3

Ae AEzl] o8 AgTAelA i EeF o= A
453 ot o3 2R AAEL Yl A FA9| F
PAAG A2E BFs) FH3= A AojvdE AU
lojof 3}, o]RAL HA AJFTAHY A= HFHAHS
AL dom oyt TR A W AlxEe] BEA
Ho= & Aol Qirh HE o7+ :‘a’i Alz=Hle] A
Alojol] e AT} HRAHI ov 3 HGARVE
27N= 3 ATt

Harter= 1313 A3 29 Aloj7]5 /st 2-&0)F
2EAN2EHS AZAZ P AFAAN AR eH[1],
Ohnishi$} Asakurats HZ|o|2& H L3l AvjERe] A&
A FYPELEEE A3 AAN RS P ATH BEA
o212 A|¢kFHTH2]. Parnichkun 52 &Elo]d TE A
o7IHE o)&g3ld 6AREE Ze +F BAF BERY HA
AlojAl g Akt FWES vy geje|ee] &
gaAd tigk AodsS AMAAZLH3], & &Y
vision A28l 7S 2R AHEAo o} AL A&
AH7E HEHATHA]. =7 nonholonomic TEAXE Ze

* 2 o} 4 R Corresponding Author)

F=EHS4 02008 9. 6. A ;2008 12, 8.

Z83 : Foligm 7] 7N hyunccho@gmail.com)

old< : Folhstn 7] F8 T kslee@dau.ackr)

¥ B =Ee 20088PAE Folstw gEdTrlel oty ATH
R

o A7 Ak A& AXZL Ut olEd A7
e Aol7] AA7Z vlwd 213t AARE A" T3
o} gojsiths EAo] Stk AN A= Qs HAE
= 2dyg eap} Axd R Q1% EFHA4S 17
3A] gromg AXZE AR FRAA &FH] K Ao
A7 AT 4 glo A= uiEsA ke Al
€ 2HT F ok

E3] A2®" 452 =] AAAANA dFE3tst of
B2 540y dutroR o|g EAAE uiAlg AoA
28l AAFAA o] o]Fo|X 1 ot SEA|FE ZEA|2ES A
dA|oje} 22 agAjoA 2 FH glo] o2 84F
nEdtedol ole &3 Ao s 71U 5 ok A
gtR oz AXE Hd5e g ZAh AYsiz Qs
HAEHE 298 AE ¢ Jon, npEgop) Hjiy
EAT 22 7178t mdaelA oAx] BE Al2E A
5 S5 MBEHAE 15 ¢ ok

E =Fg ZEEALEY npEgog g AXREETS
B3] g ARNF Ao Az"S Agkgich 94, &
o] W vl R 2EA~He] ndEEdS AF
gt FAAATEE AT Fo 2 AXF HER
do gty mEs H-gAo)7HE o] gste] REA
Alzels FAAsH, o] W AxEl e kY =g
AR vl g A2 wEH AN B AAH
A Edo] tidl Lyapunov ©]&-& 83t A 3|4




Journal of Institute of Control, Robotics and Systems Vol.

< AN k] A AlaEle) WeFERTE AA
ot AAsE Aol7E e BlAdE AFd] fstd HFE
Agdolde AAslden 45 e dASI] 4
st 71&] A vin R HESIUT

£ =79 4L e 20 1 ZedAe B =FeliA
OFE Agols 2RA2H 2l tidl MgsiH, 1
oA BlAdE AlRlRded gt HYPFE S, v
oA LS 7Igk w2y FAYRAES AT v Aol
A Az'l AEREE MEste, v gl 2drpe He
Aol FE3H, VI ZollA] AlxH A sixe 4
Alste, VI oA AFE Algdeldd) tig 23 2 4

g, vpA IX oA 28 2 % a7Age et

IL A8ols ERA|AH =

B =8 o Agels BEEL 19 13 22 4F
TE2e) A|xgloaA o) dFdo|E2A DC HF
717} videl Fato] Hojgleom Rl Ht|E mloja8
AEEH7} A2o] Hojglom A2y TR0 93t
AgHo g FEEZth O3 2= o] Az 7]FEHH
2y ojmigke] i3l HRE HoET 2R 1YL
27 HAY 9Y{0X, Y} & 7I1EoE 3o 2RO FAF
Ao vz {c,z,, .} 2 EHNIG WH X537 vV
Zo Uig 2R HA olFAYE 7.2 y. 28 B
3 olBAEE 0F o835l AT ZRA|2H F
E A2 Lagrange A4l HElE Fojxy o}&-3) ZTi7].

M@+ Vigd) +F@) = B@r—ATdr O

A71A g AlaE AEEE, = A" 489E, Jgn
A= ARlE WHE ZAZ Jelth =% oy 4
positive definite 725 ZH= Mg AlxHe #4& &
Hsh= FEoI, V(g q) T centripetal R coriolis HZ,
Flg)< ¥4 up#g EXE yxsty gleH, Blge ¢
P, A(g)e AdUHol uig FFL A7 vepih
Lagrange RH7HE o) 83le] 2R TA UAHAL &
A 4 glon, 2 ()X 2Re B TR 3
AHs 1HE A2 AR ASA HY LR
2 K& T3t o] FoixIt7].

IR 1 1.7 .
K= Z]l{—gmivf + 5w5”1,-w,}= 51 Mda @

g A @9 eFHEAel tEkd A (1)) Zzrel 9
g3} MEpASE Tew gol Aot

m 0 mdsiné
Mg) = 0 m —mdcos 0] ,
mdsinf —mdcos 6 I
) 00 mdfcost
Vm(q’q) =100 md0sm9 ) G(q): oa
00 0

, No. 1, January 2009 73
cosf cosb - —sind
B(¢) =—|sin8 sinf|, r= [ T}, AHq) =] cosh |,
"| R -R K ~d

A=— m(iccose + ycsine)é

71N me 2R AR UEpin, sio} HonRy 4
)e) A2E REe ule BEe vy WA ofol
e o5 Yok

HL HMY 2R A|AG] M MEst

2 (1)e) vy A" 2Ee Lagange HElS] 2
olmg =W Ayst JPYe g3l AorlE THE
F ok 4 (Dol T TR e FEHdA F
7,=0& T, AP BrE thg3 2ol ot

Br=Mu+ V+F+ AT\ 3

= 2 3)2 ol st AEEd

O3 1. Ao FEREAI2HAF,
Fig. 1. Appearance of an autonomous robot system.
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Fig. 2. A geometric model of an autonomous robot.
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