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The Design of Robust MRAC via Haar Functions

tJin-Tae Kim. tSooyoung Choi. tJoonhong Jung, ttHan-Seok Lee, TH¥Myung-Kyu Lee. *Doo-Soo Ahn
tSungKyunKwan University, ttBucheon College. t*Kyung Sung University

Abstract — This paper proposes a real-time application of
rationalized Haar transform which is based on the rationalized
Haar transform, operational matrix and rationalized Haar function’s
differential operation. In the existing method of orthogonal
functions, a major disadvantage is that process signals need to
be recorded prior to obtaining their expansions. This paper
proposes a novel method of rationalized Haar transform to
overcome this shortcoming. And the proposed method apply to
the robust MRAC systems.

1.4 £

2d A4S Aol 2dn da FAHE YEY
o] &%t AoJANEE FALc st JERY
FHE F39 A& 00 HA st HEAY
Aoz dwtxiog HIHd oste FPHc}(1-3].
Aejrlel selnie & FA4se HSFHL “]%%"‘34}9}
Helz B, olald n BN F F Z'.’}"’:r“i
A7)l setvle s 2AsHA Hoh 2 A fL°1]*1>‘ Ll

el A e FElat R RE S olgstd AT fﬂ
ole] e} ol W7 7Zhel dlelElERE Algsld HE G5
Astet F e BHE Agsis segFE ol §5td
dojg) AEY A7HE Helo ALY F A PHE A
orglth A AUES o] &t olHe Augsrt
7hA A ERE AARE Aol stgsteE @ siolH,
Robust MRAC(MRAC : Model Reference Adaptive
Control)oll A vlRHA o2 FHEHE Aolrs] zetvg
ZARH G AAZeR U5y GduFE ol&sld #

B Aojrt

R et

iy

T % joir N

o

o

o}
=

N

. wals

o
ot

__J‘\_
2.1 #elsigdds J alsiadH#(7)

SeeleREE T2 [0.DAA HeHE Augsel

o] Fzholl M 2 Eo] £1, 09 FGES FH ot
RHar(0, =1, 0<1<1 (1)
1, &< ,<Jg+_}Ql
RHar(k, )= {_1, (m;»l/Z) < i< (gztl) (2)
0, 8} 73

'ﬂ, k=2’+g p=0,1,",log, 2, g=0,1,-,2°~1
2

saetetdse e e AWEAG g
1 i=j=0
f RHar(i, ) RHar(j, t)dt={
’ 0 ]
t 270, a=j
[ Retarti, &) RHar(;, r)d:=‘ 3)
o 0 . i

&, i=2"+g, p=0.1,log. 5, £=0.1..2"~1

A7 [0,polA HE 7t g ¥+ ANE
183 o] fYsudsE AEFSF AAE £ ok

AH = Z‘b F, RHar(i, H (4)

SEstdAs Fi H3)e JuELE ol&8ld e
3 ol AAY F Yok

1

F; = | A RHar(i, Hdt
f”ﬂﬂ 5)

2q,»”z‘h!?hfar( i n)fn
@ g =01, m—1

:Z%[RHar( i, n))?

2(5)g #elslgds olgtn s olel tfgH 2
WE Felsgdagolzty gt

selsterare) ARgsr Yoo 948 A
F2 EEE 5 U R ohWkAE HFYdLEgsE
oA T¥E 5 9ok

I 'REHar(Ddz= P RHar(d )

oj7lelx P& frelsta@rel HEdiaet se) 4
(Y3} 7ol Avwrsly Aoz veldo)

Plo - —ksr RHar |, .,
P (z‘z) 2 (z'z) (7)
groem Rilar [ ) °fz-3)
1_1
G Pon=[2 4|, M@um - MER™"
Lo
4
AN me FElEldEgF "AAFFE ERY, 2]
oA Hate g AwsBEe 2718 el

2.2 njAaT oMo Falste s (9)

AT [0.0AN FARLRF HAGE md W,
WA EATRe Thedt ol Hoshy

4;={t;, t.1) (8)
u}\_', f;=j'_7'];'1‘

MaFelAel Festdae Bt pu
Fy=L A1) RHar™(t)) ©
G oyl 0 me

@, r=gm1 =0 L mel

ALFTANE FABYACEE A0
() =F(t) - RHar(t), j=0,1,-,m—1 (10)
ARG FATDER ARE st Aok

- 2129 -



" RHar( Dt =( P—sb 1 RHaA 1)
! (7= 1) an
= P, RHar(t;)

AN P& FElstg gy va TN HE
A dolg Fhoh, B =7 A FAY feEldd s
o yre nes 2.

[ RHardt=( P+ ok 1 )RHar1;.) a2

Felstg el g AEFE dEFFolnR 1=4F
A d&olmz ned 4% FET + Uk

P, RHar(t) =( P+ Zim I)RHar( )

RHar(t,)) =( P+ 1)_’ PLRHar(t) .
= D RHar(t;)

AN D& fFARLYS ClaTRANY A
dddggold gk

£ vaTRolAe] G50 A2 BY 4L G8g
olgatol ANE % ok

R0 =[ )+ A D, 14

A7lolA T Ry tlaTeN Helstedn
@39 #5 A W HERE T F e 4
19elA] BEo] AP HLe o ATLAA
o e ogHA TE & ALE ¢ 5 Yk

3. stU e+ 0]28 Robust MRAC A3

53 2ol dd U4y 4¥ AEA A="g 29
a}at,

(0 =Apc(D+ Bpu(H+ £ 15)
vl = Cpr (D (16)
v(B= Ky, H+d( amn

A7)N xfDeR”, wdeR, ADer' & 2zt e o
423 43 Jehig oper e AFE e, F
dee Aedest ey 28 o

YAS) . ZHs)

D =Ry 18)
j@g g7 Po| 7hAEx{4,5]

WA yp, BllSayly (DL ldDlI< ey 19

AN o o Y99 %o & ekl &
B9 AGs+E ohgn ol Aozl
PR O) Z,(s) (20)

=k

Hs) = R.(s)

A7 RS, Za(E 24 nA, maiy HAE g
Aol p,& %o Aol 2AFFE G SH Fo) A
BERY

e(D=y,(d—ya (8 21)

2 (21)2 EHE 24937 JigrRd 99 QAE
el it} Lyapunov A3 s~ Eo) 2% Ao FHL
&7 Z2oi{45]

wi (0=Fu(D+hy, (D, w(0)=0 (22)
we (= Fun( )+ k), wp(0)=0 (23)
W =0"(HUB—p(Dey(d (24)
HOEICRGIHOPHGEGIE (25)

A7 w(dsh w(dE RIXS WEelY. (FpE
ZtAoigdeln, FE AAFE FFolch Aojr] Helug
23¢9 HeHde ohg #oh

8D =— o8B~ e DD (26)
p{f)=—oo(H+ e,(? 27
dgez MY AR HBSRE Ags

(m)o] Fold w Aejr] Arlg e g FHL 249

A a7l MATFLNNY felseHsg olgde 3

sted mA 4] (22), (23), (26), @NE WA Tzt M e} &

glsld g et st Aladg rz—}:@. 27

dFY F P9 A2 98 Loh

(D= w0y(0)+ 6 [ () + e [ () 28)
wy(D)= wy(0) + £, [0Vt + tuh [ ()l (29)
HD= 60) ~ tus [ 62 = 1, [ () UV (30)
oD =p(0) = tas [ o) + b [ ()70 @31

@, t,=m- t{scaling factor)

Fuie dHES A vATRNA fEgFSF A
Akl =RQle F e R edEE 2As D e
o g fFElstgAFHY A1)E =gsd A v
aTrefA 9] 2(28)~(BD9 & tgu Lol AMY
F glen

Wit = Wi nF - | Wit + L W(e-0] - D

(32
Ftuh [ P+ oy V(6] Dy
- 1
Wlt) = Wi+ b F - [ Wt )+ L W) - D, -
bk [ Dt + 5 U] - Dy
(1) =@°~rmo'~{@(t,_l)+-}n—6(tj_,)]’D,‘
(34)
=t | B0 + 5 BZU-0)] - D
P(t;) =P'~t,0- {7’(!;_1)-{-—"%}’(1‘,-_,)} -D, a5

o [ B0+ L EN(52)] - D

@ =12, m~1

2(32)~ (35l A FHA wlAaFRM A S
E ujaFd M sestgdvsisiy A ul4Pge]
o) gk w;(f,:), w;(‘;), 9:(3‘,‘), P;(fj)?—ea‘ Fg F A
o g 4L olfste A PaFe Holy
g (8 ANTeE ¥ 45

u'(t)= 6" (T (5) o' ety (36)

B, (=05, wi (&) w3 (5) )T, i=0,1,, m—1

@) ~35)0 B eFRMe &) &7 Fe

& ez 78 & g

wi(tn) = w0+ LF - B wi(e) + L S @n

wiltn) = w(0)+ £, F- gwg(t,-)+tsk' 'gu’(t,-) (38)
o) =00 =10 B[O~ TeICW  (39)

6 =p@—ta- o)+ S el (1) (40)
AGD~UOAA TE wilt), wlty), B, olt)E
S Te 2/12PeR o3k Yool AFReE
o ol sbwaA deh.
4. AE=jo|#

G Zo] ATE A A48 AR Azdge o

- 2130 -



2] 3t 2H6].

]
D= [ x0+ D+ (D (41)
1
y{=[1 0lx(D (42)
1 0.9cos (20 +0.5y,(2)
%, xp(0)= } }, U(t = ! }
- 0.55in(t)+y,(£)

1endg gt g
-4 -4 1

PAGE [ }xm(t)w‘ Jm) (43)
i 0 0

yulO=01 1J}x.(8 (44)

1
@, xm<o>=[ 2{, AD=3
Aol F2e vhest B

wy (D=—5w(D+5,(8. w(0)=0 (45)
w (D= —5wy(D+uld), w(0)=0 (46)
W =0T(DUD—p(He (D a7
U=y, (B (Dw(HAH” (48)

Ael7] seEinlg 24& AT HEFAL A9 4
(500 93ty ZHd)
B(Hy=—0.01- 8D —e(HUD 49
p(H=—0.01 oD+, 8O=[ 00001 (50)
S22 &Y MM =0.00% Fsgds AA
F5E 8P (m=8)2E 3}5on Matlab v6.0& ol&3d}
of Aol dgdm 50&7x 9 dHelelg Aot
g 1ol 7lEe WEg ol gsds A e
‘M 8% EdEe 29 gg Jehide, 28 201
e AR HHE ol E A% e £
ZUES] FE&

=
35
3t
25
g ?r
g 15
B i—modeloutpuc
1
B
EOS ,\
g 5 plant output(conventionaf}
as
-1
15 : N . . . . L . . ,
o 5 10 15 20 25 3B 36 40 4 50
time [sec]

2F 1 A& el o 2d &9 FRE &9
Fig. 1 Model & Plant Qutput by the Conventional Method

B 19y 71&e] WS o]l83e Robust 7|5 29
Hg AorlE AANAUS #He B =Fd4 21!"1*0}‘_
Festadd g g ol 83sle] Robust 71& Eti‘ HE Ao
71& ’=‘374lé}9&° el FE A LAE \/PE}LH?JW ®
1ol A B.Ee] Robust 718 E@ g Aol & =
ol o%t “J‘§°l ey €8 4 £

* 1 HaEARA$9 A vl
Table 1 Comparison of Mean Squarc Error
Method Mean Square Error
Conventional 3.6898
Proposed 3.6402 J

as
3t
28
g ?r
g '8t model output
5=
L AAAAAAAAAAAAAAS
:g 0 \ plant output{proposed)
05
B}
15

I T T T R " T
time [sec]
a2y 2 At wyo o% nd 291 FdE &9
Fig. 2 Model & Plant Output by the Proposed Method

5.8 £
71E ZE Hg Aojet Zo] AAL Nag e A
2ghd Augsg Hgar] AAMe 459 EP‘- Eﬂ 1
B & olgste] dAden Aorg 748 & de
nEFe] dasgith, E =fodMe oleg EAE 3}]@
8}7) fske] w4l A El?‘v}?—l“‘%" H8g F 3l

o2 gs ALge A
g & e ue 21]?}6}9614-, FAsERE ol gt
o dolg 4BY AE Askel WA ANE FAY
F e Pe Adssch ¥ =Rde Adse %
WSS clgsiel AATUS doleist oAUl 4

£ 45 H4e wdeh ol @ £Ee tie
hohe dnesor A4 A0 AEE 4 gdom B
3} odes AoVlE HAY S ASE wIth w2
Rel PEe YA HelE fsh: Aol Azl A

| 758 Aoz ArHY F AA Ax9s 74
% A% S H88 APl snch

&322

[1]K. 8. Narendra and A. M. Annaswamy, Stable Adaptive
Systems, Prentice-Hall, 1989

[21Hans Buttler, Model Reference Adaptive Control,
Prentice -Hall, 1992

[3]K. J. Aswdm and B. Wittenmark, Adaptive Control,
Addison Wesley Publisher, 1995

{4 Hodong Seok, Joon Lyun, Theho Chung, "A Robust
Model Reference Adaptive Controller Design”, Proc. of
the 1991 KACC, vol. 2, pp. 1073- 1076, 1991

[5) Peteros A, loannou, Jing Sun, Robust Adaptive Control,
Prentice Hall, 1996

[6]Y. H. Cho, H. S. Lee, D. S. Ahn, "On the improvement
of Convergence performance of robust MRAC using
BPF”, Int. Conf. Intelligent Robots and Systems, pp.
41 -45, 1999

{7} RF5F4=, WALSH 8k Al g Aof, BF2 AL, 2000

[Blzizle) o}, “BeHAYFE o8¢ 7|5 2d HE ajojv]
AA g@dares =24 A 51D @ A4 1 3, pp. 1~7,
2002

19]7’1753 9, “maFd FAstEgc] 2§ dFAe H4
£ AT AR Py, deaes =88 4 51D 4
A 6 %, pp ~, 2002

- 2131 ~



