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Design of reference model for model reference sliding model control
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Abstract

Model reference control is control method such that overall response of a plant plus controller approaches that of a
given reference model. The reference model provides desired trajectory the plant should follow. There are many kinds
of control methods in MRC. However, this paper focuses on Model Reference Sliding Mode Control. The plant of these
controls is an uncertain and linear system varying in time, of second order, and with SISO. In this paper, a design
scheme of reference model is proposed for MRSMC. The scheme determines reference model based on the information
on bounded control inputs, reference inputs and system parameters. It is used to choose a Fixed Reference Model in
the process of controller design, to update Variable Reference Model when stepwise reference inputs change and to
update Instant Reference Model at every sampling time. The simulation results show that the proposed method yields
better control performance than the conventional MRC subject to the stepwise reference input when applied to the

position control system for motor system.
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I. A Tt 28E 53 B &Y 54 AT dAMY B 5
o ZHol Atk old HollA, 7]& BAL Ao Axde] H%
wg 7]2 Foj(o]st MRCE AshE ZAHEs oA 7)3 o A g vABRZ AHor)e] HA HANAM FaF Q0]
ndd A%S FZHES ZAES Aojshe Ao sgery B 5 S8 &R/ we VIE 29S8 AEY MRCE 71E 99
MRAC (model reference adaptive control)) MRRC (model of Wit A&e SRe de 7 e W, =Y Ve RS
reference robust control), MRLS (model reference learning AHEE MRCE =2 = 4 9ok A7 Age A0 A5%
scheme), TDC (time delay control), MRSMC(model reference e 71E BdS A4S Ao Axde AA AgE BEshe
sliding mode control) ¢ o2 &5 MRC7t d7HUC [1 Aol dee A=t
~ 5] &ehold EE Aojrl(e}d SMCE A3he 2843 dalv
MRC[6JIM 712 mde Zdest 2Zsof ah oAl HE zte udd Aaded d8d & e A 548 Ad
AH e }\gldol.tli ZYPEs} A2 QrtE= 7]1E 9Ye A AA712A B &8 Fokl HEHol $58 Ao Hee ve
q FFHA ®1, 71E 4 U v Bl £9E 333 Wz Aokl Teiy o) d SMCY AHde Alade AErt &
EE Ao ?Jac’} ALET A& Fof, AlGEY) 7]E d8o] A glo]™d W(sliding surface) $ol AT o RAECh
29e] A7kl Agel FAEL F73) W 71F 99e 3 Cleld SMCef &8S naely) fis) o2 A7k Ao
A 2zax 91 712 dgd g 72 5o Aoz o T Lue 5% AL ol8dte] sftold WE FAdes
GSMC(global SMC)E A|Qhste] Alzgle] Aejrt &4 &efold
=SB E Y 7] A At T et Hoflell EAY & AxE stRedT], 71E dEs =2 A%
=% W3 2007-4-3 A dA : 2007. 8. 3 7]—4 TAE FE59 ) Bartoszewiczy 23F A|2~89-& 93 AW

HAR #2007, 9. 11 wooly REg FHA AT, oIF Alele 45 T B



298 / B4 J|F &dold BE Aor]9 7

2d A7

FAh8] o] A7 E 71&S SMCAA Eetold EEE
li}i FAT A2 &Etold Bog A3k W, Chung
2 24 o)) &ftold REE AlEdle SMCE Adtadovt
[9], B4 2949 Aol HEE AET wos fH Alo]Fe]
G D2 AAFE AHEstof gtk A ol 7E
A7 ABEL sEbold REg $A7) AT Ex3¢ 784
Atol H a3ttt
Zdoly Rrao] MRSMC(model reference sliding
mode control) & SMC9] o|¢} Z& dAd& Bgsly| $ste 7]
& 298 A48 zloth[5] 9] 7)E BEE AREe &8

lo
]

zd7E

oY FEZ £45x ROoWAE 27] 242 A% BUE v
& Rele. &, Axdol AURS 71E

¥ S Y FFE A
o] ofe}, 7]E HEel dig v|E 2l §HE

24 271 94F AAs T Alxdo] }} } &elol
At ste] &elold BE Ao]r]e] MY dAALE FnaA ¥
o} 7|E 2l dANA 3 Ao ?J@,(nommal control input)
& A3t 71E Yol WatE wnit} b J1E Ed(variable
reference model)& AA st 7Jalste] AT Ao YE& e
ANzdo tiste] HEHohE] 2ev, B bE JlE Rds
AAsl7] st 71E ol Riglete AlAAA FANES 7]
BEdo] BF 4 At MM fFEEHUATH

il

2 epe old® ATE Byl A¥E Aol 9¥e 2
Azdel date] Aol A5& ARG + & MRSMCE 9%

AAR 71F 24 48 Wie

= 439 eME A" 23N EFAALE e A
W Ay 2% SISOA 2=¥el| tiéle] MRSMCE i E3]
T MRSMC o AHgd& 71& 249 544 71
HO
2

Agret 17t e,

W3} S8 dhete] BE@th 49l A Wy
B Az gae Avna, Agdeld st A
o Alo]

o =
= LE

% Gl tistel nBE F 5
ot

2
riu

)

s 2 U 9EHel AW AY 2% Asge
A,

s B

x(O)+ay ()x(1) + ay ()x(2) = bE)(u(t) + d(1)) (1

A7\, ush xe Azde 4 28 A5 YL, 1= Al
74 alt), alp), bie AN2g g2, doe d3dE 47 Ug
dr 7 seviEe el

bmm Sb<b y A min Sal Salmax N A3 min <a <a2max,

max |d|<D (2)
o, Ao A AF WA=

Upin Su<U 3

9 A28e el BA. 03714, SEAT} mingh maxl e

e 7 s Aagst Auge Iuisn, D e
WS e ot AelHE oldd Adel Ay
A% 9Ee A7 F5sE g4 21F 9de) W 1F 2Ye
%2 23952 GO HE $9 542 A 30

NE mae SdES 28 A5 27 A8 A2y

A

S + 200, % + 01X, =0 1(1) @

2 AR A7), xne A1E %% oul@n. o

E!Eﬂ_/] %

i, s FA9] £ /1 ) % BEERDER
JEE Ao Yol ey 717 mee FF0 Atk
- ®)
Ed, Setold W s = 0%
s=étie ®)

A8 A8 gen 2e

U =& %+Gyx+ %, - A+ Ax,,)
—sgn(s){ Aa, | x| +Aay | x| +AB| 5y — Ak + Ay |+D}  (7)

o714, AHg| 7159 Yule g3 2.

-1
ﬂ-——b , mm—ﬂ<ﬁmax
ay=a; /b oy, SO S0y,

a; =a, /b , Q3 min SaZ SaZmax

'_ﬂmax’i'ﬂmin A _ﬂ ax_ﬂmin
B= , AB=

2 2
&‘ - Ximax * Ximin A(Zl - X1max ~ Zimin

2 ’ 2
&2 2 max ;ame Aa aZmax > 2 min (8)

ZE Aol M HHAL Lyapunov A el o3t

o 298 F vk 9L 93 Lyapunov FHE V=055’ 2
AR 7F AFo|ng Vi s#00jd 4 dojrt. wahA

=S§7} 520 o F5US Hold Ao AxEle] S
F Atk s WEE v o] At
§=6+A6 =X—X, +Ax—-1x,

=—a;x—a,x+bu+d)-X%, +Ax—JAx,

=b{-ax—a,x+u+d— P, -1+ 1i,)} ©)

=, Alo] 9¥e 1 93 wed F oz #IF & gk

u=u+u 10)
A7)N, i & Azd HeiEe) 247k o8l § & 0o 2
Ha5g an, @& geolee waol gste] Alojzlel AU



AoEA -

A2l By [ 8 E 4 W 2007. 10/ 299

& Bojdl7] glatal sEulE e WE o|&de] §E g9} g
250 ko wEolA V7 24Ut HEE .
2A%S ol &dte] 4& Asw

=Gk + Ayx+ G, - Ak + A%,) an
oz, Ao} YHg $ol vilale g Ae dg 4 Ak

§=blayx—a,x— Pi, — Ak + A%, )+d
+dli+d2x+ﬁ(im —ifc+b'cm)+17}
= bl(d, - @)% + (&, —a;)x

+(B-/3)(xm—u+zxm)+d+;z}

sle] Aol x 2 siehelEle) Welsh FARe Aol 22t v
3} ge Augs Zed

(12)

|B—/3|5A/3, |é, -a,|<Aa, (13)

—al|SAa1, |0?2
olgjd HAigg olgste] ¥ B
i = —sgn(s){ Ay ||+ A, o] + ABE,, - 2%+ A%,|+ D} (14)

2 MAsd VI #4247 9ok @A Lyapunov HAA
el Qald Al Ao WA u=i+i £ A},

olz]gh Aol Y=o st FHEE 7|& BEE FT3H €
th 29 12 EAESL V& dEE AF FFEe Ao vE
Bdg FF3e 455 vad Aotk 19 1a)e FAET} 7]
= JdEE FAH FFde AE Ueld Aoz A9 JlE
dE Tt Ao 7] & e QlEte ZWET} &dtold M7t
A mgaby] Y AR Il EAslE HE ¢ F Ak WY,
o] Ftoll A Ao Yol Ak Ao e WAE Yot A
A AN FRE 4 jA "k e, 29 1he 7]
F RAg FEFee A5 ved Aoz, AddE 7E 4
ate] ERNES 27] 2313 AAse 7|& 229 AFo] A
92, 0% BAE} FEHORM TUSH J|E 299 23
A 9F el EAEC
o \ é
\\
N\
\
¢y N\ > eq 1 >
N2 \ |4
N N
(@ =9 (by “s=0
(@ AYE 71&9d =3 b) 7|& Bd %

a8 L 7159 AR o5l B wau

(a) following reference (b) following reference

model.
Fig.1. Comparison of 2 methods.
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