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Design of Hybrid Smith-Predictor Fuzzy Controller
Using Reduction Model
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Abstract : In this paper, we propose an improved reduction model and a reduction model-based hybrid smith-predictor fuzzy
controller. The transient and steady-state responsed of the reduction model was evaluated. In tuning the controller, the
parameters of PID and the factors fuzzy controllers were obtained from the reduced model and by using genetic algorithms,
respectively. Simulation examples demonstrated a better performance of the proposed controller than conventional ones.
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Fig. 1. Flowchart of improved reduction model algorithm.
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o]83te] AAEA T, 8t Al 2 HSFCY AT ¥
Y A3} ¢18]E 9 GA(Genetic Algorithms)E A5}
HAe] & Tt QAP
1. sjo|=22|= A0|A HX| MOZ|(HSFC) T+=

HSFCE= HA|A|)7]¢} PID Aloi719] A A AARS
BAs] F= Smith-Predictor”} EgHEo] FAE 0] gtk V)
&9 PID Alo719t HA Alo7je] AHS 7/ ALE,
B =RiMe 34 <dneEd F4 Zdg o83l
stojHe= 2v)2 HA] Aojr|e) e T A Al
2" tigh Ao ¥4 HA Aojr] & PID A7) £
o tig |z W] AdA Aoz 7t Aojy] Yo
e 3¢ FARNE o83, 22 579 A

2 24 2do] XANE A3 HER AAX7 §
o2 Uro] AME 3T delHels 2nj2 HA] Ao
719] 712 84+ PID HE9E, i, AoF Ao
A, 5AS a8a 2v& &9 Asgk ook 19 2
+ HSFCe] F4=e|t}h

A7, e LA, der 23] W3} 7k, A% WELA}
9] W3}, AUs Alo] €89 W3}, GE, GD, GH, GCt #
A AT, K= PID Aoj7loln, (- FHA o7
9| 3FAF, o PID Alo]719 575, UPID & Ao}7]
9] &9, UFe A7 Aol 28, ¢)Fe 4 &
d2A 2ulx gF7] BEoln, Us F Ao &8o] A2F
H lelH = 2ulk HA] A7)y Ao} &¥o|c)

sto|HEE 2|2 HA| Aorle 4 BUS o]&35o
202 G&71E AAGoEN AT QXS B
ZelFEa o, PID Aojr|eh Hz] Aojrle] &AA
AL A 3T AT (0F oE3 AT 19 3L 3%
Age AWy T e A3 31 299
A 237 AW o FonZ Mz Aojr|e 9io] =
I, 2 §HiE PID Alo)7]8] F3Fe] ZA "ok o]9) 2ol
SEEAIFSl °] THEAERE FHE AE RolAe HAA
o7]e] gaFo] AAW, Hde] BZoMe PID vy
Ag¥o] AXA Hrh StolBE 2nA HA] Ao)r)e o
35 Algrel]l A Ao &8 B4 4E AL pYoey
B 34 £84%S AT, o] F4 Ao 8L (19
o} gk

U = a - UPID+(1-) - UF (14)

2. sfo|EE|= ADlA HX| MO7| = d1E|E

HSFCE (159} 22 HX] =2 730 &3l njel =
A FRoZ AL



Journal of Control, Automation and Systems Engineering Vol. 13, No. 5, May 2007

-set point 0

a9 3. sk Al e 4
Fig. 3. Membership function of weighting coefficient.

Set point

Ri: IF E is Ai and 4E is Bi and 4°E is CLTHENAU is Di

15

o714,

Ri D WA Al HE(i=1,2,n),

E : 3} (error) &,

4E : 23] w3 gl

4B : 5 QAo W3 gt

AU : Alo] 9] wisg,

Ai,Bi, Ci : HX] ¥,

Di : AZE (singleton).

zk Zkel ol glo} Aubel AY¥EE (167 2, 7
A Ao71e] HHA S} HPE AR FER FE G (17

3} 2t
Wi =min{lAi(E), 1Bi(4E), uCi(4’E)} (16)
i w, D,
AU = — a”n
Z w;

AN Aold Aos7E QLAHE), 22k HBIN(LJE)
d A9 W4 = NBNegative Big), NM(Negative
Middle), NS(Negative Small), ZO(Zero), PS(Positive Small),
PM(Positive Middle), PB(Positive Big)2] 712 FA=ET &
ZHE), 2349] WMII(LE), WE o3t WY 2
£ wnld IE NNegative), Z(Zero), P(Positive)2] 371&
TREY, FUE] Aol F¥e] WIR(JU}S NB(-m3),
NM(-m2), NS(-mi), ZO(0), PS(ml), PM(m2), PBm3)E 77l
o] 2ZE (singleton) B F55 AREFICE SR Y
| T 2713 &, 7S X237 A9 dug e
ml =173, m2= 23, m3=19] #& 74k AAHYL A Tt
e ® 13 2t

E LA ATAL
Table 1. Fuzzy control rules.

AE=N AE=7 AE=P
JE JE AE
N[ z]P N|z]P N[z

P
N | -m3|-m3(-m2| N |-m3|-m2} -m] N 0
-m2-mll O (|E|{Z|-ml] O|ml}E|Z| O ml m2
P| 0 |mlim2 P | ml| m2| m3 Pm2| m3 m3

447

E,AE,A’E N z P

I
1
I
1
]
)
i
b
b
b
|
I
1
1

=}

1

(2) AukE Qg A4y

NB NM NS Z0 PS PM PB

29 4 AN Qeuss W4 B L FOR 2 Wu4
.

Fig. 4. Membership function of premise input variable and
consequence output variable.

(159 AojrtHdA 9 - 28 W Wug e 7
Zh 39 48} o] [1, 119 &) FEstE A4 FEe
HEES AHET
3. sfo|22|= An|A HA| Mo{7|e| m2laje =

dolng= An|x HA| A7 AAY # 7P T2
g 84 F siue Al BEE g HHY go=
Z3he Aot} B =FdMe B9 dFd iz Ao $7
545 #Aslstr] ¢k, PID Alojr1e] setvly g g
52 Aej7)e] EiAFY @S HHElelr] A ST
FZE ITAES 93] A PIDA|o)7] s}eiv]E
& I, 22 &7 A 2 2 HA Ao
719 SAAIegE 27 ol sl d9En.

3.1 PID =R2|O|E] ==

B =RAe a8 29 o] AQNTE B F7I
QA 2= HFY] 7= o2 PID HtuE @e T
Y W e d&y) FES 2Este] A0 I w
A Alel7] sherle @2 a9 59 22 2vk 457
TEAN 7T F Aok

a8 5o AnAa dE VTR HEZ ADFE
(18)™ 2t}
Vis) K(s)G(s)

(18)

R(s)  1+K(s)G,(s)+ K(s)|G,) — G, (s)e™**]

m

¥(s)

a7 5. Au| A &) FE
Fig. 5. Structure of smith predictor.



448

A71A Gls)E AR FA, G, (sl E FA AL 9
n|ahe, 9j9] TN AMTAT 24 Zdo] Ao UX|
ki AAAREE, =, Gs) = G, (s)e™r = (s)E, (18)

(1947 248t 9ok

oA7\M, A= K,/k, B=Ky/k, C=K/ko|t}.

PID Ao}7)e} sejuleld o) AAFES 4w
of At 2A FHE, & A=q, B=b, C=c NP 4A%
o9, Q)= QDA 24k "ok 714 abeE A4 R
o] Aotk

T

o g

.
%x% @1

A8 o2 20X o&F7] T2, 53 2d24 SOPTD
2UE AL, PID Ao} S AHERTHE 1A ALY
o] AAARAE 21 ATZ Sgo] FHF Y A%S 2=
9 A4 FAZ FH oA B =F e FX4 AN
o S W fu4 FaARE oled PHE AU
o kS ks WS AT

3.2 $AI% selol 2f3t Fof Tlale Sx

AHo] AT Fgeola AV} ¢, 02} 3P, QDL
@AY EdH

@)

y(t) =y, (1—e "= 1) (23)
714 olelde )33 Tk
elt) =y, —y(t) =y, e ¥t D (24)

QoA y ot L& Perz EEEE oHs kgl
o|&3HA "ok
TABS) 3 ez 259 2.

ITAE= / mte(t)dt=%ekb (25)
0

nEe o]83te] ITAES HA s ke 73 2
Ak 25y wE3IPE (26)3} 2ok

dITAE
de

L
ek

2
(Z— E)ﬁ (26)

A7V k=2/Lo|A] 2zkS 7EAEH), o] HollA] IT4EZ}
H7) "ok

MO - XS8 - AIAESS =2X M 13 &, M 5 & 2007. 5

Z ITAE7} A7) ©E ke QDAY 23"

k= @7

2
L
3.3 GAZ 0|8# Xlof Tajolel Ex
FAH Axte] &% kghe @Dk Lol AQAE Lyl
2L ¢ 5 Atk WA Lol YT Holw k e
UR AR, o] We A4 FHA el ol
2Al40] gtk wehd olsh 2 wie Bas)r) A
# =Rolie Ao g Ta] e wS 2w v
4Y A3s) =7, AR ARE Pod A6, QuE
e 43 v} 95 24 5 asas s 2
Ao el BuF Ak A 3 oS FAF PAD
G2 1Y+ Yom A F28 AT F Y= 5 B

2 FHE MR fAz dagEe ARREignh B
q H a

¢

S

o

E 2 FAASuYF] 27 FH.

Table2. A list parameters of genetic algorithms.

No of generation 1000
Population size 50
Crossover rate 70%
Mutation rate 3%
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Table 3. Definition of process and coefficient of reduced model.
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Table4. Performance comparison of reduced models.

71E4 WY Ard W
N T S N T S
74 1] 1.893 | 0.865 | 0.0003 | 1.145 | 0.086 0
274 2(297.874| 51.378 | 0.0287 | 90.392 | 13.972 0

§
s 8 3 8 5 8

Imaginary Axis
.
rocess Ourpt

S e e w N I Y
Redl s Time ()

@ o5 39 ®) AL B AG 37

I8 8. 1l e F4 2l S FH Bl

Fig. 8. Response comparison of reduced models for process 1.



450

Imaginary Axis
5

Process Output

W e I T R R
Realxis T ()

@ Fi S% 0) AT 9 A Y

1% 9.2 20) i@ E4 vUES) SR 8w
Fig. 9. Response comparison of reduced models for process 2.
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Table 5. PID parameters tuning of proposed method.
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Table 6. Comparison of performance index for process 1.

71E9] Wy At wy
TIAE 130.2514 103.5136
ISE 101.2989 91.0036
ITAE 1.3025 1.0351
Over-Shoot 1.0358 1.0319

MO - s - AIARES =2A W 13 &, W 5 & 2007. 5

1.2

i
’/ P Conventional method

Proposed method ul

Process Output

Time (sec)
2% 10. 37 10 3 A Y 28
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Table 7. Comparison of performance index for process 2.
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Fig. 11. Application of proposed method for process 2.
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