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Abstract

A conventional PID controller has poor performance when it applied to systems with unknown deadzones.
To solve this problem, this paper proposes PID controller using two layered-fuzzy logic. The structure of
controller is reconstructed with fuzzy compensator and fuzzy tuner on the conventional PID controller. Our
proposed control scheme shows superior transient and steady-state performance compared to conventional PID
controller. The scheme is robust to variations in deadzone nonlinearities as well as the steady-state gain of

the plant. The performance of the developed controller is verified through simulation,

* Foleta Hferel WA e
* golofeha AT wA

Aedat ;19994 19 20

403



e} R EAIE s =2 A3W 23

.M B

PN

PID AHo7]e 7rddt 7224 Fge 3
Az 7% A5& vehliy] didel], o= Akg
Fopell de] o] 4= glch. ze{y PID Alo]7]7}
Deadzoned Eg3t AlAdg Aojgr w Aapab
) ex7b vebd 4= 9lw, =5 PID Alg @ £
A&7)7b A drke oEgel wEd mels &
=M= o1& sAsy] & 29 HA| =YE
233 PID Ajojr]E A}gste] olejdt #AAHE
WAAst At ghet

Deadzone-& %3}, s]Ag|e]AlA 4 7]e]9] back
rushe} 2+ Azke} 7)ARHe] &3] Jehte o
A2 AHY A5 & 5 god, Aol o
2}4] Al2®lo] Deadzoned EF3 & AL,
AR @ 2FE ol © 7] 2iqlo] ¥ ul, Deadzone
9] Zo] W E48 iw AR

tjgo], PID AHi7]9] 37}x] sje}ejeial w]d,
HE g o Aes A% $HE HAsE A
A AE AAT 4 =E ZAEol
dl, Aj~ele] #W3le} Deadzoned] Wstel] wiz} =z}
eelel & Az st Aol A ok weba] Aol
719] stebllel & HA Y ez A=) A w
2 =¥} AZe] Hasly, o]F Mo} A A
371 9 AF7L A5 o] ghepHY

H %)M Deadzoneo| w2 HAMA | QL ALES
Zo|A] PID AlF < A3 AL F IUxE 2
& 52 =2lE EFE PID AHo7|E Adsdch
o] Alei717} /HAE A5& bl olvke AE

Algdold s AF3d

1. HX] BA7|

o] Holl4{= Deadzone-d 712 Alxw]e] A}
HeAs A7t £¥EHS Mg A B
4719 Qs 71Esidgll

Deadzone-2 7}x Zoo]E]e] EA-L A ()3}
23 12 A

stv—d), if vd

D[v] =1{ 0, if —d<v<d o %))
stv+d), if v<—d

404

4
D[v]

12| 1. Deadzone-d 7}Al od3poloje]e] B4
Fig. 1 Characteristics of actuator with deadzone

7|4, s+ Deadzone <32 7]&7lel,
—d ~ d¥ Deadzone®] Zoltl (s, d > 0)
Alxdle] B BAAE A )9 2t
(k) = (k) — (k)
de(k) = e(k)—elk—1)
Cle(k), 4e(k)] = Kpde(k)+ Kelk)
+ Kp(de(k)— de(k—1))
k) = KB+ Clelk), de(k)]

u(k) = Dlv(k)]
y(B) = P(2)[wu(A)]

A714, Ak : 71EHE
wk) : EFRES] ¥
(k) @ AFolole]e] £
ok : PID Ae)7)¢] 23
k) : FHLA
Ae(B) : ZR2A) W
k), de(B)) : FH 239}
A5} Hste] dgs
K, : Folu X HE o5
Kir(B)  dFollolel o] Y
P(z) : EHES] A
Kp, K;, Kpp : PIDA|o]7] gletelE]

¢
J

H
r

ghek (10,01=0°]3, Ak=r2 HsH AUr}
H, AFelolele] A IHL kyroltt.

Deadzoneo] ZA3}z] 9L AL (d=0,s=1),
FAEl 242 A F A A )3 2ok



w3/ #A BAavls) 517 §3271E o]43 PID Alo17]9] Deadzoned 23 AlA® Ao

Wk = PRIKAR+Clelh), de(B]]
= yr—elk

eB=rB—yB, "b=rdu, 3t
Nede Amua. o] Aol de(h)=0012H,
A @s} 2.

W) =K[ K7+ Ke(h]=r—e(k) ... 4)

KX K.= liryllP(z)?l P(2)8 Aeie]5eltt
w3 K =1/K;0l9 o] Aorle & FA=Yclw
Al e KKes=—e,7t o
es=00] o] A9 setw B o) &7]A, e
= A ezto) )
Deadzoneo] & 2 D0, s50), ZTHE9]
Habrbe] 28 A (5)9) )

ve=KDIKi7v+ Kl = r—e; . 5)
A kir+ke
—e'\ ksD[k1r+ke]
N d
. Kir
N sD[k 1r+ke] —
\\ r
N /
—>
e

a8 2. —es} KDIKir+ Ke(B)] — 7
Fig. 2 —e and KD[K;v+ Ke(bh]— 7

HA A8 dele ohE 2o 23 2004
btE HEFESZ KD Kir+ Ke(B] — r8] 2%
g olgsle] A wASEE rh ol HAAY

227} 0o] Hth= A& oulgith. TAE o] %
7] YA E edll & Ut JIEYH ol
et A 5 FrIgoRR e AHAE
2& & gleh PID Aoj7]19 7% e F7lE

o421 o8 Aukh ke A4 A8 HA
FHE A4Q o Aelrle dst o gol
setrlehs 2R Ao 458 vhehdc,

Jelz wAplel SA) e WAL AwEe 5
A wel 9AE A122 s AgedT, ¥ 3
AHCOGIE g Al Qe 2Yatw
chest et

A, W ADY e(DE e 2o A
622 Aok

B

Yk = rk)+u (k)
¢(k) = e(h)+u (k)

of7)A, 22t e(k) = k) — (k) 2} 23 W3}
§ de(h) = (k) ~ elk~1)= HA BA7I9] 9
Holrd, (W& HA BA7|S FHolrl.

BAZ1E 23R Aade F 54 A M3

2},

e(k) = ky—y(k)
delk) = e(k)—e(k—1)
u' (k) = Fle(k), de(k)]

¥ =r(k)+u' (k)
ek = r(k)—-ylk
de(k) = &(k)—~e(k—1)

Cle(k), de'(B] = Kpde(k)+ K’ (B)+ Kple' (k)

—2e'(k— 1)+ (k—2))
wk) = Kir(k+Cle'(k), d (k)]
(k) = Dlv(k)]
k) = P2 u(B)]

A7|A, Fle(k), de(B]= HA =2l d-¢H
£ 4y Hejolnl, hent 2 odol FH LY
¥z 24 g4 M3 FHD AYPelxn, A3}
7l HA5 At U A A Az T
Ak L3 M ohgg 2o
L = {NB, NM, NS, ZO, PS, PM, PB}

M = {Myg, My, Mys, Mzo, Mps, Mpy, Mpg}

23 3& 25355 Jehd zleldh x| ste)
Hele el ge]l AAFDHE IF ok
de(k) & HBAYPr} 53], zF Aol gk =L
slo] cheo] Alo] BN 2% §4 Mol 3ol
48 Dt e T 2 (DH n,l(0)9

405



s REAIS 3 =8 A3 A2%

At

s

A
T

O 3. e deu &% FF

Fig. 3 e, de, ' membership function

nll) = M/(C.e(R)
nal) = MI(CAede(k‘))

AN C, % Cot 2AY ATt nl)
S, S AR £ Azl ol g€tk
FHE e e Aoz e,

Rule : if e(k) &5 1, de(k) is {,,, then v i I,

BA}7)e) AR & 23402 ¥ 13 P}

® 1. BAZ A= a3
Table 1. Fuzzy logic rules for compensator

de(k)
NB|NM|NS|ZO | PS |PM | PB
NB NB | NB | NB | NM
NM | NM
NS NS | ZO PM
e( k)
ZO|NM|NM | NS [ ZO | PS | PM | PM
PS|NS|NS|ZO | PS |PM| PB | PB
PM PM
PB
a3 AAAL HARARZS FHE oS
7.

406

I. HX H= SX7|

o] AejlA= #HA| welE |43t PID A7)
o 7 sieble ke AFAeE 2AE B2
A hstod Agshch o148 A A
V) SR e 2T & Y AA FAS 2
& A3te Aol

Kp, Kp [Kp min» Kpmax]s (KD mins K b max]
o o&) vig] FAE 4 Wel EAIct AT
t}. o714 Kpmin> Kpmaxs Kb min D Kpoma o
Zeigler-Nichols el ojal Aj4kg k&l o]}
Ze o gl ojodo] A OR AAEA
A(16) A Foizlch. Hel & $8] Ky ok Ky = of
o] A3 WE FHelx] s Dot

Kp=(Kp— Kp i)/ (Kp roax — K p, min)

- (©)
KDI = (KD_ KD. min)/(KD.max - KD, mm)

A whgelA] PID stebelels 234 e(h) o

o7 WEe e o I3 AYHTh A A7
S ¥ AASse] BAZ ARk

T = @Tp oot (10)

ae]a B o]E-L of#dl] &3] gloAith

K/ = Kpl/(aTp) = Ki/(aKp) oo a1
stebele) Ky, Ky ¢ o okl @49 wx F
o] Al 3] AYL.

If e(k) is A; and de(k) is B; then K, is

Ci, Kpyis D;, a=a;,, 1=1,2,3,,m

4714 A, B, Ci, Die 97 Aol ot 2
Solch ulHAFe ohew 2o}

Ky = ,g“iK' i e (12)

Ky

If
e
w®
=

)
=



WX/ HA 2271 HA 552715 o143 PID #l01719) Deadzoned 2T Aad Ao

Fuzzy-PID

... Fuzzy Compensator Gain Scheduler

—» Ki 1

: : Actuator

Fuzzy : with

: : deadzone
A + + e + Y u v
e Fuzz D one > P| >

y *U—PO—', / 7 : eadz: lant

a8l 4. AA R
Fig. 4 Block diagram of the overall system

A71A, 4= w4 lelB)], -
pigadl=]

Ky, Ky, a7} 4 Aojx)9, PID ale}7) 3}
2}v) e Ok A ADEFE oo wgsle

p plde(B]A 2%

= )

2 Zéﬂ;d:}.
Kp=(Kpmx —Kpmn)Kp + Kp min - (15 a)
Kp={(Kp wux = Kpmn)Kr + Kp min (15 b)
K= K] (@Kp) oo s ¢)

ozl Zz A diste] Algdeldd g 7|
22 el Kpel 993t Kpd 4% AHeehd
o7t et

2]

= 0.32K.. K p e = 0.6K,
0.08K.Tu K poax = 0.15K, T

o3V K,, T, Ziegler-Nichols 2] &)
235 vl Ao digh oA dAAMY 2F9
F718} o]lSolr}. Ziegler-Nichols o] 23

N

3

A% K, = 0.8, T, = 0.58 ZAFAL
2 eeld AER WA Fx7)9 dBe A
He Ky, Ky % o% #e Aol 4% &

% 2
LS

Kp'ell o g 97 3 18 59
20l zhzt el

smafl

big -

O 5. 2%%s K,/ 9 &Y

Fig. 5 Output membership function K,

¥ 2. Fuzzy tuning rules for K,
Table 2. Fuzzy tuning rules for K,

e

NB [NM | NS | ZO PM | PB

de
NB

NM

NS

Z0

PS

PM

| W | @ W m| W |W®
©wiw| W | W| o w|w
i | WiW|lw|wvw|wn
wn lnlnulWlun|lw|n
niv| |l lw|w|w
i iw Ww|lw|lw| w|w
Ul w|w|®w| o w|w

PB

V. ™A "o{7

X
1

wgold AR WA Aoivle FHEE 2

407



s LEAIS S A A3 A2E

A 49} P} o7)A], AA BZE ke o4
& waplold, ¥ WA 23 A4 $218 37}
3 PID Aoj7]olch PID Alof7] jHo2 ek o}
JelB) S BRI () = olB) + 1(B) S 2R
=g (k) —e(k—1)& AL, w(HE FHA 2
2719 FHoltt. 53] oA AFT SA WAAY
3} o] PID Ael7]9) FHL Thew} e},

k) = Kir¥(B+Cle(k), a€(R] . (17
A71H, ¥ (k) = k) +u (k) ok
V. Alg3jo[M

A (9% 2e EAEE sk, AEeold
& Sso} o]F PID Aloly), A wAE ol
83 PID Aol7]oh & RN Ak 5 v
7% 2 §2715 ol 4% PID Aei7le 24 &

& A2 W@ B

P(k) = 0.005u(k—1) + 0.005u(k—2) a8)
+1.99k—1) — 0.99(k—2) T

QEY AE 00125 AT, A £

AP 279 Ade o gel Agse,

10 15 20
10 16 20
10 15 20

a8 6. AyAQ PID Aei7]e] 244
(d=0,0.5,1°13,5=1)
Fig. 6 Output response of conventional PID controller

408

C,=4.5/r, Cyp=49.5/7, Cp= 0.27

x3h =1, K =012 22} A&

2% 6, 7, 8, 9= Deadzoned 7HA| 1 Q= A2
45 27| BE Aol)g Algeted o} W 29
Solct

15

1" .
0S5t (

0 —_ .

0 5 10 15 20
15 v v —

g
0S¢t 1
0

0 5 10 15 20

0 5 10 15 20

a8 7. SARAIE o] 43 PID Ae7) FH &
(d=0,0.5,1°]3,s=1)

Fig. 7 Output response of PID controller using

fuzzy compensator

1 Nﬂv‘

s} i "

[¢] 5 10 1S5 20
2 —

o ﬁpww

o

0 5 10 15 20
2 v

1r F(.A

0 " . "

0 5 10 15 20

a8 8. #HA 37 o HA FFI1E oj4E
PID Alei7]¢] £33
(d=0,0.5,1°]x,5=1)

Fig. 8 Output response of PID controller using

fuzzy compensator and fuzzy tuner



#wL/HA 2719 A4 52715 o14% PID Al°17]9 Deadzoned EFT A28 Alof

% 5 10 15 20
2 ; - 2

% 5 10 15 20
2 — -
I

N A .

) 3 10 15 20

a3 9. #HA ®¥Ar] ¥ sA Fa)
PID #loj7]e} 43
(d=0.5°1%,5=2,3,6)

Fig. 9 Output response of PID controller using

ju

SEE

1l

fuzzy compensator and fuzzy tuner

vi.28 3

E o] Deadzoned ¥&Hshs A] <ol 4]
Ve FAHE i@tz H32 ®HA)e)
A 5&271E °]43 PID Aoj7]E Atsigly, o]
Aejzle) Ao} A5 Hrtsisdnl

At Aojrl= A2 PID Hejr]} v|wst
=3 At AsE Al 9l

= AE & T e, A gEx v gt
AEA FAE 5 ek oleidt Anbs A &
2p gke] #2] =] BAb)OAM AAHAL, oA
PID Ale|7]9] A4 g-& A5AHoR 2T
7Hesisdel o), At Aozl EFAEL A
A} Abel] o]5¥ub ohzl, Deadzoned] %3 71§
719] Wigelx ZFeldt Mg et

£
o
N,y
<
o

#DES

[1] D. A. Recker, P. V., Kokotovic, D. Rhode and
J. Winkelman, "Adaptive nonlinear control of
systems containing a deadzone”, in Proc, of
the IEEE Conf. on Dec. and Contr., pp. 211
1~2115, Brighton, U. K., Dec. 1991

[2] C. A. Desoer and S. M. Shahruz, "Stability of

dithered nonlinear systems with backlash or

hysteresis”, Int, J. Control, vol, 43, no. 4, pp.
1045~ 1060, 1986

[3] Zhen-Yu Zhao, Masayoshi Tomizuka, "“Fuzzy
Gain Scheduling of PID Controller”, IEEE
Transactions on Systems Vol 23, No. 5, pp.
1392 -1398

[4] T. Iwasaki and A. Morita, “Fuzzy auto- tuning
for PID controller with model classification.”
in Proc. NAFIPS 90 Toronto, Canada, June
6-8, 1990, pp. 90-93.

[5]J. H. Kim, J. H. Park, and S. W. Lee,
“Control of Systems with Deadzones usings
PD Controllers with Fuzzy Precompensation”,
proc, of the IEEE Conf. Intelligent Control,
pp.451-456 1993 August.

[6] d9=, As4, W%, “Fuzzy-PID Ao7]&
o] &3 kel ALFY A Ee o], T
FARFAEE =R, A2W A4E, pp603-610,
1988

[71 Y. F. Li and C. C. Lan, "Development of fuzzy
algorithms for servo systems”, IEEE Contr. Syst.
Magazine, vol. 9, pp. 65~72, 1980.

g} X ¥(Jae-Hyung Park)

| 19873 Toldiatm BTG}
E3(2H)

1990 Folehsta skl A
Aot 29D

1999 FopEal o A

A eI R)
* BBl AT B HAAe), $HLTZ,
ZRE A

4 & E(Seung-Chul Kim)

1995+ gt g QA5
(34D

19973 Fob g o A
At 2444

19973~ A Foldstw ozt
9 AAZEALAAR)

* TARE  HAA, fdaelE, Atz oy

409



R A RFANTI =14 A3 A2x

= 8 4(Yong-Seong Cho) % £ F{(Boo-Kwi Choi)

19881 d R Azt 19603 AX et A 7)Fata)
4D 24 (3D

1990'd Fopdista oishyd A 1980 Az faw ofgsd A
A8t THA 2D AgEst 24(54h

19709~ A Fobvjeta 1z
383} 34

* Bk : A Ale], HA

1997 ~&lA) Foldhst ojet
4 AAFECEA)

%

Aot HA, AR, stes, FE 7HE7)

* 3
A0

410



