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The parameters of PID controller should be readjusted whenever system character change. In spite of
a rapid development of control theory, this work needs much time and effort of expert. In this paper, to
resolve this defect, after the sample of parameters in the changeable limits of system character is
obtained, these parametrs are used as desired values of back propagation learning algorithm, also neural
network auto tuner for PID controller is proposed by determing the optimum structure of neural
network. Simulation results demonstrate that auto-tuning proper to system character can work well.

B
rH

~
>,
hind
L

Sholl web, A-sshel #
At Alojo] &9
A E el 4= PID Al
g5 3 glal, PID Alo]7]e] 9
o7} etk wEkd, AlE
PID Aloj7] As5x7F &

r2
-+
e LT

e
)

fo Jm gt @ ol
N
ol I
o
Lo 3L
ol
o,
o g2 T
o
>~
>

5 PID Alol7] wi7id a5 ZAAs 7198 AL
H == Ziegler-Nichols®] Alw-$w o]
Atk a2y, AGSHEe A2y EAlo] W uj

0 ok oX
fe & o o

MARFES AAANE Su ABHES] ofel e
w3l gtk
B oERdAE odd we

Moz Axgl 54l

B ebshr)elal Al
W37k g gkol A 9

&4 =g
AE EEE FRF EasAeld SFYa
G5 ARFHOD o] WANFE Agetel A
ANEYS FFANBEA S AR 4G
AR eg FEE A, PID A7) wAus
£ A5EEAZAY

2.1 A xH2 74

—'{ Ziegler-Nichols step response }‘—

‘ Neural network auto tuner ‘

a

e u Output
—A%—{ PID controller H Plant ‘__p'

(29 1] Az 74

dlolA ZWES} PID Aloj7]) = 7| EAAFZE
FAdstth PID Alof7]e] daddre o 22 8
HE zh=t)
G (s) = K((1+1/T ;s+ T ps)
9 A geAAd & 4 AUtk
G (s) =Kp+ K, ;/s+ Kps
Aol A gg PID Aol v s7E Abg-E
u FaiEoly o] EAA FESHES FHAI
g otk ol & A3l ¥l 19 Al xglelA AlTg
e o) 1Moz wiwgrr A-E L, o] #%

- 458 -



2009 st=4tet)|=sts| FH St=YHE==2d

& AR ELY AETFgoRE AHEsHA T Actual Desired
SWE izt A3 S A2 Addsglon output  output
Adgrs tgAn 2o & & gtk 0= Ky 0"
G() =KL, s**+*(J-R,+B-L,)"s e
+ (K, syt BRI
:L/\q Z =7 o] Aloko KSIy)
7]1—:1‘:} FMD E40( =59 400[W])'/] ]’o = ‘:]'1:“/}' J 0 K, 94 do
1= .
€2
K,=221[Kgf-cm/A] : ELA =T
J=3.4x10 *[Kgf+ - cm - sec?] : #4 Ok
RUE D ?" ds
€3
L,=0.89[mH] : A71Ap AEE 2 Wii Wi Wik
R,=1.2[2] : ANA AZ (o9 3] AAs =y T2
B=0.75[Kgf-cm] : "&EA
K,= 23.33[ V/Krpm] : F714% 35 =R AE 359 Fx2E e BPIFEuYs
S ALgEgTh a9selA AAE R JEge
20 HEt2Eol o8t PID of7H 4 AA = W3t 7bed FRtelA RE HAAERHES HES
Ziegler-Nicholsel ©]3] #lorsl Ageghme 129 EE3t AMES9n AEsFHoeRze ATSHH
o We]Fi wpeh o] T E(open loop) FHal NN el wEE AEeidnh &= rd
ol RAGS QANA 1o @ wpsmr = CHHA AweA el Y AL T2
R ol AEEE A= wd o)) Agslol ittt i 20 7 A AFeAE
LERA AT
Y(t) = I . i
i [£ 2] 2 3lEZ9 F5dl g2 AFese
' s L1h 2
0.6 T | 2 3 4 5
ok sum | Kp| 174x10° | 5L7x10° | 33x10° | 55x10°
' Slope R squared | Ki 134x10’5_ 1o2x10’i 130x10’i 112x10’f
0.2f eror | Ko| 192x10™ | 527x10% | 56110 | 668107
5 . . . . . LI 3
al }] os 1 15 2 't T | 2 3 i 5
L sum | Kp| 88x10° | 363x10° | 69x10° [ 635x10°
(29 2] Acegdl o5 a o Lol A squared | K| 59107 | 115407 | 126<10° | 96x10°
eror | Ko | 456x10" | 12200" | 114a0™ | 513x10™
Aol 71717 HAAHANA HHe 28 g | 1D 4
a9 2014 B wpel o] &3 FAe] mA} 1} i 2 S L S
E}-IHO]X]% O]U:H EﬂEE‘r%](dead tlme L J/]_ ‘/'F‘X]:‘T sum Kp 597XIQ 622><107 275><107 8.4x10
sol WA a b AYAL o grEe £ 1o Ag [ swnd K 0100 | 650 | ALI0T | 10810
Se PID Ao AANGE FoA 2 emor | Ko) 53007 | 50T | 5407 | 6407
s L 5
[3 1] Ziegler-Nichols Al&-g-g ol €g PID #loj7] w74 2h 2 5 3 5 4 0 5 5
Ke| 500" | 626:10° | 324x10° | #4x10
Controller K T Ty - = - =
o e squared | Ki | 80510° 4.76><105 100107 | 1664107
br 09/ AL eror | Ko| 515<10™ | 520" | 890" | 518x10"
J/sa
PID 12 2L 05L ]
/a Kegtol = 45, Kol 5-3, Kp 3-5 727} o3
b VE e FERAE L 5 Uk wEbd oy E
23 dds 2y T2 49 T2E AEste] ALgasih
273 3] W (neural network)S A AZAE A7 A
FE(neuron)ell oJaf <1oje] ¥ N A4 I33E = 3. Al2do|Md ¥ Hn D
g4 M A9 IS E mapping st o= A7
T slem, WH R E® 3% mapping 5% JX20, Jx40, Jx60, Jx80, Jx100& AEE el A9
el 4371, 2, M 5, A4, HA5 59 cuwow 1La Ao}y uAMEZ A E 2o
O A~EEr
Ied 732+ A sherol ARgEITh R45E AR A7)

- 459 -



2009 St=Arst)| &8t

3000
2500+
2000
£
=
1500
1000+

500

- . step response -
+ : neural network

4000

0.2 0.4 0.6 0.8 1
Time(second)

(29 4] Jx409] W SH=A

3500
3000
2500

§ 2000
15001
1000}

500/

- : step response -
+ : neural network

o

0.2 0.4 056 08 1
Time(second)

[28 5] Jx809] H]u &=

oloj = Melg B3} Jx30, Jx700 A A

L3l Aoy WMNHETE T2ZAA

doltk. Ao Hetoae 2173
s =

L oo rLe
= LU EAY &=

wS Kl o >

o

0.2 04 0.6 0.8 1
Time(second)

(9 6] Jx309] k=4

3500

3000+

2500

2000+

m

e
1500+
1000+

500

0 0.2 04 0.6 0.8 1
Time(second)

(28 7] J<709) $5341

=2
o
o)
>
[>

i)

Im
o,
o

2= dFdAE AdSEH
W3l 5e Frrel e AE mHEE
g FS olgdl AAIRTS AT E
A JFARSEIA] PID Alol7] wilH S REEE
A4 dSS HoFA webA AAlE 7S §F
7 W3 8w vlg ATz FuliEE oy LS
AT F Ads Aolgt AtrETh

2% D2

o

[1] J.GZiegler and N.B.Nichols, “Optimum settings
for Automatic controller’, Trans, ASME, 64,
pp.759-768, 1999.

[2] Jr. W. M. Hawk, “A self-tuning, self-contained
PID Controller”, Procs, pp. 838-842, 2001.

[3] KJ. Astrom and T.Higglund, “Automatic tuning
of PID controllers”, Instrumant Society of America,
2003.

[4] C. C. Hang, K. J. Astrom “Refinements of the
Ziegler-Nichols tuning formula” Proc.IEE,
Pt.D., vol. 138, pp.111-118, 1991

[5] J. M. Zurada, “Introduction to artificial neural
systems”, Info Access Distribution Pte Ltd, 2005.

[6] Narendra, K. S and Mkhopadhhyay, S.
“Intelligent control wusing neural networks”,

IEEE Control syst. pp.11-18, 2007.

- 460 -



