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Self-Tuning PID Control of Systems with Time-Varying Delays
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Abstract- In this paper, we propose a self-tuning PID controller for unknown systems with
time-varying delay. Using pole placement equations, we derive the controller that can be
extended to the multi-step time delay case. The time-varying delays are estimated by a
prediction error delay method using multiple predictors. Since the order of the estimation
vector is not increased, the persistant exciting condition of control input is alleviated.
Since the least square method gives biased parameter estimates for colored noise cases, the
recursive instrumental variable method is used to estimate system parameters. The com-
putational burden of the proposed method is less than the conventional adaptive methods.
Computer simulations are performed to illustrate the efficiency of the proposed method.
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Fig. 2 Combination of self-tuning PID controller
and delay estimator

Al x| AAIZE0] Exsts AlaYe X2|&X= PIDHIY

4 2A7HE 104 S AHR,
H=PMNE[E (1, do))) (10)

A AR 24 FnelFe e 2o

i) 27| A9A)7} do’E off-linec s A=A

i) d=do'¥9v £8 717 HEHez Ag4 3
#

ili) dmin<do<dmaxgl 279 4,0 w3l 7}
A AEAEE T

V) E[e(t, d)]=7 3 ¢, do)

v) do=min{d, E[&*(¢, do)]} Vi) do’=4d,

A7l N e =S gAY A a4t
B(g™)e A4& ¥ Aol 3—4) F=7} Ada
o},

A QA7 4719 A7) FZ PIDA N E =27

Y@

c rer %0 300

a3 3 RIVE o[ &3 AdAIgte] 49 A% =}
7] & PIDale] (A& d #-&v] : 25dB)
(a) Al&d 29
(b) FA4d AlAd sia}e]g

Fig. 3 Self-tuning PID control for 4step delay
using RIV (S/N ratio:25dB)
(a) system output
(b) estimated system parameter

367



100 -

- I
o0 - :l
oo
0 -

B et oo o it e e e i e

20
—40 =
—80 -
-80

_i00 =

120 -

-140 =

~-180 =

~180 -

0 |
-220 -‘vmnnmmmrnmmmTlennifmnmnwﬁ

«© L)

2 e e o e !
1.8~ ﬁ%
4 H
1 S
wd
B ~
i O/ !
o8 *faﬁ b
N
A 13
! b
Q A - PR U ES.v |
08 e
: e . &
-1~ "
H A
vy
1.5 - .

2 AT IR T T I T T T O T T T AT T Ry T P ey e s s aav e
o kol 40 L

we A &

a8 4 AW AEAHE —’?‘Jg,‘ﬁ}z
2! 25dB, 27|

Z PIDAIo (A&
A A7 2)
(a) Al&=" 29
(b) 2438 29 shejo)¥

Fig. 4 Self-tuning PID control not estimating
tine varying delays (S/N ratio:25dB,
initial time delay:2)
(a) system output
(b} estimated system paramatar

& AAHe S vdebid 2728k 2

4. Al@dold o HE

233 3o AATG 2752 PIDA|]7)2} A
AdAzE 4 dxeEe £9 §9 SA4HL dotr
7] 94l ARMAX 2oz zmdalsle X282l A
7 ADA R Ze] 232 "Axn spAsn A4

7] Alglel AL #3ld
Alg™)=1-0.857¢"'+0.5484* (L1
B(g™')=1(0.381+0.31¢™") (11.2)
Clg™)=1-0.102¢7'+0.173¢~* (11.3)
d =2->3-»2—1-2—-3(50 step =} t}

%) (1. 4)

368

Trans, KIEE, Vol. 39, No. 4. APR. 1990

A A7+ IBM-PC/AT #AFH= 39y =223
2 43 stepd 300stepe @ 28w A FL= EA
yAdAE 12 3t dead beatdloj2, A|A® s}a)
ulE] 27| AL a=-0.5 @.=0.5, b,=0.5
51=0,52 AAH}HAt, 23 32 FAHEol EA)
3 Apod Al zhe] 49l Alxd ) 27 52 PIDA| ¢
z1e] Aol BEAg Bl Aeln ad 4+ A AAIZE
+ BASA de AL AdAzke] HEw AHoA
AR E AL 2ot 2y 58 4 AL
ZA 3= *lé‘%ﬁ |41 A4 Az 2] F
PIDA| o1 & #3 A& el Aeld, (b)zd

(12)’51-\1L 7o A3 2 (normalized error:
NE)& o| &3t 425 A3 Aol

o N

—_—

rlo PN

ne=18=0l=Dl (12)

2% 3 (@)% 29 AL HFY Adg o
AW 2] 7% A3E FAakn Yo, 29
sl 249 steuleel WEo A Az
274 AYEE A9 H3 o FUxel we
AR Axdel 2 4% A B % 4 g
depd 713 F8% BAEL A2 dejoiE oy
o Bag 24 Dok,

Unddy —i e~ ved i 3

it
B e o b g i o b
—10 ~ ; )

-2

—an— "?ﬁ \ i

Y
100 200 300



WEBE R 39% 49 1990 48

SO

34 R R
' | 1l M
| ;
1 "
L

al
3o0

Q
LR
L
8

ag 5 RIVE o83 AW XAz 334 =
7| %z PIDA|o} (Alz] Z-5¥] . 25dB)
(a) Al2® &8
(b) A2t
(€) 2HH A= g=n]H
d) A" AdA7t

Fig. 5 Estimation of time varying delays & self-
tuning PID control using RIV (S/N ratio:
25dB)
(a) system output
{(b) normalized error
(c) estimated system parameter
(d) estimated time delay

5. E

AL B§ ol4tAlelA sFEAHo| ALt
3=+ PIDAo}7] F2& 7Fxle A 5 WA

7152 PIDAIo) 7| & Al2me] AdA]zko] AlH<)
A2 el A dEFAEE TAIT AR
g FHshe AL FA7E =434 A
Hog A A A7g 7 E vl Aj2q
< A £ 9w A ArE At A

Al x| zio] ExstE AlAdY XTIEE PIDHO

2% sejely 2% vne

e olgated 24 Aol
2ol EAlga 237 sty
2 uHY SAL e £8 A7 Asges
MAgE Aad sebolsE 2462 238 4
24 sfelelHe SR $HAS olgeld YA
Wz Azde 3L Aske Ao A
S Alol7] chEAe Fasish AW AdAne
93 o&AE 5o oF A% Has) AN:
Ag AA Aoz HL 2 Y23
stelels wEe AU FAAAA GEozH
Adarel A7 AolgAe A% 371z2AE 9
sAze, #F dFHelol ¥ AAe AAARA
Alzdl setolEst SAlo] WAsge 47E A9

A7k 2H FA I

I

# z g #

[1] K.J. Astrom & B. Wittenmark, “On Self-
Tuning Regulators.” Automatica, Mar. 1973,

[2] D.W.Clarke & Gawthrop, “Self-tuning con-
troller.” Proc., IEE vol. 122, pp. 929-934, 1979

(3] K.]. Astrom & B. Wittenmark, “Self-
Tuning Controllers Based on Pole-Zero
Placement.” IEE Proc., vol. 127, no. 3, 1980.

[4] R.Ortega & R. Kelly, “PID Self-tuners:Some
Theoretical and Practical Aspects.” IEEE
Trans., Ind., Elec., vol. IE-31, no. 4, Nov,
1984.

[5] F.Cameron & D.E. Seborg, “A Self-tuning
Controller with a PID Structure.” Int. J.
Contr vol. 38, no. 2, 1983.

[6] G.C.Goodwin & K.S. Sin, “Adaptive control
of nonminimum phase systems.” IEEE Trans.
Automat. Contr., vol. AC-26, no. 2 Apr. 1981

[7]1 K.Y. Wong & M.M Beyoumi, “A Self-Tuning
Control Algorithm with Unknown Delay.”
IFAC Identification and system Parmeter
Estimation., 1982, Washington D.C.

(8] H.Kurz & W. Geodecke, “Digital Parameter
Control of Process with Unknown Dead
Time.” Automatica, vol. 17, no. 1, 1981,

(9] Ao, AFE, ARF, ¥F4, A9 A
AL FhAE oj4atd maAlsd AHEA
of.” A7 &3, 354, 1135, 1986,

[10] K.J. Astrém & B. Wittenmark, Computer

369



Trans, KIEE, Voi. 39, No. 4. APR. 1990

Controlled Systems Theory and Design. WA PIDA7] 527 % ALA 7ol B
Prentice Hall, Inc., 1384, QT " @8 £E, A, 1987, 8.
W] A&, “adads A2de g Ax =

370



