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PID Learning Method using Gradient Approach for Optimal Control

Yoon Kyu Lim*, and Byeong Mook Chung**

ABSTRACT

PID control is widely used in industrial areas, but it is not easy to tune PID gains for an optimal control.
The proposed learning method is to tune PID gains using the gradient approach. We use two estimation
functions in this method : one is an error function for tuning of PID gains, and the other is a performance
measuring function for a completion of learning. This paper shows that optimal PID controllers can be
acquired when this learning method is applied to 10 systems with different natural frequencies and damping
ratios.
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Table 1 Values of system parameter.
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Fig. 1 Block diagram of PID control.

182

HOM BFo] Ao} AL Ao} 442 PID

AQ gl &8 A o] Aot B 5

oz

2457] AeiAe 107 2ol FARLE 4
s,

KB =% e(B)? (10)

e PID Aoj71E AAEY] A 2(10)
o £AFFE Hagsor ot PID 2zt A
o s SXEgrE HrdEe 717U S AR
3t A 11)-(13)°) JERR AT

) ()
aK o~ 2 (an
o OIA)
4K 4 K, (12)
Ao — 2SR (13)
ode BHIFE ALy 9ste] Zzte)
PID AL S&et BEe guad ojng 4
Jate 2141167 2ol terd 4 Aok,
4K, o &h)-2KR. (14)
4K, o e(k)e'(k)—giﬁ(% (15)
AK; o< e(k) f e(t)aft~1(Lk)l (16)
A(14)-(16)°] TR Aj2" FFH i3 4
o Ao DB go xxgo) wx 37 EE
UE i FreE 20k WA gone e

FEo A Fi ggstdE FHAGE o
AN2Ee T x ZF7t Al2"o|BR theu o] &

q4g & 9t
AK,= 7e*(k) an
4K ;= ne(k) e(k) (18)
k
K= ”fo e(Dadt (19)

o714 pE PID AlRle] hd sts&oltt. a4
A4 AL A i FHHY pD AYE 27
As g 2140 AxAM FAZH(local minimum)
o wWx7] Ak g Agte] e AHol Ut
SR stE @A A S FA) s g 7hZ o)
Zlota]  # A o P1D7ﬂ°]° e F doy g
Alzto] o] Adde dAo] ¢t ¥z
e e AR 740] %51 3tk 21(17)-(19)90



e

LR

AL T3 A Agd AE

218te] PID Ao} AL £ Q=L PID A
o] AL 2(20)-22)st Zol & 5 Utk

K (kt1)=K,(k)+ 2K, (20)
KL{k+1)=K,(b+ 2K, 1))
K(k+1)=K,(b+ oK, 22)

Aelste o] g9
Fadd Ty Agd
54 g oldste e W
F7] vt dgo] IPHE A=
& At e WY A=t Hud W g5s
Fa3Y. g Ay A=E #Austr] YsiME
Aol719) 45 B7hske BIt 71Ee] Slojof
ot ometxd B eRdAMe 2w SEARS
AZy, A AZE H3 A7 evls)el &2 HU)
5 gkem Aolgn o) fol Fg £5 Aol

2 ongth o|& e vehid

1=> system a

- 2=> systemb

- 3=> system ¢
— 4=> system &
-- B=> system e

]

—— t=> system {
-- 2=> systemg
- 3=>systemh

— 4=> system i
-- 5=> system

Bl
S

Fig. 3 Response of system F~J before learning.
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Table 2 Initial estimation value.

System| A| B|C|D|E|F|G|H|T]|]J

Est |7.12{1.1310.61(0.46|0.54|8.45|7.51|4.78{4.52|5.45
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Table 3 Learning conditions and learning performance.
System A B C D E F G H 1 J
Max. Input [N] | 1200 | 1900 | 900 | 300 | N [ 2100 | 400 | 200 | N N
ressszgse Leaming period [sec] | 0.1 | 0.1 | 01 | 02 | N | 01 | 01 | 03 | N | N
Lp %l | 99 | 96 | 78 | 30 | N | 99 | 80 | 42 | N N
mpulse Max. Input [N] | 1200 | 1900 | 1000 | 300 | N | 2000 | 2100 | 2100 | 800 | 500
response [Leaming period [secl | 0.1 | 0.1 | 01 | 01 | N | 04 | 0.6 | 35 | 45 | 78
Lp % | 99 | 96 | 78 [ 30 | N | 99 | 98 [ 97 | 84 | 77

Table 4 PID gains and iteration number

for maximum learning performance.

N A B C D E F G | H I J
K, 1.7 1.5 1.0 0.4 N 248 0.56 0.78 N N
Step K; 0.01 0.03 0.03 0.02 N 0.11 0.03 0.12 N N
response Kq 45.8 40.9 18.9 5.50 - N 42.5 5.65 2.68 N N
iteration No. 120 128 66 20 N 139 14 8 N N
K, 8.2 7.2 3.5 1.0 N 29.7 77.9 112.1 | 67.17 | 49.5
Impulse K; 0.35 0.32 0.16 0.04 N 5.60 20.9 15.3 7.98 4.65
response Ky 46.1 40.9 194 5.44 N 40.7 41.8 40.9 14.8 8.40
iteration No. 154 204 115 39 N 26 88 135 29 15
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Fig. 4 Learning performance for a Max. input in

system 'A’.

Fig. 5 Learning performance for a learning period

in system 'A'.
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Fig. 7 Response of system 'G' after learning.
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