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Design and Performance Analysis of PID type Controllers for Automatic Voltage
Regulator(AVR) System Based on i-PID, GPI and OCD Methods
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Abstract - This paper is concerned with applicability of a new type of controllers, called i-PID and GPI in which unknown
parts of the plant are taken into account without any modeling procedure, to automatic voltage regulator (AVR) system. First,
the procedure for applying i-PID and GPI algorithms to AVR system is proposed, which uses model reduction technique based
on the given information of AVR. Second, simulations are given to verify their effectiveness comparing to various PID
algorithms including PIDDZ2 which is four-term controller, that is, consisting of PID and second order derivative terms.
Superior response performances of i-PID and GPI in comparison to conventional PID controllers are shown. Moreover, i-PID
can highly improve the system robustness with respect to model uncertainties, especially to load variations.

Key Words : AVR (Automatic Voltage Regulator) System, i-PID (intelligent PID), GPI (General Proportional Integrator)
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Fig. 1 AVR system without controller
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Table 1 Transfer Functions of AVR system components

Parameter limits

AVR Transfer
component Function Gain Time constant
. pe ]('/I
Amplifier G (s)= ——— 10.0 < K, <40.0 0.02< 7, <0.1
Ts+1
. A,
Exciter G,(s)= - 1.0< K, <100 04<7, <01
T,s+
G t G,ls)= i 07< K, <10 1.0<7T,<20
enerator 987m T< K, <1 0<T,<2
S H(s) A, K, =1 0.001 < 7, < 0.06
ensor "‘S_Tserl = . <7T,<0.
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Hr BE HollA Hold ZIoR SQIErH[9].

TR QHFEE SHAZIA] = PIDD2
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Table 3 Performance of Frequency Response

PIDD2
N PID/GA
1 2 3 4 5
Time [s]
8 5 AVR E82Y
Fig. 5 Outputs
50 —iPID
------- ocp
PID/MOL
GPI
——PIDD2
) ) ) ——PID/GA
0 1 2 3 4 5
Time [s]
a8 6 (18 519 YyHuky
Fig. 6 Inputs for AVR
1.4 GPI
1 e T
09 ’!\PID/MOL
s F ; reference signal
o8
07 ocD
PIDD2
o f PID/GA
osf | s 1
0.2 0.4 0.6 0.8 1 1.2 14 1.6
Time [s]
a8 7 H=8Ee Sy
Fig. 7 Enlargement of output
E 2 H=SHY H5NES Hetg
Table 2 Performance Index and parameter values
PID parameters
Mp(% t I 1,
K KKy Foy P : ,
Ref.Sig. . H 0 0181 0373 0
i-PID + 27 27 9 v 3741 0141 0210 0276
GPI : = 112388 0161 0242 0.336
OCD 50.540 0.384 0.157 1.048 0424 0697 0.894
PIDD2 :2.778 1.852 0.999 0.739. 0 0202 0509 0
PID/MOLEO.585 0.418 0.177 1.298 0.363 0.638 0806
PID/GA 50.886 0.798 0.315 5782 0262 0422 0542
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Phase . . .
. . Gain Margin Bandwidth
Peal gain [dB] I\/([ggil)n (absolue) (rad/s)
i-PID= i 997 (16.29 r/s) 14.107 2.199. 25.95
GPI i 3953 (10.23 r/s) 88.07 19.17 23.65
PIDD2 :0.2742 (1963 r/s) 108.08 8.1154 41.32
OCD -0.066 (1 r/s) 180 25.56 6.428
PID/MOL: -0.0526 (1 r/s) 180 22.87 7.0548
PID/GA :0.6636 (6428 r/s) 93.12 12.78 12.3285
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