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An Optimal Tuning Method of PID Controller Parameters

LIU Ning"? CHAI Tian-You"?

Abstract In this paper, a tuning method of PID (proportional-integral-derivative) controller parameters is pro-
posed for class A controlled object with critical point and class B controlled object without critical point using the
frequency and gain of the point at which its phase is —180° and —120° respectively. The frequency and gain of
the controlled object at which its phase is —180° or —120° are obtained based on Tchebyshev polynomial and
fractional order integrator, and the gain-integrator-delay model is established for the controlled object. Taking the
minimum sum of squares of tracking error (SSE) under load disturbance as the optimization objective, and the max-
imum sensitivity and maximum complementary sensitivity as the constraint equations that give the closed-loop sys-
tem strong robustness, a tuning rule of the proportion, integral and differential parameters of PID controller is es-
tablished for two classes of plants based on the frequency and gain at which the phase is —180° and —120° re-
spectively. Through simulation and physical comparison experiments with other common PID control methods, the
superiority of the proposed method is demonstrated.
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1 pr 5 pr RIEARAREEAE UL 0, NN, FHN
pr M pr B 9 i 2 Wi, RTEE T AIC
(Akaike’s information criterion) #E I 1) 2 T
€ 7R g /N e SHOR T TTER 13 A 2R

AR RA B R0 FATERESER (59) B/
px F pr 113 (66) ~ (69) FTR.
A B R
= —0.02035, + 0.15075, — 0.340150 + 0.39  (66)
pr = 0.4560180 + 0.65 (67)
B R IEN R

pr = —0.04602,) 4 0.280%,, — 0.650120 + 0.67 (68)
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pr = 0.390129 + 0.25 (69)
B (51) ~ (53) i1, PID #2535 S50 1) 5 2 J Ay

Kp= "~ (70)
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2
T = ngTo (71)
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T 7pr
o= =55 T (72)

A B HR K, = Kigo, 0, = O1s0; B R %
KLp = Koo, 9@ = B120.

PID #1288 2808 e Fk T

1) SRHEE 1.1 A RIARLL s A% 0, FI3E a5 K, 1)
SRV, BEAE A BXE RR AT 0150 A K1s0, T4 B
X R RAF 0190 FIT K1 90.

2) £ A X R (66) F (67) K px 1 pr,
B B xR H R (68) A (69) 3K px Al pr, HI
(70) ~ (72) REL PID #5828 Kp « Ty M Tp.

SE 1.t oCik [33] AOEFE 3.5 WAN, A SERRA B
0 G i R KL (4) ERALESMNEA A, H PID
P ) BB AR AR (43) TSR BR ) 4 4% X6 G A o B A
(4) [PIA 2 ] 73 2

S 49 %
Gp(eje) *ép(ejo) ‘1‘ . 1+éol(eje) (73)
Gp(el?) T| | Gule)

MR AR ACTRFR (59) ~ (62) ATHEH Y PID 42 il %%
SRR E J7i8 (66) ~ (72) Fril ) PID & #5 v]
DU SEBR B 325 R AR e

2. ik PID SEURAEE R (X (66) ~ (72))
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ST HUF B R B, AT R B R S AR A0

3 {FEIE

K HH PID #5523 2500 B Z-N 350, N7
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151 1. SR SCHR [18) FAA EAR A
0.0329271 4 0.026922
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Cri(2) = T Ro1o-T 1 0.5488.2 (74)
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SKFSCHR [18] (TSRS R (74) 1) —180°
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4 0.0596 A1 11.6027 (XFMY 0159 = 1.0827 ), PID 4%
FESEKp . Ty M1 Tp N
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v(t) = (76)

T; = 0.5T50 = 5.8014
Tp = 0.125T 50 = 1.4503 (77)

KA ST RAF AR R (74) 19 —180° A
R RIS a8 K0 FIELTHIER 0150 9 0.0596 FH 1.0827,
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T M Tp -
PK

Kp = = 2.8490
180
2mpr
T, = Tp = 13.1319
180
T
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WS H R y(t) ) E PN u(t) (9 1 245 Bt ] 4 Table 1th Performznce tel\lla(lluatl(;)nz ol\fI elfr(ﬁ1 e(it) with
. — e € proposed metnod an - metno
5 . RH R AR 2 46 0HE 2 A (Sum of prop
absolute error, SAE)® 13477 1% % (Mean-square P PEREH bR
error, MSE) 5§ (A 75 1A 25 UL 1 . SAE MSE
N AL 3835.3081 0.0274
SAE = Z|ysp(]<:) —y(k)| (79) Z-N i 8004.8341 0.0479
k=1
N Hrfr N = 800.
1 ) HR K ik
MSE :Nz[ysp(k,) — y(k))2 (80) ‘ E‘ﬂl?ﬁjél\ 5 1 ﬂbl%tﬂ; i\fﬁqzliyﬁ/f
k=1 SRECHIAE RS (74) B9 —180° FH AL £ 14 25 A & #1155
. — — R (18] A, ERRACRY B AR T 2N %,
p b -y | SAE 1 MSE 2 A T 52.09% Fil 42.80%. 1X /&
o) b s K4 Z-NVE N B 240 B A I Kok REUE M,
L - ] R RAD RABE My, 43509 4.81 il 4.36, 6k H
LN S g (1) St o) M My (9 BARSE RO, A ST M M,
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K SCHR [15] B 7RG PR B (81) HY i — — Wl
—120° *H4ﬁ)f—iﬁ@ifu§f(120 *D}/Fﬁ%aqgoyﬂ 2.3581 - U‘g =1
232, PID #2#18S 8 Kp « Ty M Tp 7: 03 . Rk

Kp— cos?(10°) _ 041 I B TR E— 10 h 2 1 16 I8
Ki2o (a) RSO RT3, (1) S (o) (2%
1 (a) Curves of set value y,(¢) and output y(t) with
Tr = W12Otan(100) =0.024 the proposed method
o ‘ [ ‘ —
b= w — o 1074 (84) lw
w120 3,

W B SRR T = 0.001 s, B g% X 4 (81) S | | |
B, KA R4 3L —120° ARG AU R T
Koo M w190 J9 2.2856 A1 223.9, FFHMEE 0,40 (b) ASCITIERHN u(t) {12k
(0120 = wizoTo) A 0.2239, pc Flpr Ay 0.5425 () Crve of b o) it
0.3335, PID %l & 24 Kp « Ty MTp 7 /

_ PK Kl 8 ANTIEMBEM vsp(t) ST y(t) &
Kp = Kisg 02374 BN w(t) 2
2mprTh Fig.8 Curves of set value ysp(t), output y(¢t) and
T = m =0.0094 input w(t) with the proposed method
T
Tp = ZI = 0.0024 (85) ® 2 ARNINES IR [15]) J5iE FIRZ e(t) (INTEREVPAN

- Table 2 Performance evaluation of error e(t) with the

K STk [15] TES AR EE Ysp(t) proposed method and the method in reference [15]
?ﬁ?ﬁﬂﬂ%?ﬁﬂj y(t) &iﬁ)\ U(t) E]/‘] Hﬂ%ﬁ%%’]ﬁﬂ lgl 7 *D L VLR R
Kl 8 it SRR (79) # SAE F1 (80) # MSE % Wik SAE VSE
PR T PR 85 R an 3k 2 P, Fodfh v = 20000. S & 635.7247 0.0164

SCHk [15) 993.0357 0.0277
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FHAL R IE 28 K00 AR w1a 2 K FH 4K HL 15T S5
ISR I, S5ARSC A b, AR IR 2.
K6 JI X % (81) B —120° AHA 4 B3 25 K100
FIBZE w100 A Kiz0 = 2.26, wizo = 224.25, SCHR [15]
TIVEHIRZEN 4.16% M 3.34%, AT EHIRE N
1.12% A1 0.16%. BLAMCHR [15] 25125 %€ 1) PID 1%
il R G AL 18 BRI AE FAR JE R B 8 TR
ROARAE IR R GERIPLLEP . A S 41 3 50
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£
15 3. SR SCHR [14] B4 B

1
Gps(s) = (s +1)(0.1s + 1)(0.01s 4 1)(0.001s + 1)
(86)
ﬁ%ﬁ ysp<t) y‘j
I, ST<t<oT+L
enlt) = X (57

T
—1, 0T+ 5 <t <@+ )T

Wo=0,1, T=10s H1EHM3 () A:
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—0.5, 2s<t<5s
u(t) = {cos(QOt), 58<t<10s (88)
2sin(t)cos(20t), 10s <t
SRHSCHR [14] B77245 BIHHEXT R (86) HIFEA
HA2E Ko N 1, —180° AHAL A 28 K180 A1 1 Tigo
40.0091 A110.199, PID #8828 Kp . T 1 Tp

0.3—0.1)\*
Kp=——+——=232.8670
r Kigo
0.6T150
T = =0.11
I T 0.1173
0.15(1 — \)T1so
Th = —————— =0.02
b 1—0.95\ 0.0298 (89)

HH\ = Kis0/Ko.
BB R Ty = 0.01 s, B9 (86) B

Bk, R A SCO7 R A5 H —180° AH A A3 25

Kygo M Tiso 4 0.0135 A1 0.2003, B4 6,50

(6180 = 27Ty /Thso) 9 0.3136, pr M pr N 0.2989

#10.7861, PID IS Kp « Tr M Tp N

PK

Kp = — 92.1407
P Kigo
21 pr T
Ty = ZEPT20 o 1574
f180
T
Tp = ZI = 0.0394 (90)

K SCHR [14] 555 AR SCTTE R BEE yop(t) «
WAzt G () AN () 2R 4 Al i 9 A
10 fizw. SRA R (79) (19 SAE F12X (80) ) MSE %f
PRFP VR VRN 45 3k 3 Bis, Hidh NV = 2000.
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R 3 ARINEG SR [14] FETRE e(t) MYEREIEAN
Table 3 Performance evaluation of error e(t) with the
proposed method and the method in reference [14]

PERETR bR

SAE MSE

AL 142.6175 0.0473
SCHR [14] 176.5287 0.0536

HHE 9. 10 F15E 3 aTLLE H, A7 45
RORAR T 3CRik [14] 7515, SAE A MSE 4351l B#AI%
T 19.21% A1 11.75%. XK N Astrom ] PID 2
A 7 A AR T R R ZE AR 4 B/ AR
tete bR R IEH T PRI R, GRSt
A, ASREFRAR IR B R 22T, ARSI BRI R 27
Ffe/INILALFE AR AT DAAE $ 3P0 Bh A S AR b i A 2%
FRARERER R 22, (0P R A U 1) BRI M fe.

151 4. R FHSCHER [7) W05 LAY

—14 1
Gpa(s) = ﬁ (91)
BOEAH ysp(t) 19
2, ST <t<oT+ T
ysp(t) = 2 (92)

T
=2, 0T+ <t<(@+1)T

Wo=0,1, T =800s. HEM3N o) H:
0.2, 100s <t < 500
u(t) = {O.2cos(0.5t), 500s <t <800s

0.3sin(0.1¢)cos(0.5¢), 800s <t
(93)
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N 0.5, 153 PID #2388 Kp « Ty F1Tp A: - k e
Kp = aowz(l + ) — 0.92 0 500 - 1000 1500
0We (a) ARSCHVEMBEL v, (1) S y(t) Ik
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= w - the proposed method
(6]
(0%
Tp = — = 0.57 94
b (1+ a)w. (94)

BB RN T, = 0.1 s, BHHER R (91) B#L
. ARSI ERAFH: —180° A s 78 K150 £
B S 0,50 N 0.6608 F10.0899, px M1 pr 4 0.3622
F1°0.6854, PID 2628 S8 Kp  Tr F Tp N:
PK

Kp = — 0.5481
P Kigo
ompp T
T, = ZTPTI0 4 7879
0130
T
Tp = ZI = 1.1970 (95)

K SCHR [7) 7R S AT BRE A yap(t)
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16 000.
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input w(¢) with the method in reference [7]

HHE 11, 12 F13R 4 7 LLE 1 A SOk r 56|
R SCHR [7) W79, SAE Ml MSE 4 71 B
T 16.50% F1 5.64%. X &K N SCHik [7] e sh

0 500

0 500

1 000
Time /s

(b) ARSCTTEREIN u(t) ik
(b) Curve of input u(t) with
the proposed method

K12 ASCTFERBEE yep(r) SHIH y(1) &
BN w(t) (R
Fig.12  Curves of set value ysp(t), output y(¢) and

input wu(t) with the proposed method
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Table 4  Performance evaluation of error e(t) with the

proposed method and the method in reference [7]

N TEREFERR
e T
SAE MSE
AL 28889.3906 0.1806
Sk [7) 34598.9258 0.1914

AL 25 R EEAt TR AR Pzl . eI 2 A2
T, PEBULI & FOULI R 22 5200 PID $2 6] 4% F Pk
PERE.

4 YFPEsCIG

NS E BT R T VE B B, DA SR E SRR R
BN R T S. SE RS 13 BT, H
TRIMERS, WETENL, P+ S7-300 PLC #%
il R0, KA RFPAT IR LA KRPLATR
NFERIRI, AR, SRR T, = 15,
REEREHE T G N i B0, FRRUOE ARX B
wr:

y(k) = 0.720y(k — 1) + 0.872u(k — 2) +

0.871u(k — 3) (96)
WEEA:
2, 0T <t < 6T + Z
ysp(t) = 2 (97)

-2, 5T+%<t§(5+1)T
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76.33% F1 70.38%, X T Astrom J7i% SAE
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K5 ZREEE TR PID RIS

Table 5 PID controller parameters with
three tuning methods
PID &3
BEE T
Kp Tr Tp

Z-N % 0.3158 3.3412 0.8353

Astrom J5% 0.1377 2.6910 1.1111

A 0.0974 7.1364 1.7841
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Bl 14 Z-NIRHIBE M ysp (6) 54 WL y(t) K
7o AN w(t) PO A 22
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and air cooler frequency w(t) with Z-N method

300

Zoo| ), :
2 ol I\UA | \V U M HV“
1600:00 16:05:00 16:10:00 16:15:00 16:20:00
(a) Astrom TUHTTVEIBEEL v, (1) SR RIRE y(t) mihsk

(a) Curves of set value y,,(t) and cold air flow y(t) with
the optimization method proposed by Astrom

of =]
.
jani
—~
s 20
U 1
16:00:00 16:05:00 16:10:00 16:15:00 16:20:00

(b) Astrom fEALTTERIE KRNI w(t) 2k
(b) Curve of air cooler frequency u(t) with the
optimization method proposed by Astrom

K 15 Astrom AL TTEIIEEAE ysp (t) SR RIRE y(b)
Je Ve WHUS u(t) B ih 2
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Fig.16  Curves of set value ysp(t), cold air flow y(t)

and air cooler frequency w(t) with the proposed method

R 6 ZFIINETRZE e(t) KIVEREPEANY

Table 6 Performance evaluation of error e(t)
with the three methods
o PERETE AR
eIk
SAE MSE
Z-N % 37624.0129 1736.8307
Astrom 772 10905.8089 570.0473
AR 8904.2220 514.4361
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