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PID design based on Maclaurin expansion and its model-free auto-tuning

YANG Qi-wen, YANG Wai-ling, XUE Yun-can, YU Fu-xiang, YANG Yuan-hui
(a. College of Computer and Information, b. Jiangsu Key Laboratory of Power Transmission and Distribution
Equipment Technology, Hohai University, Changzhou 213022, China. Correspondent: YANG Qi-wen, E-mail:

qwyang2k @yahoo.com.cn)

Abstract: A method of auto-tuning for PID controller based on the desired model is presented for the stable plant in this
paper. No model of controlled plants is needed by using the proposed method. The tuning of PID controller is formulated
by using the Maclaurin expansion. The model-free auto-tuning of PID controller is implemented during the open loop step

response. Simulation results show that the resulting PID controller is capable of enhancing the control performance for

high-order plant effectively, and the proposed method has a strong robustness even under noise condition.

Key words: PID; model-free; self-tuning; Maclaurin expansion

—

1 51 5

PID & — B W F )iz i 2 il #8101 vh PID 8
2 A% 0 ) 2 — R SO e, 124 b, O3
TV 2 Tk ARG #5715 Z-N A1 Cohen-
Coon V%5, T 52 B2 HLEL 1 J5y R, JLPE pe A B 22
HEL BRI (IMC) $ AR 2 7 Smith T #% J52 2 AL i
b R K 1) AT BAAT AR e AR B AN AR AV L ISR R G
) 45 1) - B, A8 e el 1 Sk R Y 22 IMC-PID
g FEES JLA R AR BT A o UE AL 4% g
IAE Fl ITAEU-8I45 3 22 U 4R Aok 4 € PID 24 2
— PP B 5 T I R g v A — i v
Hir J& (FOPDT) 8% — B 46 P4 i 4l iy J5 (SOPDT) #5228 2y
WEFUN GO, B0 G ok m BRI, Rk T7 ik
HESE ¥ PID o234 BLAL 2 il R 00,

Astrom &5 N 4 R i AH B& e #y B2 ok v i

Yis BER:
HEEWA:
TEZ BN

2010-02-10; f&[e] HH#A: 2010-07-13.

STV RIS

PID, Jf i i 4% L 2% 2 5t 1f 7 v SE B T PID H 4
SEN2 31 RO I 5 Dk O T R AR AR b AT 5
R ABATAFAERSE R v R, i AR AR e 4R T S5
HE A PE R R bR AR 06 R AR 5%, R RAE R E 4
FEBEvE PID, 4843k i = i F (1) Fi 5 Js 00T, 4k v 3%
H R E (1) ) — AR e BURIUCE 2 MRS B, 7
L2 kAR R, BERIN T A R R A e,
KT B iR,

1T bl R 1 52 et R 2 A AR AT AE, Jik
TR L (1) PID 76— & F2JE By 7 st e
(V) A RV TR 3 I 42 1 B R 4161 2 1R K F
J5£ B AR ARG A3 ) 4 15 I e AR AR (g Al vk, (K
VP2 T f2, AN ARIEA R D FR, — g
SR A ) 4 20 T DA A2 2R G I 4 o e R,
AL, A SC A BT Maclaurin &I, EF5%F B 7 I %2,
Ea s i U W UK A NE R 3 a7 A R B U DA 3

K HARFIFILLETHE (61074056); 11753448 FARRF-IE 4100 H (BK2010201).
MiJE 30(1969—), B, Bl #iz, NI 5 R BRI SR 9T s BHANS (1987 —), %, Wl +/E, Wiy fl 2 ig



612

K

& * % 26 %

ITF IR R MR N, ST AR B4 AF 1) PID 4 A
B, A OB G T REIN () 4K r B e R
2 FF Maclaurin & JT[f) PID %11 5

FH T IF A PR A, B4 %o G I A 3 R IO S — A
A B4y A I, A D225 R H Pade 18 1T 5% Taylor J&
FEHG I3 R 1 e~ 0% AT BRALATBL. (HIX PP Bl AT i
D18 AR G RIS DR T I A A0 A Ak 3 7 92 L
TEA IR /S 3 i R 4221

N T E G 1A ), Leel R | —Fl Maclaurin i
TEI T3 3, 0 B s s DAL 71 P (0 s o A A B AT —
WA BEIE I, Wi H—Fh IMC-Maclaurin PID 5 i 25,

hy B DR A T 9 e T — b R o 45 R S IR, A
w1 BT S B R RO R g, R R o %
G (s) Sl A Fe /WL IR Py, (s) RIS /N A 3R 1Y
Pa(s) (& ISR P4y, B

Gp(s) = Pu(s)Pa(s),

HIH 2 Pa(0) = 1. X5 T4 5 I AR AL 36 iR 5

_Y(s) _ Pals)
)= R T e )
AR Ge(s) AT Rk —Fh AR il 4544, BRI
Gu(s) = — Lm )

()\S + 1)r — PA(S),
ARG AT RO\ Y.

R(s) Y(s)
- iR

E1 RS ZES

Bk Go(s) TRR A
Ge(s) = f(s)/s,
_ sPy' (s)
1) = ) = Pate)
FIE [ B GL0) = Pn(0) # 0, ¥ f(s) BEAT
Maclaurin & FF Ji5, #5258 80 kg — A~ £ I = I B
Y

Ge(s) = [£(0) + sf'(0) +0.55* f(0) +---]/s.
HCHCHT 3 AT, W G (s) A PID £ Hil%, B

1
GC:KP(1+ T +Tds),

£1(0), Ty = £'(0)/ £(0),

K, =

Ta = 0.5f"(0)/£"(0). (D

TERE PN S A RT3 1, IR 5k & £(0),
f/(0) 1 f(0).

3 T Maclaurin /2 JF 1 PID LA R g5 3%

FIH Lee 7 ik % v R 4¢, 75 B B0 %1

BOE R X AR TR N S E vl 2 A, an 75 4

BB AR I 25 g A S RO R AR X LR — Ff R
RIMBE TR LB PID FGE.

3.1 MR PID BES*
IR BB HAT N — OB
o) = e @
Hrp

N(8) =bms+bp_15™ 1+ Fbis+1,
D(s) = ans +an_15" ' 4 +ais+ 1.
S8 a;(i = 1,2, ,n) Fb;(j = 1,2,--- ,m) IR HR
GiPEReFRbRESR AT
B R R, B8 Go(s) iTRR N

s
G = G @0 o) ~ s
ok
)
18 = g o - s@/s

e A% G,(0)£0, H ¢(0)=1, ¥ f(s) 4T
Maclaurin J& JF J&5, BURT 3 T4 A 443 ) 45 4% 326 R 4, T
e Ge(s) 5= (1) BE. SR

T;
=g o0
_ ¢"(0)  Gy(0)
1200550 " ¢,0
oo L [2702 GO0 ¢"(0)]  Gyl0)
TT9T 20002 G,(0)  36(0)|  G,(0)
3)

Hr
¢'(0) = b1 — a1 — 0,
¢"(0) = 0(6 — 2b1) + 2(b — az) — 2a1¢'(0),
¢""(0) = —6a2¢'(0) — 3a1¢"(0)—
0(0% — 3b160 + 6by) + 6(b3 —az). (4
12X (3) 01, g B 445 0 BB R AT O 3
MBHLG,L(0), G, (0) F1GY(0), PID ZHUfH il ff 5
3.2 BT FIRKYERNE B PID B ¥ E S
wn B Pk, T UHE PID 24, EAE G,(0),
G, (0) F1 Gy (0). % ik, Ramasamy!'8UF AL 2 ) ik e
Wi J8 R T 550X 3 AN B B SC IR B & H AR i
oF KD P e S ARSI, PRIk, AR SO — R T T
AT BRI L FR) 1 0 7%, MABEARE X 52 (10 A R
NAF B ABHEEL G, (0), G (0) F1GL(0).
WINRAE 5 M U(s) = A/s, Horp AN K ET A
WRAEL, DR 420 S 1) i Ry
Y (s) =U(s)Gp(s) = AGp(s)/s.
HH 7 AR 58 S P AR H G 7 i 3 DL S S0y e
S INCIE G



M e 3 % A F Maclaurin & FF 49 PID &3t 5 LARA f &2 613

5 4 3
Gy(0) = 5 T (sY () = & Jim [y(5) ~ y(0)],
G(0) = 5 lim[sY () =
2t ([ ty(r)ar) ()]
@(0) =  lim[sY ()] =

i [ra0-2 o]

— A DL, ek — AT BRI A J5, B 4
B R W) A g K BUAR A, GR(0), G, (0) TG (0) A
N RIA % B IFRES. SRR, AP BB i R A R
4 FEHR

DA FOPDT Al iy B % % Ay 45, 2% 524 30 H 48 i
R E R, IF 5 oAl T VAT LR,

4.1 {KMER
TR G AR g
30625
Gp(s) = 0.5§ T
HA SR ) P PR A 12 pR B A
e—QS
o) = Tos 1

Pl 2(a) A I I 4 e A R 261 G (0), GY,(0) A
G7/(0) Bt 1] 22 4k (1 1 2 181 2(b) 2 PID =2 K i I}
HARAL R 2. 24 ¢ > 10s I, PID SHILAE E.

200

100}

0

G,(0),G,(0).G,(0)

-100
0
t/s

1.2

= 0.8}

t/s
(b) K, T, T,

2 KERFEEE

7% B (1 TF IR B RS g () N —ANBE AL
W R IR 4 0.01, KA R 3 4 0.01 s (G F Matlab (1)
Simulink FREEIEAT 5 £0). BEHT, G,(0), G4,(0) F1 G(0)
B IS 1] A% Ak 1 il 26 0 P9 3(a) BT s, B B 3(a) 1T LA
H, B X G (0) TR 5% W 5 R, R ) 2 A I i) £ 1
o, L0 I AR AR AR ) B4, T HL e s LA S (E 1
+200%. IXFPIEUL T, Ui RAST e 7S BEAT R, B vk

14242 PID 44

T IR e FE T B RESE R R, N — AN
AT/ (s + 1), 2333 GR(0), G,,(0) F1 Gy (0) BEAT UE
W, AR 45 T 3(b) BioR. ol LA L, 2 BN 1
Gp(0), G},(0) F1 Gy (0) HIER HATIRBF 1191

500
-- G0

3001

100

G ,(0),G,(0),G,(0)

-100
0

t/s

200F

100}

G,(0), G(0),G,(0)

-100

t/s
(a) V&IPS

El3 BERETHMEETE
K145 H T ARIJTER PID H 2 5e 45 1. N g4

X G ICAT -1 2 R, i Le BEE (1 PID 5 A SCH
HE5E PID SE AT [A). 4 B8 A- A2 e 75 T 0, U8

S IR 38 2 R 5 ok PR NI 1 3 e & AR ZE AN K.
#*1 PIDi&E
eIk K, T; Ta A AR
Leel%! 0.0117  1.125  0.2546 Lee
ITAEB!  0.0102 09116 0.5345 ITAE
Z-NI8l 0.01 4 1 Z-N
Jo g 0.0117  1.125  0.2546 Yangl
Mg 0.0119 1.14 0.2431 Yang2
1.
0.8
=~ 0.6
=04
0.2
0
0

4 BfvERNE 2 EL A

445 T UM T VAR B R N 2. 18] 4 ]
DL th, £ ML) Z-N J7ik s R e 72, odk i ITAE J7 %
K2, A7k (Yangl A Yang2) #4830 fc . R
PEHIAS Yang2 /& 70 e A5 454 R H 3808 A, (H# 361 3%
FATS4 NIl .



614 i # 5 S ® %26 %
42 SHRE 32(2): 76-81.
LA ar YRl (Yin X B, Zhou Y X. Taylor and Pade IMC-PID[J]. J of
G, (s) = 1 Kunming University of Science and Technology: Science
P (s+1)5 and Technology, 2006, 32(2): 76-81.)

Qe i ST SRR (1) i i I ], 7 A B S 1 T
S NUNTRUTINA S S (R W N e B i (VR R i/ T I T
T (1) PH A 3 bR 5] Tk
e
o(s) = 3s+1°
K245 TAXPID HEE s R, T 54k ds

—S

FGEHEAT LR, 32 2 il 51 T HoAth 9 Fob 4k L 2% S
1t 5 #EE 1 PID 25 3.

*£2 PIDEE

e Iy K, T T P AR A4 R
AL 1.031 4125  1.449 Yang
Padhy!’  1.1734  3.847 0.8857 Padhy
Jeng!™! 1207 3651 0913 Jeng

5 AN TR] B 3 5 PID (1) B 2K i B K Bt B 340
BPEREXT L (P S A RAE 0.05 IR R A5 5. Xt Lk
&b SRR W, A S 5 R 2 4 v N S T R I R ) A
£, o sh vk ae 5 A B A PID AHAL.

127 ¥
| N 1
0.8
S
= i
i -- Yang
041 R Jeng
Il —Padhy
0 i n i
0 10 20 30 40 50
t/s
5 SR PID =511 88 ELER
5 4

A SCH) FH Maclaurin JEFF, 4 BRI 4G H T —
R TG RUR A 1) PID H g A4 2C, Ha idk 11 B BR i Y.
SEIL T PID Z 4001 A vt . AR ISR, i
SRR, B REE A AT SRAT A A T AR A 2 AL
EH T B 420 S IR0 N A B R R B, R G T 4k LS S Tt
HEE TR R AR 7 kR, AT TR S TR
TR B I A I AS 2 . AR PR S 45 ) R 4t
b RSO EAR B T B (R 3R IR e

£ 2 3Lk (References)

[1] Astrom K J, Hagglund T. The future of PID control[J].
Control Engineering Practice, 2001, 9(11): 1163-1175.

[2] LiDazi, Zeng Fanyou, Jin Qibing, et al. Applications of an
IMC based PID controller tuning strategy in atmospheric
and vacuum distillation units[J]. Nonlinear Analysis: Real
World Applications, 2009, 10(5): 2729-2739.

Foek, V. 2T Taylor #1 Pade AEIEIT (19 5 R 40

IMC-PID W} 5% [J]. E& W B Tk 22 2= 4 B TR, 2006,

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

Vilanova R. IMC based robust PID design:
guidelines and automatic tuning[J]. J of Process Control,
2008, 18(1): 61-70.

Lee Y, Park S, Lee M, et al. PID controller tuning for

Tuning

desired closed-loop responses for SI/SO systems[J]. J of
Anmerican Institute of Chemical Engineering, 1998, 44(1):
106-115.

Rames C Panda, Yu Cheng-Ching, Huang Hsiao-Ping. PID
tuning rules for SOPDT systems: Review and some new
results[J]. ISA Transactions, 2004, 43(2): 283-295.

TR, AR, BENERN. A& T ITAE 4R B 1) PID 2404 ¢
JPiRECERIT AT, oh I H L LR 274, 2003, 23(8): 206-
210.

(XuF, Li D H, Xue Y L. Comparing and optimum seeking
of PID tuning methods on ITAE index[J]. Proc of the
CSEE, 2003, 23(8): 206-210.)

TRARRE, TIEAR, kB4, 5. PID ¥ #1385 2501 ITAE &
EBOE AR ARAERA 2R ARBFERR, 2005, 26(8):
755-758.

(Zhang F B, Wang G D, Zhang D H, et al. Optimal ITAE
tuning formulae for parameters of PID controller[J]. J of
Northeastern University: Natural Science, 2005, 26(8):
755-758.)

Madhuranthakam C R, Elkamel A, Budman H. Optimal
tuning of PID controllers for FOPTD, SOPTD and
SOPTD with lead processes[J]. Chemical Engineering and
Processing, 2008, 47(2): 251-264.

Malwatkar G M, Sonawane S H, Waghmare L M. Tuning
PID controllers for higher-order oscillatory systems with
improved performance[J]. ISA Transactions, 2009, 48(3):
347-353.

Lee Ching-Hung. A survey of PID controller design based
on gain and phase margins[J]. Int J of Computational
Cognition, 2004, 2(3): 63-100.

Hang C C, Astrom K J, Wang Q G. Relay feedback auto-
tuning of process controllers: A tutorial review[J]. J of
Process Control, 2002, 12(1): 143-162.

Kumar Padhy P, Majhi S. Improved automatic tuning of
PID controller for stable processes[J]. ISA Transactions,
2009, 48(4): 423-4217.

MR 3C, RS, i Al S22 40 PID f) Hebb 2% > 2 [J].
TN AR, 2008, 29(2): 392-395.

(Yang Q W, Chen H, Xue Y C. Hebbian learning control
of PID with single Parameter[J]. Chinese J of Scientific
Instrument, 2008, 29(2): 392-395.) (T4 %618W)



