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Parameter Tuning of Fractional-order PI* Controllers
Based on Sensitivity Constraint
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(College of Electronic Information and Automation, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: This paper discusses the parameter tuning method of fractional-order PI* controllers based on sensitivity trans-
fer function constraint. According to the definition of sensitivity transfer function, in the plane of proportional-integral gains
of PI* controller, for fixed integral-order, the parameters of the controller are tuned by plotting the sensitivity bound ob-
tained via an algebraic derivation. The bound of sensitivity transfer function is directly related to the gain-margin and the

phase-margin of the system, which gives the information on the relative stability of the system. Simulation examples prove

that the designed PI* controller can achieve better dynamic performances and robustness.

Key words: fractional-order PI* controllers; sensitivity transfer functions; parameter tuning

OIEUGT ] 2R G R DTS AR 32 B2 1Y
SEPEN RIS B PID i 2R i B RAT
Y T ARRSE PR . ARPIT AL, AL CRE B T) PID #
il AR Tl i R i TR AT 1) . SR
K PID FE i, T TR A R, AT DU
% LB PID S 47 1) Sh A PERE A X S BB i) &
PRPE. R {ELAR A A A B AR D AR R RS E PR JEE
TE 2 ML T e R C T T R RIS, M
SIS Eh A YERE GRA i) BELHEAROC , TR (LA R U
RGN SRR B

ASSCIEHE TR A% 166 PR B 3 ST P 45 5%
WSRO E 7 k. AR 18 R R AR T IR
WEEAA AR (G R il — M RO 2R # 1

WFEHEE: 2014-07-11; f&EIHEH: 2014-09-17
BEETH: HRARBEELETIH (60874028)

Pl AR SR, I BB T IR
1 BB EERE

Z 8K 1 PR SISO MM U RS, Hid Gis) b
Pl g, o) MEEHIRE, R(s) NBHEWA, Y(s) A
i, E(s) MIRESIRZE. BUBHEH KRB S(s) 8 XN

E(s) 1
5= ) 1+ CO)G0) m
BIRERRENSE AT RGN, 5 8R
FitE S(jo) I ERME

M = max

s
[

(2)

1
1+C(ja))G(ja))‘

EEEN: HAER (1988—) , %, WHLERYIA, BILAIsA:; BIEEE . FlikE, #d%, wdejin56@sina.com.



+ 58 ¢

1 BARERS
Fig. 1 Unity feedback system

HY B E L, P Nyquist HZR 3] RSl A ia g A
(=1, 0) i e e B A 450 50, J R IR S 161 (1,
) FE—H, SCHR[7PH X (2) BB KAk T U ek
T30 B N O BBUERA% 328 PR BSGHFA T2

1
1+C(jo)G(jw)
A M>1. MR — 25, 2 M — e I, X0 G) BN
P RRIE 7

1+ C(jw)G(jw) =0 (4)
52 b, Q) B BBURAL 8 RN SN RS RGN
R EEE AR R 4 B AR

M
GM =201g K +201lg——— (5)
g ey

‘SM,V&)BO 3)

PM =2 arcsinL (6)
2M

A K =1 HRGERIJTERE 2. L, 3 G) AFEUE
Xt 28 B A 1Ry — b L IR (LA 38 R £ A 38 B it )
JERE, OB FURTE 2 N5 O OR 2 i
L 25 BT 5) A Ao SR A% 3ok e RSCEA 7 55, T2
TE T A SRR A TR

2 EHIRSHERE

B 1 AP R AL R ECH

NGS) o
D(s)

1. D(s) Al Ns) RS 25 L= 0
W A AT AR Pre it

Cls) =k, +S5 ®)
Kol k&, 5250 L B 25 FBUAM28 5 0< A<2
MR, R, 5t (8) MO BB £ 4
RS

Cs)=k, +%=x(1+%) )
S N

G(s)=

(7

Sl w5y =t WIS REACY

P

AEHEAREEE H308 FH20

L(s)=C(s)G(s) = x(1 +%) G(s) =x[G(s)+ yG,(s)]
S
(10)
Ah G0 =02 4= jo i
G(jw) = A(w)+ jB(w)
Gl (Ja)) = A1(w)+j31(w)
AR (10) ,
L(jo)=C(jo)G(jw) = x[G(jw)+ yG,(jw)] =
x(A+ yA)+ jlx(B+yB)] (11)
=L (3) n 15
1+ C(jo)G(jo)| =
fi(@)=1+Cio)G(jw)| - M, (12)
Lb v, =1/m? . A, f(e) TEH
f(@)=C+2xD+xE=0 (13)

1

M2

L

M

C=1-M,

D= A+ yA,

E=A"+B"+2(A44,+ BB)y+ (4’ +B’)y’
X (13) & LT —MRAERI, MR —RT, 55
BOLEE, £ (@) ISEIN/IME. BB AT 15

df (@
fz(w)=m=2(xDl+x2El)=0 14)
dw
Hrp
D, = A +y1211
E, = AA+ BB+ (AA + A4, + BB, + BB,) y +
(AIAI +BIBI)y2
P QY Ny |
{f](w) =0
f(@)=0
HEXE, 153
x = CE, — C(a0+a,y+2a2y2)3 (15)
DE-2DE, b,+by+b,y +b,y
Hrp
a,= AA+ BB
a, = AA + A A+ BB, + BB
a, = A A + BB,

b, = A(A* + B*)—2A(AA+ BB)

b, =2A(AA4 +BB)+ A (A* + B*)—2A(AA4, +
A A+ BB + B,B)—2A4,(AA+ BB)

b, = A(A’ + B?)+2A4,(AA + BB,) 2 A(A 4, +



201544 A

MR, 5. ST RURMLIE s B S B P15 B SR e ©59 -

BB)—2A4,(AA + A A+ BB, + B B)
by = A(A>+B?)-24/(A44 +BB)
B A5 AL A3) i f(w) =0, I TS
v 6 s
dy+dy+d,y’ +d,y’ +d,y*+d,y’ +d,y° =0
(16)

Hrp
d,=by +2A4ab, +Ca,’ (4> + B?)
d, = 2b,b, +2(a,b, A+ a,b, A, + a,b, A) +

2a,Cla,(A4 + BB,)+a,(4* + B*)]
d, = (b’ +2b,b,) +2(a,b, A +ba, A+ Aa,b, +

a,b 4 +ab,A)+Cla) (4> + B ) +a’ (4 +B*)+

4a,a,(AA + BB))+2a,a,(A* + B*)]
dy = 2(byby +b,b,) +2(a,b, A+ a,b, A+ a,b, A+ a,h, 4, +

a,b, A, +a,b, A )+ C[2a,’ (A4, + BB,) +

2a,a,(A° + B’)+4a,a,(AA + BB))+2a,a,(4* + B*)]
d, = (b, +2b,b,) +2(ab, A+ a,b,a+ayb, A +ab, 4 +

ab 4)+Cla’ (4> +B ) +a, (A4 +B*)+

2a,a, (A12 +15’12)-i-4ala2 (44, + BB))]
d, =2b,b, +2(a,b;A+ab,;A +a,b,A4)+

C[2a,’ (A4, + BB,)+2a,a,(A* + B})]
d,=b +2a,b,4 +a,’C(4’ +B>)
FIHE AN I RS EO (x, y) « R Y R R AR A
o, f#XTF vy 1 6 OrEE (16) , 311 6 M, 735k
A A5) AR x . R)E, RS E0E 4 =
k,=x, k =xy ISSHONT (k,, k) . Frifs 2w
FEVEIESERE W (B M — o T 153) A5 R, Xt
I Y PRI A ATARTE L, ZH00 (k (@), k (0) ) TERE
P2z Hh — S R RS 1 BRI M>1 il 2.

3 {FEHI

% B KA A ek R

1.6
G §) = —20s
)= 05 41¢

1 FRTERI RS, R (8) 457 I 4r 4k
By PI* Fis il 4% , SCHR[8]1HE T PI* 5l #8 20 BB Ik A
55 Chy, ke, ) Y THT 2 8088 3l 19 1T B K/ 22 ) 1 5%
2, R A UM, B sOn UK. =02,
ARPERT P e, EBUR R M AE, W45 (k&)
i _E RSB E, R 2 PR, B
UM =8 F1 M =1.46 , V& ARG E BN () SEEUfif i 22

g 2 ARSI TR, AR (5) Fi=X
(6) , M =1.46 X AHMAREELIN 40°, IR{EA LY
9 11 dB. W M =1.46 BIHIERIBUS 4 (WK 3) , FEAEH
LNTEIL B, o IVERTERI ., a4 Fros. BT
B sSOF IO AH AR BE K, A N 4 B R e L 7 S 9
N 53Ah, TSI R BRI (A=02) , B
BRI I A7 AE— o AR A TR 22, W] ISR A )y i 61 7
M.

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

N\
1 1 1 LS\ N1

0
-10 8 -6 -4 -2 0 2 4 6 8 10
k

P

B2 T EMIHASHRAR

Fig. 2 Sensitivity constraint for different M/
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Fig. 3 Sensitivity constraint for M = 1.46
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Fig.4 Step responses corresponding to A and B
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