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Abstract

Abstract: Linear active disturbance rejection control has many parameters and it is difficult to obtain
appropriate parameters. Therefore, a quantum-behaved particle swarm optimization algorithm based on
cosine decreasing function is proposed in this article for searching optimal LADRC parameters. In this
algorithm, cosine decreasing function and updated equation of quantum-behaved particle swarm
optimization algorithm are combined. By using the variable characteristic of cosine decreasing function
with the increase of iteration times, the original global optimization ability of quantum particle swarm
optimization is retained and its poor local optimization ability is overcome. And the simulation results
show that the LADRC optimized by COSQPSO can suppress overshoot, reduce steady-state error, and has
strong anti-jamming ability.
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appropriate parameters. Therefore, a quantum-behaved particle swarm optimization algorithm based on
cosine decreasing function is proposed in this article for searching optimal LADRC parameters. In this
algorithm, cosine decreasing function and updated equation of quantum-behaved particle swarm
optimization algorithm are combined. By using the variable characteristic of cosine decreasing function
with the increase of iteration times, the original global optimization ability of quantum particle swarm
optimization is retained and its poor local optimization ability is overcome. And the simulation results
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Fig. 1 Two-order LADRC system structure

—Br LESO A :

[élzz+ﬂ1(yzl)

Ly =z3+ (¥ —z) + byu (1)

=Py —2z)
AH: zv 258 z3 N LESO WPIRESEE; Bir s B
AREHEZH 2t LESO #iEifi B En, 2.
v B ERER yo 3 fo

K 1 o LADRC f3% 622 40 R Fros:
Uy :kp(r_zl)_deZ (2)

_W~z5

by
i b, 1 Mason ~XEEBAHE 1 FIRRSA

[ PRI A% 128 oK 2
G- Gp(s)kp(s3 + 55" + Bos+ f55)

u

G)

b 4)
0 A(s) + G, (s)B(s)
ﬁ;qj’
A(s) =5 +(B +kd)S2 +(Biky + B, +k,)s
B(s) = (pk, + Pk, +By)s” +
(Bok, + Psky)s + Pk,
FHSCER[22] 7T A0, =
Bi=3wy, B, :35"5 v B =a)3 Q)
k,=a  ky =20, (6)

Xt o, WEEHIZHTE: o) AWIIEE % .
HRIE SCHR16]17T 51, @, 5wy FAAEW R IR R
@, =3~10 w, @)
KREAL 0y =3 @, , FTULE LRSI, B 1 AT

7~ LADRC #Hil#5 H R R /MR 2 40, 700

W, A R HRI R G LNE B I

Vol. 31 No. 10
Oct., 2019

J& @, F b N T LADRC KF% R AF45 I 8UR
AR COSQPSO AL L, Nk iR
LADRC SRt | —Fif R AT 7

3 COSQPSO H&EEE

3.1 QPSO #H&RE %

QPSO 72 H Sun 55 KK+ Hf 5% (Particle
Swarm Optimization, PSO)5 & FHIRMH LS A H
(>, 5 PSO HiAMIEL, HTETFHIBIIGIA,
FEFFRL T P AR 2 (R AT R, Pk
QPSO HE HA BRI &R R i

QPSO Sk BT RN :

mbest = %i pbest, =

i=1

1 (M M M
M(Z pbest,,, Z pbest,, ..., Z pbest,,.. J )
i=1 i=1

i=1

P =g x pbest +(1—¢) x gbest 9)
Xyt +1) =P+ Bx|mbest, — X, ()| x

In(1/ u) (10)
K@) H, mbest RFPFENTIIBIFALE R M
SRR T B  Dim J9RE T 4ER Phestpim
NEGE—gER T IR AR E . KOF, o
(0,171 B3 5150 A I BERLEL; pbest FI gbest 53 3R
AMARL T S ACAE AR BT AR i s LB . 32X
10)F, S ONBUELE[0, 112 [ 4 2 %, @it i
B AT DA SO B, o &R PR EIE N 2R
MWRALS, BHIM “+7 SHL“+7 1“7 B

Hih50%. — &, B HAAD)FE:

t

ﬂ=1—FxQ5 (11)

e TAmRIBAREG ¢ B ATEAREL.
gt b, FE4iH QPSO HikIFE W N His:
step 1: WIaH. B R 0E &S HUE

VuE, WEMBEEH . sREARE S WIGa kL 5L

B x;
step 2:  FHFREE R T W46 A0 B T ATUR

pbest. gbest;
step 3: ARFEZ(8)~(9) 7 i 5 mbest F1 P;

http: / www.china-simulation.com

* 2095 -

Published by Journal of System Simulation, 2019



Journal of System Simulation, Vol. 31 [2019], Iss. 10, Art. 15

3158 10
2019 4F 10 H

step 4: KiEH 3 ABTHREH mbest A1 P ARNFKE
THH A4, KREH x, pbest LI gbest;

step 5: EHIEIT LIRS, HEER RS
ARURE T B TR R

(D) PEL, 40 QPSO H M4 RS
IEARIRE AR A RGP R R, BARTES R AT LA
R A R POE I R T oK s (AR R G kT
ACAE S AR B I, BT 4R B AR T R e
SE I, TX 5T BORL T I8 2 1S B T A T 4 B
Ko BB PSS T K, MR T A RS
FO R RAE, FREOCIE R R G ACE . Hik
TG IXAN ), 752X QPSO Hk AT it
3.2 RILIBIRER B

LS QPSO TEIEARG AR LT AT 44
FIX— [ B, 6 AR R BT AR O FR 2k

7k, BAIERGT Fros:
p=1-cos((l1-¢t/T)n/2) (12)

Xt TONEIEREG ¢ 9 ATEAREL
SARADMLE, Sk 4 R B A
AET AR B S ERE LA BARLNER R A
FARIZATHTY, B RARKNEAR L PO U Sk, A A
T A R R AR T RO LR B ¢ A,
B AIAEAHE AR 2 B RN, 3K — SO R e T
Ly A 3 R R s I L AR 156 0L 08 T A
FE S AR LA AR R AR B e AU B 2 5 7k
(11) 5 2 2)3% H1l I 4R BR A 2 X LE -

1.0 =

el ———-Linear decreasing
S~ Cosine decreasing
0.8 S~
0.6 N -
0.4
0.2
0 L L L L
0 200 400 600 800 1 000
Generation

B2 T2 K ] S s bl
Fig. 2 Comparison of two control strategies for scaling
coefficient

RGTE AR

Journal of System Simulation

Vol. 31 No. 10
Oct., 2019

3.3 COSQPSO H&RE

HT QPSO MIZiBUR B RAEE , T EUHIE
SR A G B e AE . I — A, AL
2t COSQPSO At FH 2.

SHFARAG R, COSQPSO A 5 A 2t
X(A3)FrR:

X+ =Px[l-cos((1-¢t/T)x/2)]x

|mbestd - Xy (t)|><1n(1/u) (13)

A3 AT LLE , FERAEEIE AT R R
T, AETEREBEAE « ISE T, JF HARLE R
WiFWA L, ZKHEMRE T QPSO 4R RIIfE
73, Xl ¥ QPSO Fidkid Rl 25 oy ki e e
{ELFA i A

3.4 COSQPSO i+ HEZE T

BRI UT BT 4 P AU 4 2% ] 52 4% BE R ] 522
A PE . (A5 2% B F R FOR FETH B I R 4
A7t 23 1B ) RIS o AR STV FH A% 528 ik o 503
QPSO K B AR Y P4 R L, S8 TR
TR, AR I 5 A BE R 2B (1. FT A
TEARGESEAE T, XAEGE 2 RIS I HAZ

— ey, B IR 2 2 B S a4 T i R s ) Y
PUATIREA Ko TERATAETIEN T, QPSO MK
8] 52 25 PN O(tmaxtm®) (tmax NI KIERIKEL, n A
W IR, m AR, 5] AR SLIE I B
Bz 5, RORsUE 7 s AR R e s R Bt
73 FHERMIIERD IR R EEE T R
AP MEES QPSO HiEAHF .

3.5 COSQPSO 3256 R il ik

N T BiE COSQPSO Hyk A R, A0k
T 6 ANMARAENNR MR 2L, X B iR A BN TE V£
ARSI BE MR AR . A SR it e
YEFT . AR VRGBS R 2 B

TER 2, Bk fo MARMENER R £ oh, HRh
A AEMR R, 0 ARRREILEE. fiv Sy 5 S
NN f3 5 fo N IENA R AL

http: // www.china-simulation.com

* 2096 ¢

https://dc-china-simulation.researchcommons.org/journal/vol31/iss10/15
DOI: 10.16182/j.issn1004731x.joss.17-0415



Yu et al.: Optimized Linear ADRC Control for a Class of Fractional-Order Cha

3155 10
2019 4F 10 H

Hyk 5 PSO Hik. GSA HikLLK QPSO HikMtt
o FEAHFIMIA B R, L DU Rh B2 R i et
ERIRE ST, BUE 21 5 BV A ezl iR
SEVE SR AR RS PR

%2 bRAEIR R

Tab. 2 Standard test functions

MIRENER g WEVE  RE
fi(x)= i‘,xﬁ [-100,100]" 0

£,(x)=max {fx,, 1< i <}

ﬂm=i§%f

i=1 \_j=1

[-100,100]* 0

[-100,100]" 0

1 n ) n X
x)=——>» x’—| |cos| == |+1 [-600.6001" 0
fi(x) 4000;, I1 [%] [-600.,600]

i=1

fi(x) = i(l x, +0.5))° [-100,100]" 0

2
f;,(x):(x2 ——5'12 +ix1 —6) +
A’ & [-5,10]x
0.398
1 [0,15]
lO(l——jcosxl +10
8

W, A R HRI R G LNE B I

COSQPSO Z#iX B : P B E N 50,
B N=50. Z24EsRBM4EE n ¥h 30, SRR
91000, SRR R EGEAT 30 OB S5
T HMARS, FiEEME. WAL R R 3
fim, 2o PSO 155 GSA HE 45 3 B SCiHk[25)
gt
223 4 FPEIE SIS R

Tab. 3 Comparison of the experimental results of 4

algorithms
R PSO GAS QPSO  COSQPSO
p SEHE 1.80x107° 7.3x1071 5.59x107°  1.99x107!
odfE 1.20x10° 7.0x107" 8.18x10° 2.20x107'8
SEE S 8.1000  3.70x10°  7.59%x107  1.13x107°
Sz i 74000 3.70x10° 4.90x10° 1.01x107°
SEME 4.10x10° 0.16x10°  5.23x1070  2.36x107
s FAE 2.20%10°  0.15x10°  1.01x107"* 3.11x107"°
p SEME 0.0100  0.2900  0.0104 0.008 1
Yo 00081 00400  0.0221 0.007 9
SEME 1.6395  7.0x10°  2.88x10°° 0
fs A 15201 6.4x107*% 1.54x107 0
P M 03979 03979 0.3979 0.397
W 03979 03979 0.3979 0.397

Vol. 31 No. 10
Oct., 2019

M 3 SRR A R AT UG Y, AL HE
XFRREL fiv fo 0 fs AT AR, AR TR P E
ESEFIME, 1EFREE E#BEH R T PSO. GSA
F1 QPSO. *t-FEA% f5 A1 f3, COSQPSO [IkE & 5
QPSO ##¥, FHHIRRTF PSO. GSA. HRHELL L1
SIS 25 AT, R AR R A R 1S
ARG RIS P FH

4 HRELE
4.1 COSQPSO BESHRE

FIF COSQPSO HyFxt — 4 Byt R 4%
[¥] LADRC %l #5247 S ERALET, 5 R 245 4%
S RGEIRAE, ACKRMLEE T H bR AL

0= '[; [eitle(t)] + eyt |u(n)]]at (14)
e oy e bR Z G RLE B hsRE0h i
BUE, XHEA c=c,=0.5; t, NITEERERE: w()
NEEHIZ R e VAR S RGN RHE
AR 2

iEH COSQPSO [y KIEMKE Ly 1 000, Fh
BERUBL A 50, 478 R B H XA B=1-cos
((1-t/T)x/2) .

4.2 7EH Lorenz BIE RSt
ZEH 3 EBN Lorenz 1L R 4:
D'x=0(y—x)+u
Diy=x(p-z)=y+u, (15)
DFz=xy—fz+u,

RIMAFERE, B w=u=u=0 B, EISH
o =10, p =28, =83, T HH B IX ¢1=¢=¢3=0.993,
BRI RGUALTRIRE, RGUIRSWE 3 Fix.

5 0B Lorenz VRV RG M WIEE N[x y
z]'=[0.1 0.1 0.11", HIEhl2sSHnE 4 fin. 4
=10 s BPIINEEH], HAR2 M RGUA R4 5[0 0
01"s 24 =20 s It}, EIRZSAEE y FAIAGRIE N 0.01
izl WEsEm R MPiteE. EHlRERaE 4
Fi7R.

http: / www.china-simulation.com

* 2097 »

Published by Journal of System Simulation, 2019



Journal of System Simulation, Vol. 31 [2019], Iss. 10, Art. 15

3158 10
2019 4F 10 H

-20 x(t)
3 HEH Lorenz REUIRE

Fig. 3 States of fractional order Lorenz system

®4 MRAJE RS S

Tab. 4 Optimized controller parameters

RGTE AR

Journal of System Simulation

P 45 1 il 45 2 P8 3

bo 4.014 5 by, 3.12911 bos 4.254 6
o8 8.556 1 W 9.2158 W3 10.012

50

= OW

=0 5 10 15 20 25 30
t/s

50

-50

0 5 10 15 20 25 30
t/s
w0
0 5 10 15 20 25 30
t/s

(a) RGH

300 : :
50 ,Lﬁ
—3005 5 1015 20 25 30
t/s
300 :
S N
—3005 5 10 15 20 25 30
t/s
250
=0 'r
—2305 5 10 15 20 25 30
t/s

(b) FEHIEM

B4 7r30r Lorenz it R4t 1K) LADRC #2145 R,
Fig. 4 Control result of LADRC for fractional order Lorenz
chaotic system

Vol. 31 No. 10
Oct., 2019

ME s aTULEE, BRGMAERIRE, =4
IRAEBIRE PR AR T Tk, = AN B T ]
BIFE 25 LA, JEACR S 7 HAREHIRUIR . B RS
MABB G, x y WENHERAERE %54, 2
REMBEENIR N, 2N, 251, HT COSQPSO
1] LADRC =il 2% 7] LAXT 0 30F) Lorenz VRV R4t
S R A R ISR

RS HHW Lorenz Wit RG 7 45 R M
Tab. 5 Analysis of simulation results of fractional order
Lorenz chaotic system

DN $z il & i A S
KA EW =R R RS 8 =R W
A B/% B/% KEs R OBE%  R% KEs
x 1952 9921 145 x 025 9999 0
y 7250 9821 195 y 151 9775 0
z 6511 9988 140 =z - - 0

4.3 EHr Li B RS
ZIRHH L IR R 4
D'x=a(y—x)+u,
DPfy=—-xz+cy+u, (16)
Dbz =xy—bz+u,
ToiEH A AN, &S5 a,b,c]=[36,3,20],
SERH K [q1 ¢2 ¢317=[0.985 0.99 0.98]", I &%
A TIRTARASRY, RGORAWE 5 iR,

(1)

25X
0

n 25 T
) 50" 30 —20 ~10

K5 28 Li IBHERGRE

Fig. 5 States of fractional order Lii system

SPH Li R ARG MAIMAE X y 2]'=[0.2

http: // www.china-simulation.com

* 2098 »

https://dc-china-simulation.researchcommons.org/journal/vol31/iss10/15

DOI: 10.16182/j.issn1004731x.joss.17-0415



Yu et al.: Optimized Linear ADRC Control for a Class of Fractional-Order Cha

3155 10
2019 4F 10 H

0.5 031", HizHIBSHINE 6 Fix. 24 =10 s I

MNFEH,  H AR RSk FEA A0 0 0]7. 24

=20 s i), TEIRASZ & y BN TRE N 0.02 33,

MELI ) RGP ME . BRI IE 6 .
K6 MEMIERZRSH

Tab. 6 Optimized controller parameters

i % 1 P95 2 A% 3
bor 03117 by 4.520 3 bo3 5.668 4
(% 0.107 3 (%) 10.001 3 5.3806

50 T T
v 0 MM
-50 : : : : :
0 5 10 15 20 25 30
t/s
50
= 0 b MMMy
-50 : ‘ : ‘ ‘
0 5 10 15 20 25 30
t/s
50 T T T
oo AN
-50 : : : : :
0 5 10 15 20 25 30
t/s
(a) ARG
0.5 . . .
500 4[\/\

-0.5 . . s . .

0 5 10 15 20 25 30

250 t/s
S o |l

=250 : L
0 5 10 15 20 25 30

250 t/s

S o0 L
-250 - : : - :
0 5 10 15 20 25 30

t/s
(b) #=iHIEH

K6 2% Li I8 RSEH LADRC i 45
Fig. 6 Control result of LADRC for fractional order Lii
chaotic system
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