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Hybrid quantum-inspired evolutionary algorithm-based

parameter estimation for chaotic systems
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(Institute of Cyber-Systems and Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: Parameter estimation of chaotic systems is essentially a multidimensional optimization problem. To estimate
the unknown parameters of chaotic systems precisely, we present an effective hybrid quantum-inspired evolutionary algo-
rithm (HQEA), in which the real-valued quantum angle is used to express the Q-bits of chromosome, and the probability
of each Q-bit is considered the position information of the chromosome. Combining the quantum differential evolutionary
algorithm (QDE) which uses differential evolution to update the state of Q-bits with the real-coded quantum evolutionary
algorithm (RQEA) which employs quantum rotation gate to update the state of Q-bits, we make a balance between the
global exploration and the local exploitation. In addition, the HQEA performs the quantum non-gate operation in which
the Q-bits selected from the current best chromosome with a certain probability are transformed to get rid of the premature
local optimum. The experimental results of benchmark function tests show that the HQEA algorithm greatly improves the
global optimization performance as well as the reliability performance. Numerical simulation results of the Lorenz system
also demonstrate its effectiveness.
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tion of algorithm)

2.1 BT Y o 0 S B % R 2 14 25 He(Encoding
and solution space transform for quantum chro-
mosome)
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Fig. 1 The basic framework of the HQEA

BE T ORI R A MR QL o0 BV PT BE TR T 2200
HEARHRATE F= A=, 0 nT B8 ph S ) B 0 A R A B
AR AR R AR A 4 S R AS R A ML
FIRG TR, Ge S KM 2 M R0 A 5 ) h 48 R 21
RE SEAN 1) 4 JR) B FE 1AM, b A B — R R LI AE
P S 2 A 1) RIS P B A A 1) 2 e

STHQEASLIE R S E M A gl o KR HILZHL
T, @l e ARQEASLVE i TR T T i 1
MRSRAAE SR, th o QDESIL Y gl 51 3 &
TR 73 A S A
2.5 FEHERREGR (Benchmark function tests)

A SCHQEASLVE 4 = 1 €, LAQDES L
MRQEAFEAE Ky 2 [, K LA P 25 v pe 23 B
ANER BV RE BEAT IR, Horb f) 24 Spherical PR K,
f2 JJRosenbrock Bf 44

fiw)= 242, € [~100, 100] (14)
i=1



11

B iRE: TR G & TR R R S S Kl o 1451

fole)= Dz (10021 — 22+ (2, — 1)?),
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fit, HQEAS VL PR Ml Ain = 30 , RQEA X QDEST 7%
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Table 1 Results of 20 independent runs for two functions
VI A7 &AL R PRt 2E
RQEA 2.6166E—01 1.0552 2.1055 4.7842E—01
f1 QDE  3.6230E—15 1.3487E—06 2.6952E—05 6.0264E—06
HQEA 3.2206E—-16 9.1679E—11 1.0146E—09 2.5608E—10
RQEA  1.2732E4+03 1.8663E+04 1.4747E+05 3.2826E-+04
fo  QDE 3.2569 2.0573E4+01 1.7695E+402 3.8766E+01
HQEA 7.4137E-04 1.4198E+401 6.3692E+01 1.3634E4-01
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Fig.2 Mean evolution curves of different algorithms

3 HQEARVEH TR RZSH AL U (Para-
meter estimation of chaotic systems using
HQEA)

3.1 RERZESHAN V) B AR (Basic ideas of pa-

rameter estimation for chaotic systems)

Z e FndETRE R St
T = G(w,wo,eo). (16)
X = [wy 20 - 27 € RPKRIRARGindE
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3.2 &M R BT % B (The selection of fitness func-
tion)
Wy N H S ARG AE I () RS AR &, g AT
REAER M RRPRES R &, MO TS EA T HIRES
AR P A A BE, WIDE P R 200]

wmin f (K) = = 5% Jax —wel®. (8)
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A KH A [0, Oy - O], JER B
SRV 562 B (RS FERR T,
AR, IR RGNS AT AL — 2 Yk R
SR IL AL B, o1 T8V 3 56 F K e P F A7
SR TR R 55, MU A L

B ERG S EU T, ASCRHR A B T
VR A LA AL )
4 {jE 525 (Simulation)

A DA (T Lorenz i i 28 458 4 1, i Wk T
HQEAS LRI R A S H 11, Lorenziidili R 4¢
AU RS TR A

Zfil = 91 (:UQ — {L‘1),
To = Box1 — T1T3 — T2, (19)

i?g = T1x2 — 93333.

X RESHA G R0, = 10, 6, = 28,
05 = 8/3. K H4MrRunge-Kuttay K fift & 1 3 T #2,
B HKh=0.01, LorenzR &5 A A T B A )G
AT R M — ASAE OB %), 3% 2235 4k 22300 hitf
Zl, A T EIER R B E RSB =R R
HRQEA , QDEFIHQEAS 1Al 1T RS E AR A A
THTE N3N SHUE, 6, 025033 R 250 535
M9, 111, [20, 301F1[2, 3]; HQEAHL VLA BERN A n =
60, T = 100, Aby = 0.027, F = 0.75, CR = 0.90,
P, = 0.15; QDE 5 RQEA. 1 Fl B Ml #in = 120,
HALA BT = 100 ; RQEARLVEZ HAO = 0.027;
QDEHESHF =0.75, CR=0.90. fFFp LSS
IEAT201%, I 3 5PSO], DEMHIHQEDEM! i
THEE AT IR, 25 2.

k2 BHEASEAEIT SR
Table 2 Results comparison of different algorithms for parameter estimation
o 01 02 03 f
HQEA 10.000000  28.000000 2.666667 7.1327E—19
QDE 10.000000  28.000000 2.666667 1.8992E—17
B0 RQEA 9.999955  27.999621 2.666921 7.5696E—06
psolf! 9.995332  28.007146  2.667013 0.048645
DE["] 10.000096  27.999999  2.666664 0.0000002
HQEDE[15] 10.000000  28.000000 2.666667 7.0870E—14
HQEA 10.000000  28.000000 2.666667 4.3880E—16
QDE 10.000000  28.000000 2.666667 1.3379E—13
Ty RQEA 10.116259 27.984267 2.660043  3.2972E—03
psolf 10.018417  27.993390 2.666281 4.182781
DE["] 10.010050  27.993870  2.666551 0.00036
HQEDE[15] 10.000000  28.000000 2.666667 2.3559E—13
HQEA 10.000000  28.000000 2.666667 3.6779E—15
QDE 10.000000  28.000000 2.666667 2.5271E—12
N RQEA 10.772376  27.967165 2.613776  1.9920E—02
psol® 10.608212  27.704424  2.657231 39.406026
DE["] 10.054064 27.971791  2.665526 0.0016939
HQEDE[15] 10.000000  28.000000 2.666667 2.0005E—12
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