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Tab.1 Uniformity comparison of initialization methods

n/dim 20 40 60 80 100
Kent 8.21 8.26 8.25 8.34 8.30
Random 7.53 7.84 8.03 8.09 8.16
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R 2 FRAENIK R
Tab.2 Standard test function
Function Function expression Range Optimum
f ijle (-5.12,5.12) 0
£ Dol ] ] bl (-10,10) 0
5 ZLI(Z;]x,)z (~100,100) 0
fi Z [22 - 10cos (27x;) + 10] (-5.12,5.12) 0
s r [IOO(x —xit) +(xi—1)2] (-30,30) 0
fs D sin () +0.1xi (-10,10) 0
f > % —H:;lcos(%)+l (-5.12,5.12) 0
% > xlo (-5.12,5.12) 0

)5 B 520 45 L F Python3 fRAS, 115 HLIAC ¥
16G P47l Inter Core i7 ZbBRER . X F B ks
PRAL, S SR B R 28 (R 4E 5L D=30, FhE
B NP=100, 45 i L i H 7 F=0.5, 28 XM %% CR=0.3,

Fe FRIEARIREL 1000 ¥k . 5 8 Ak ek A5 A Sy 7
PR &%, 43 5 ] DE/rand/1. DE/best/1. DE/current-to-
best/1 Al DSADE 4 F 535 yEAT I, 47~ ok 250
SEALAR 50 YR, 38 A YA Iy 2 4 B R A AR AR

20230244-5



ISk A2

www.irla.cn

P 3 ke ]

Fig.3 Test function image

PR BCR AR (B R W BCRE 1, o PRAIE A AL 505 1 24 °F
P, 4 Fh 55 1R T Kent 1R 1400 4 16 75 15 A5 W) 1R
PR

%3N A4 MR A R Ay 22, BAF 45
RMALE R . R 3 REREFE Hh, SCH 4R H ) DSADE
SEEAE T A D pR B 2 R BB, JEHAE £ fo X

WA~ 22 1 oF B0 SR i F, DSADE % 3k ¥ LS T 8¢
GF A5 R, Ho A 0 45 SR 78 Wi SO B2 O T B A B
FA T, £ BB BUME: BE Al DE/best/2 e 244k 45 S A
4, A 5250 v DSADE HAT B AR i e S i . 25 I
B5AiE T DSADE Sk AE LAk & A2 R v [ i A
B

%3 AN EM R ER

Tab.3 Experimental results of standard test function

DE/rand/2 DE/best/2 DE/current-to-best/1 DSADE
Function
Mean Std Mean Std Mean Std Mean Std
fi 2.59¢-06 7.77¢-06 1.58e-15 4.74¢-15 3.95¢-02 1.18¢-03 9.96e-35 4.40e-35
£ 4.60e-03 1.38e-03 1.15¢-05 3.46¢-05 1.99¢+01 5.27e+01 2.88e-20 1.35¢-20
NE 4.73e+04 3.86e+04 1.80e+04 4.80e+04 7.26e+04 3.75¢+04 2.00e-00 1.80e-00
fa 3.31e+02 18.3e+03 7.87e+02 8.41e+02 1.03e+02 2.00e+01 2.16e+00 1.96e+00
fs 2.34e+02 1.68e+02 2.40e+00 0.84¢+01 3.72¢+03 5.62¢+03 1.89¢+00 2.20e+00
o 8.85¢+01 3.38e+01 9.46¢-02 1.89¢-02 9.49¢+01 2.38e+01 1.97¢-18 1.37¢-18
f 6.38¢-04 1.28e-04 0.00e+00 0.00e+00 3.69¢-01 6.30e-01 0.00e+00 0.00e+00
fs 1.13e-13 2.26e-13 4.82e-43 9.64¢-43 9.91e-02 1.94e-02 4.32¢-75 7.24e-74

33 EIRERNWFE

SIAIESC PR 9 DSADE BVE7E K 2% MIMO
W5 A Ak 5 T R MR, B E T R S O A 7 FRE H 52
B, 7R X S5 b R F AR 5 SR W 43 33 DE/rand/1
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TIERESTL ABC. R FH#ESIL PSO. ISMADE™ DL &

SCH R H 9 DSADE 43 3% BE S AT, A A AR
RESHAE IR 4 PR,
DiELAMSHOR BT : Kik2% MIMO FE51 & 5
HITHRH A 100 GHz, P KA = 3 mm, & 5§ 40035
TCO AR — 4 B b BN dy i T AR, &
SETTECR 84>, N, =8, T 8 1>, N, =8,
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Tab.4 Optimization algorithm parameter setting

Related parameters

Algorithm
F CR
DE/rand/1 0.5 0.9
DE/best/1 0.5 0.9
DE/current-to-best/1 0.5 0.9
ISMADE Self-adaption 0.9
DSADE Self-adaption Self-adaption
Leading bee Following bee
ABC
50%NP 50%NP
PSO Cl1 c2 w
2 2 0.8

PRI NP=100, Z 55 K% B G=1 000 Ik, 28 5
Ja A AR 8RR B AR 00 a4k, TR P A OC TiE & (W)
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PUALRT IR KF2E MIMO & 15 [F4 51 2545 75 1 [, IR o
RERE W] WA S5 L P ORI AR o 3% 6 W LAL)m

x5 FEMUER

Tab.5 Comparison of simulation optimization results

Algorithm Ave/dB Std/dB? Best/dB
DE/rand/1 -16.57 1.24e-1 —16.88
DE/best/1 —-16.03 3.21e-1 —16.68
DE/current-to-best/1 -16.49 1.70e-1 -16.87
ABC —-16.55 2.49¢-1 -17.12
PSO —-16.15 1.33e-1 -16.41
ISMADE -16.87 0.80e-1 -17.01
DSADE -17.81 1.82e-1 -18.33
Original DSADE
0 0 T
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St i S i
i |
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S EHHETHT B B u‘lih' ia ! YN T IR i
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Fig.4 (a) MIMO array comprehensive directional map (before optimization); (b) MIMO array comprehensive directional pattern (optimized by DSADE

algorithm)
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Optimization of terahertz MIMO array radar based on dual strategy

differential evolution algorithm

Wei Xudong', Pang Yajun®, Lang Liying'*"

(1. College of Artificial Intelligence and Data Science, Hebei University of Technology, Tianjin 300400, China;
2. School of Electronics and Information Engineering, Hebei University of Technology, Tianjin 300400, China)

Abstract:

Objective In recent years, terahertz radar has been widely used in the fields such as human security and non-
destructive testing due to its advantages of high resolution, high penetration, and high safety. Researchers have
proposed terahertz MIMO array radar from the perspective of improving imaging speed. This radar combines the
spatial division multiplexing technology of MIMO arrays to achieve fast and real-time imaging. However, due to
the short wavelength of terahertz waves and the sparse design of MIMO arrays, the array element spacing is too
large, resulting in high gate sidelobe levels in the radar beam pattern, which affects imaging quality. Optimizing
the array position through optimization algorithms can effectively solve this problem, but previous research is
mainly focused on optimizing low-frequency MIMO array radars, while high-frequency terahertz MIMO array
radars may encounter more severe high gate sidelobe level problems. Therefore, it is necessary to design
optimization algorithms with higher optimization accuracy for this band. Therefore, from the perspective of
solving this problem, this paper first abstracts the optimization model of terahertz MIMO linear array, and then
proposes a dual strategy adaptive differential evolution for array optimization based on the optimization

characteristics of the model.

Methods A multi-constraint optimization model is established with the goal of reducing the peak sidelobe level
ratio based on the optimization characteristics of terahertz MIMO arrays. Using Kent chaotic sequences to
generate an initial population, this method can make the distribution of initial individual genes more uniform in
the solution space. A dual mutation strategy was proposed to enable the algorithm to select appropriate mutation
strategies based on the number of iterations and individual fitness values. Adaptive improvements have been
made to the parameters, allowing them to be autonomously adjusted based on individual evolution. The
convergence performance of the algorithm was tested through standard functions, and the effectiveness of the

algorithm for terahertz MIMO array optimization was tested through simulation experiments.

Results and Discussions The DSADE algorithm proposed in this paper has the best optimization effect on the
8 transmitting and § receiving terahertz MIMO array antenna, and the optimized minimum peak sidelobe level
ratio is 1.32 dB lower than the ISMADE algorithm (Tab.5). It can be clearly seen from Fig.4 that the DSADE
algorithm effectively suppresses the gate sidelobe level in the directional synthesis map of the MIMO array. The
comparison of the 50 optimization results (Fig.6) also shows that the optimization performance of the DSADE
algorithm is significantly better than other algorithms. It has been proven that this algorithm can effectively

optimize terahertz MIMO arrays, suppress gate sidelobe levels, and improve imaging quality.

Conclusions A portable infrared target simulation system is designed with working wavelengths of 3-5 um and

8-14 pum. This system has the characteristics of simple structure, adjustable wavelength, rich targets, and clear and
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stable imaging. The wavefront quality of the system was analyzed using Zemax software, and at 4 u the PV value
of the center field of view in the m-band is 0.01324. The root mean square value is 0.00384, at 12 p the
photovoltaic value of the center field of view in the m-band is 0.00444. The mean square difference is 0.001 34.
An optical mechanical thermal analysis was conducted on the collimation system, and at a temperature difference
of 30 °C, the deformation caused by the mechanical structure was much greater than that of the primary and
secondary mirrors themselves, reaching 10% p. In the order of m, the imaging results have significant defocusing
errors, which can be compensated for by temperature changes through refocusing the target disk in an adjustable
three-dimensional position. The imaging function of the system was tested. For targets of different shapes, the
system can generate clear and recognizable images, providing stable simulated targets for infrared detection
equipment.

Key words: differential evolution; MIMO;  terahertz radar;  peak sidelobe level
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