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QIN Jikai, LIU Zheng, XIE Rong, et al. Automatic Target Recognition for SAR Images Based on the
Combination of GCN and CNN [J]. Radar Science and Technology, 2024, 22(6):587-595.

Automatic Target Recognition for SAR Images Based on the Combination
of GCN and CNN

QIN Jikai, LIU Zheng, XIE Rong, RAN Lei
(National Key Laboratory of Radar Signal Processing, Xidian University, Xi’ an 710071, China )

Abstract: The automatic target recognition (ATR) technology based on convolutional neural network (CNN) for
synthetic aperture radar (SAR) has attracted much attention in recent years, becoming a research hotspot in the field of
SAR image interpretation. However, these methods primarily utilize the amplitude information of SAR images and only
extract features from local regions. Given that targets in SAR images are typically regarded as the coherent superposition
of scattering centers, these targets exhibit complex structures and rich contextual information. It is difficult to fully cap-
ture the global information around the target by relying only on CNN, which may affect the recognition accuracy. There-
fore, to further improve the recognition performance, this study introduces the graph convolutional network (GCN) and
proposes a SAR ATR method combining GCN and CNN. This method first utilizes traditional CNN to extract local fea-
tures related to the amplitude of SAR images, and then employs GCN to extract global features by constructing graph
data. Additionally, a multi-scale GCN is designed to enhance the interpretation ability of the graph data by fusing fea-
tures from different scales. During the model training phase, the label smoothing technique is employed to alleviate the
overfitting. Through an end-to-end training strategy, the joint optimization of GCN and CNN parameters ensures a high-
precision SAR image target recognition. Finally, experimental results on the MSTAR and OpenSARship datasets demon-
strate that the proposed method outperforms the existing techniques in terms of recognition performance and exhibits
superior generalization capability.

Key words: synthetic aperture radar; graph convolutional network; convolutional neural network; automatic tar-

get recognition; multi-scale GCN
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Clutter Simulation Method and Clutter Characteristic Analysis for Airborne Bistatic Radar

CHEN Junxian', SHI Lnngfeil7 JIA Wentongz, YANG Yuan?, GUAN Yifu'

(1. State Key Laboratory of Complex Electromagnetic Environmental Effects on Electronics and Information System, National
University of Defense Technology, Changsha 410073, China; 2. Unit 93975 of PLA, Urumqi 830000, China)

Abstract: When the airborne bistatic radar system detects targets, different geometric configurations and relative

motion states of the receiving and transmitting platforms can lead to large differences in received clutter signals, which

will affect the detection results of targets. Therefore, it is necessary to study the clutter characteristics in different bistat-

ic conditions. This article studies the clutter simulation method for airborne bistatic radar. A more applicable method for

calculating parameters, such as the angle of the clutter cell grids, has been proposed. On this basis, the influence of fac-

tors such as geometric configuration of airborne bistatic radar and the direction of the transmitting and receiving beams

on clutter characteristics is analyzed. Finally, the effectiveness of the clutter simulation method proposed in this paper is

verified by simulating the range-Doppler two-dimensional distribution of the clutter.

Key words: airborne bistatic radar; clutter simulation; clutter characteristics; range-Doppler spectrum
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Application of Aperiodic Tiles in Limited Field-of-View Phased Array

QIANG Yunfei'?, WANG Wei®, WU Ruixin®, FANG Xiaochuan®

(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China; 2. Nanjing University, Nanjing 210023, China;
3. Anhui Province Engineering Laboratory for Antennas and Microwave, Hefei 230088, China; 4. Queen Mary University of London, London E1 4NS, U.K.)

Abstract: This article presents a tiling approach for antenna arrays based on aperiodic tiles (also known as “Ein-
stein” tiles). Due to the inherent asymmetry of the aperiodic tile structure, the grating lobe level of the large spacing
sparse array can be effectively suppressed. A significant advantage of the antenna array layout is its ability to realize a
fully tiled plane with only one type of aperiodic tiles, achieving seamless tiling without overlaps or gaps, and the dense
layout can be realized without relying on complex optimization algorithms, which can simplify the design methodology
and enhance the overall performance. In contrast, the layout of traditional periodic tiles usually requires complex optimi-
zation algorithms, which makes the method proposed in this paper have obvious advantages in reducing optimization
costs. In addition, excellent grating lobe suppression effect can be obtained by optimizing the position of a few antenna
elements in the tile, and further enhancing the performance of the antenna array. For scanning radar with limited field of
view, the array layout method proposed in this paper is highly attractive. The layout scheme of the antenna array and the
grating lobe suppression are described in detail, and the feasibility of the method is verified by simulation calculations.

Key words: aperiodic tile; grating lobe suppression; limited field of view; phased array antenna
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An Ambiguity Function Shaping Method Based on Deep Learning Residual Network

XIAO Xiangqing]'z, WANG Yuankai®, HU Jinfengl'z, LIU Jun®, ZHONG Kai'?, ZHAO Ziwei'?, LI HuiyongI
(1. University of Electronic Science and Technology of China, Chengdu 611731, China;
2. The Yangtze Delta Region Institute (Quzhou), University of Electronic Science and Technology of China, Quzhou 324000, China;
3. The 41st Research Institute of China Electronics Technology Group Corporation, Qingdao 266555, China)

Abstract: Unimodular waveform design based on ambiguity function (AF) shaping is a crucial technique in radar
systems. This problem is formulated as a nonlinear complex quartic optimization problem (NP-hard). The existing meth-
ods can be classified into two categories: the first one solves the problem by relaxing the original problem, but inevitably
introducing approximation errors; the second one solves the problem directly, but the selection of parameters in this cate-
gory is difficult. We notice that deep neural network is a naturally nonlinear system that is highly compatible with that
nonlinear problem. Motivated by this, this paper proposes a method based on deep learning residual network for AF
shaping without any relaxation or complex parameters selection. The specific steps are as follows: 1) The problem is
transformed into an unconstrained phase optimization problem; 2) The non - convex objective function of the uncon-
strained problem is constructed as the loss function of the network; 3) The residual network is used to directly optimize
the phase of the waveform. The simulation results show that the signal-to-interference ratio (SIR) of the proposed method
is improved significantly, and it has better target detection performance.

Key words: deep learning; ambiguity function; residual network; constant modulus constraint; waveform design
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Research on Maneuvering Deployment of AWACS Based on Detection Probability

WEI Weibin, LAN Xuhui, PENG Siyong, SUN Dingtao, REN Fuqiang
(Air Force Early Warning Academy, Wuhan 430019, China)

Abstract: Aiming at the problem that the existing ground radar network and the dynamic radar cross section
(RCS) characteristics of the target are not fully considered in the optimal deployment of the AWACS, based on the ra-
dar detection probability under the influence of the dynamic RCS, the maneuvering network deployment position of the
AWACS flying on specific routes under the premise of the existing ground radar network is studied. The dynamic RCS
model of the target is explained, and an area coverage model for the network between the AWACS and the ground radar
is established based on the probability of target discovery. The particle swarm optimization algorithm is utilized to simu-
late and calculate the maneuvering deployment position of the AWACS. The simulation results indicate that for the exist-
ing ground radar network, organizing the AWACS to be deployed to the appropriate position can effectively enhance the
area coverage of the extended radar network and improve the detection capabilities on stealth targets.

Key words: airborne warning and control system (AWACS); dynamic RCS; detection probability; radar net-

working; maneuvering networking
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Detection Method of Sea Surface Small Target Based on Improved Isolation Forest

LI Yuxiao, HU Jurong, XING Yanxiao, DAI Tianshi, ZHANG Weijie
(Hohai University, Nanjing 210024, China)

Abstract: To address the problem of radar small target detection under sea clutter conditions and the issue that

the isolation forest(iForest) algorithm does not fully utilize radar echo signal features when dealing with high-dimension-

al data, a method for weak target detection based on improved multi-feature joint isolation forest is proposed. This meth-

od constructs a rich high-dimensional feature matrix by analyzing the characteristics of actual sea clutter data in time do-

main, frequency domain and time-frequency domain. The principal component analysis is integrated into the isolation

forest algorithm for data dimensionality reduction, introducing an average correlation-based dual-parameter criterion for

dimensionality reduction to balance the correlation between the principal components and the original features.The simu-

lation results demonstrate that the proposed method effectively enhances the detection performance of radar weak target

under sea clutter conditions across different sea states and polarization modes, while maintaining a high detection proba-

bility under low false alarm rates.

Key words: radar target detection; isolation forest algorithm; principal component analysis; multi-feature union;

sea clutter
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Health Status Assessment of New Airborne Weather Radar Based on Cloud Model

ZHANG Tao', WANG Can', HUANG Jiaqi’, LI Kaicheng'
(1. Tianjin Key Laboratory for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China;
2. COMAC Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract: Based on the analysis of the working principle and basic components of the new airborne weather radar
system, the transmitter, receiver, signal processor and active phased array radar T/R components are selected as the pri-
mary research objects, and a multi-feature fusion weather radar system health state parameter set is constructed. The ana-
lytic hierarchy process is used to reasonably weight each state parameter. Aiming at the health state evaluation problem
of the new system airborne weather radar, an improved fuzzy comprehensive evaluation method based on cloud model is
proposed. Compared with the traditional ridge membership function, this method takes fuzziness and randomness into
consideration by introducing the concept of cloud model, so as to achieve a more comprehensive and scientific health sta-
tus assessment.

Key words: cloud model; fuzzy comprehensive

health status assessment; new system airborne weather radar;

evaluation method
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Study on the Effect of Rainfall on Polarized Radar ISAR Imaging and Calibration Methods

JU Xinjie, LI Xinda, GAN Lin, SHEN Chun, LI Jianbing
(State Key Laboratory of Complex Electromagnetic Environmental Effects on Electronics and Information System, College of
Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: Polarized inverse synthetic aperture radar (Pol-ISAR) is capable of all-weather, all-day and high-reso-
lution imaging observation of targets, which is an important means of acquiring information about space targets. Howe-
ver, the radio wave propagation effect under complex atmospheric environment may have a significant impact on the ima-
ging results. The ISAR imaging model of fully polarized radar under complex rainfall conditions is established.The pola-
rized electromagnetic wave amplitude attenuation and phase error caused by the propagation effect under rainfall environ-
ment are analyzed. A method to calibrate the propagation effect on ISAR imaging is proposed, which provides important
support for the fusion imaging of the multipolar channels. The experimental results verify the correctness of the ISAR ima-
ging model and the effectiveness of the propagation effect calibration method under complex rainfall conditions.

Key words: polarized inverse synthetic aperture radar (Pol-ISAR); complex rainfall; propagation effect; ampli-
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Radar Multiple-Object Tracking Performance Evaluation Model Based on

Multiple-Dimensional System and Combined Weight
HUANG Libin', XU Hong', NI Liuliu®, XING Yizhou', QUAN Yinghui®

(1. Hangzhou Institute of Technology, Xidian University, Hangzhou 311231, China;
2. Unit 95859 of PLA, Jiuquan 735018, China; 3. Xidian University, Xi’an 710071, China)

Abstract: Aiming to address issues such as the reliance on a single evaluation index for radar multi-target track-
ing and the bias caused by using only one specific type of association algorithm and weight calculation, a comprehensive
radar multiple-object tracking evaluation model is proposed in this paper. The model is based on macro and fine multi-
dimensional index system, and incorporates both subjective and objective weight. Firstly, two types of indexes are intro-
duced to analyze the target tracking results from the perspectives of overall track dimension and fine changes in point
tracks. Secondly, for different data association methods, soft and hard decisions are employed to match targets with actual
tracks and calculate each index value accordingly. Finally, to ensure comprehensive evaluation results, subjective
weights and objective weights for indicators are determined using G1 sequence method and CRITIC method respectively.
Then, these weights are fused into combined weights through least square method before being applied in an optimiza-
tion model to obtain final multiple-object tracking evaluation results. The experimental findings demonstrate that this
model can flexibly and comprehensively evaluate multiple-object tracking performance across various scenarios includ-
ing sparse and dense environments.

Key words: macro and fine indicators; combined weight; data association; soft and hard decisions
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7 .GNN . PDA FI JPDA 5 Ff S B 472 1) BR B M B o
P L2575 i B AR 43 SAE 4k 23 1) v i e iz 2l
(CV) E ez 3 (CA) firfE 5445 iz 5 (CT) , )

E HARIRAS I BN x = [xxyy 1, B SCHR[20 ] 7] 45
RS AL HE B F AU AR M H 28 R Uy 2
Al RN
Q, = diag(Q,.Q,) (26)
HrpEBEEE SN Q-
T4 TR
Qoza'k_T:/z Tf] (27)
TE NS BB 3 Q-
(7520 T8 T3/6
Q,=0} T8 T3 T}/z} (28)
L T36 T2 T,
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w3 wZ wZ
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w w
= Z 29
Q=0 . (wT. = sin(wT.)) 2(wT. - sin(wl.)) (1 - cos(wT.)) (29)
w2 w3 w2
(wT, - si?(wTs)) 0 (1- cosz(wTS)) T
w w
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w RN AL T 3R AL A A UL I Fsf 1] [1) oy, B
T, =25, f5 HAE R R R & 383 (KF) 2 HFR Y
1z BRI T H0 5

TE S0 AL 4 By BER F MUN T8 B 5, MR N 43 53]
B 3 R0 4, BT AL 4 A R O % M A 2 v
FIHE BN 1 AR 2 3/4 B, FE Sk 1E & fip s i
G, SRR ISR 100K

J% I R 5L Ry BRI I 7 | A R R
B, HBCE RSB AV, BIARA 537 -

P({z}'1=n)= e’“’*(’W)n (30)

n!

Ao, A8 m R AR I A0 23 o) 2% B BUE S 1077, Y,
FEIREEM DX IRA RFR, — AR50 X 38 7 1) 5y 7
[i11 915 FBl #1545 (=50 000 m, 50 000 m ), W] AV, S #&30 [X.
BN T R A IR, R 1 000, AE 11 K A1 ) s 1
13 A ARG XA

SCHG S 4G B AVE 2580 Windows 11, CPU Intel
Core™i7-10700(2.9 GHz) , NAF 4 32 GB, it ¥h 45
5 MATLAB R2022a.
31 E8ZENBRZSESG TR
BEE D5 LR SEI ] 4 200 s, B i35 B An 4
R 204>, B4 350 S AR A A B X

1) Hbreta Gz 30 75 5 b 5 S BLAs S

&l 3 Ffim o
10°
Z’ \ e )
3 4
2 — r/% 4
= — &
= Op——a . 1
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1 x /
-3 :
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_5 4
6 4 2 0 2 4 s
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(¢) NNEILIREAE N

V5 TEl/m
D h O L E o - ow s,
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(e) PDATEILIRBFENGAL i —
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(a) HAR CAIB ) LI

yﬁfﬁllm

2 4 6

xﬁofﬁJ/m x 10
(f) JPDAFEHEIRER I SR
3 #eiigmse T HARMEEGES 2h i RS Ol
Xt H AR e 2 S E 1 TSR R I A 100 1K,
Oy o BB SR YA T LAAS 2 5% 1 A ER 2 $ 4n
Bl . XFT PDA R JPDA MR SC A 1 | HoAE Bk
Tt AR 2 T T PN A [l gk R AT A, B R 2
B 1 T 8 2 45 A B T 38 %) SR 6 3 4
FpoR R CHOCR SR MR AR BT R g e F
PDA 5 JPDA S5k RS AR bR TS FRLA
*1 BRpETERESHNS BIRREE NSRS R
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6 4 2

yﬁm/m
EAdb L Ao —~pwaruaoa
o - G

0 1 2 3 4 5
xJ7TAl/m x 10

(b) MHT 535 BREF 1

o YJ7)/m
AW N = O = N W R L

3 2 0 0 1 2 3 4 s
XJ71]/m x 10*
MHT 00119 2188 000 10000 09974 000 0999 2752 2967 3206 s

(c) NNEBJLERERE O

NN 00026 2250 012 09948 09958 000 0999 2756 2970 3371

GNN 00028 2256 012 09%49 09972 000 0999 2756 2970 3371 6
o
PDA 00037 2423 055 09786 3314 3042 179.11 41
JPDA 00037 2069 431 08457 33.16 3067 6051 3
2
E
== — ] — E 1
R2 BEHRTEEEINS BRREEAREER B
= V[
ﬁ{{& NTS RTS NTB -1E
MHT 0.060 0 0.000 02 1.88 2
NN 0.1000 0.000 03 2.50 SE
4 %
GNN 0.060 0 0.000 02 2.56 P A
3 2 -1 0 1 2 3 4 5
PDA X771 /m x 10
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(e) PDABVLIRERIE

2 3 4

it
(f) JPDA B HER T
4 WHRRT B AR NS 5 A R
X H A e 80 5z 3l 4T 52 R R I BN 100
U, A7 B AR SR (B AT LA 3 Tk 3 F 3k 4 95
Fr#ds
*3 BRHETEMNEEDNS BIRREENIERER

%-?f TE N’l'l' NFT RTT RTM REA RMT RP R\' 0sPA

MHT 0.012 1 21.77 0.01 0.999 6 0.996 6 0.00 0.999 9 27.51 29.65 30.71
NN 0.0027 22.81 0.05 0.9979 0.997 5 0.00 0.999 9 27.57 29.71 31.28
GNN 0.0029 2291 0.05 0.997 9 0.997 8 0.00 0.999 9 27.57 29.72 31.70
PDA 0.003 8 24.75 0.51 0.9745 33.21 30.64 190.68

JPDA 0.003 8 20.82 4.03 0.8374 33.32 31.08 68.69

R4 BmEG=TEMEIZIN S BIRREFFBEREIRER

Ak Ny Ry Nog
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NN 0.060 0 0.000 06 2.81
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RN 5 s
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0 2 4 6
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FLMZ HARERERVEREXS Lo € (5 FLAFEE N 1]
200 s, WA AR 64, e HARIAEH L
Ak A AE S
1) Hbpiita bz sh iy s k0 B4 R A5 6
IR

yJ5Tl/m

S0M-6000-4000 200 02000 4000 6000 $000
XJ7T/m
(a) HFRCVid s Bk



FRRF AT SRR PAERENEFL S AARRIIFERR

667

L3

Vet

-10000-8

0006000 40002000 0 2000 4000 6000 8000
XH7 ] /m

(b) MHT 5 BRI

-10000-8000 6000 4000 2000 0
xJ7 1) /m

(f) JPDA B3k BREF 1 1

2000 4000 6000 8000

Ele A 5T HARE S 2 10 B
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PDA 0.003 0 11.57 14.89 0.442 1 68.97 36.46 647.68

JPDA 0.0537 4.76 26.29 0.155 8 67.02 34.99 480.41

®11 EEHFRTEMEEIN S BIRRERBHERER

Sk Nis Ry Ny
MHT 3.41 0.0150 257
NN 7.72 0.1255 7.24
GNN 7.21 0.1499 7.73
3) HbrtR e ARaa sh i 5 s BLE R
Kl 8 Fr7is o
x 10*

10 [z

YT /m

10 05 0 0.5 10
)il /m x 10*

(a) ERR CTIEE) LSt



2024 445 6 1] FREERF AT L HRARR UL ENTIE S A ARRIZIRAELAR 669
£
&
‘--1‘0 . -05 0 OjS'. 1.0 "-1‘0 — -0:5 0 05 1.0
XI5 [l /m x 10* XJ7 1) /m x 10
(b) MHT 55 BRI (£) JPDA Bk HLER T L
K8 @A T HbREE S Ria sl 1) B Ol

0 0.5 1.0
X771 /m x10*

(¢) NNFLHRERE M

-1.0 -0.5

0 0.5 1.0
X771 /m x10*

(d) GNNZZEIREEM

-1.0 -0.5

Y7 I} /m

0 05 1.0
XJ7 T /m x 10*

o0 05

(e) PDA B ILIRER M

X H br i 18 5 2 R gl AT 5 R RIS AR AL
100 VR 9 {5 L o8 P 50 R 448 v] LAAS 2 4n 2% 12 A
13 TR EE
12 TEHETERSEEHNES BREEETIERER

Bk Ty Ny Ngo Ry Ry Rey Ry Ry Ry OSPA
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0.1549, 0.036 4, 0.242 1, 0.039 2, 0.061 1, 0.053 7,
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Research on Chaff Jamming Shell Launch Strategy Based on Detection Probability

QING Chaojin1 , HE Linsi', WANG Zilong1 , ZHANG Yinjie1 , ZHAO Guiyil , LIN Hui?
(1. School of Electrical Engineering and Electronic Information, Xihua University, Chengdu 610039, China;
2. Chengdu Aerospace Kate Electromechanical Technology Co Ltd, Chengdu 611730, China)

Abstract: Aiming at the problem that large and medium-sized unmanned combat air vehicle (UCAV) has weak re-
sistance to attack and survivability in a medium-altitude environment, this paper studies an optimization algorithm for
the launch strategy of chaff jamming shells. The algorithm takes the detection probability as the evaluation index, and
seeks the optimal launch strategy of chaff jamming shells in each time slot within a certain range of detection probabili-
ty. The purpose of this study is to delay the detection of the UCAV as much as possible, and even to achieve the whole
process undetected, thereby saving resource consumption and enhancing the survivability and mission success rate of
the UCAV. Firstly, a chaff corridor cover scenario model and a detection probability model are established. Subsequent-
ly, the problem of minimizing the number of chaff jamming shells with specific time slots is formed, and the correspond-
ing constraint conditions are proposed. Finally, the optimization problem is analyzed in depth, combining with mathemati-
cal analysis methods, to solve the minimization problem and obtain the optimal launch strategy for chaff jamming shells
under each time slot. The simulation results indicate that the proposed method can reduce the detection probability
while minimizing the consumption of our combat resources, delaying the time when the UCAV is detected by the enemy,
and demonstrate effectiveness and good robustness.

Key words: unmanned combat air vehicle; chaff jamming shells; detection probability; launch strategy; optimi-

zation problem
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Detection Algorithm of Maritime Target Based on Linear Discriminant Analysis

YAN Wenli', DING Hao?, LIU Ningbo®, WANG Zhongxun'

. School of Physics and Electronic Information, Yantai University, Yantai 264005, China; 2. Naval Aviation University, Yantai 264001, China)

Abstract: The detection performance of the traditional single feature method is poor, and the detection perfor-
mance can be effectively improved by multi-feature joint detection method. However, the use of multi-feature joint meth-
ods will not only improve the detection performance, but also lead to an increase in calculation and information redun-
dancy. In this paper, a detection method for floating small targets based on linear discriminant analysis is proposed. The
single feature is mapped to a two-dimensional feature space to form two groups of feature combinations, which named
RDPH-RVE and RPH-TEM. Dimension reduction is carried out on the basis of two-dimensional feature combination. By
mapping a single feature into a two-dimensional space, the overlapping area between sea clutter and the target is re-
duced. Then through the linear discriminant analysis method, the radar data is projected in a more distinguishable direc-
tion, which reduces the amount of calculation while retaining the information.

Key words: feature extraction; small target detection; sea clutter; multi-feature combination
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Research and Design of a High-Precision Radar Target Echo Simulation System

ZHOU Qiaoling, XIE Cun, SHAO Chunyu
(Ordnance NCO Academy, Army Engineering University of PLA, Wuhan 430075, China)

Abstract: Radar target echo simulation system is widely used in the development and production of radar equip-
ment, the accuracy of its simulation is very important. A radar target echo simulation method based on digital radio fre-
quency memory (DRFM), combined with digital composite modulation and high-speed comprehensive calculation and
distribution is proposed in this paper. The range simulation accuracy and velocity simulation accuracy of the radar target
echo simulation system designed and implemented by this method are tested and verified. The results show that the
radar target echo simulation method described in this paper can provide high-precision radar target echo for debugging,
experiment and checkout of radar equipment. It provides some guidance and reference for high-precision simulation of
radar target echo.

Key words: radar target echo; high-precision simulation; range simulation accuracy; velocity simulation accuracy
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High-Scanning-Rate Terahertz Dual-Beam Leaky-Wave Antenna Based on Spoof

Surface Plasmon Polaritons
CHENG Huigian, BAI Yukun
(School of Integrated Circuit Science and Engineering, Tianjin University of Technology, Tianjin 300384, China)

Abstract: In this paper, a compact high-gain, high-scanning-rate and dual-beam leaky-wave antenna (LWA) opera-
ting in the terahertz frequency band is proposed. The antenna consists of two half-mode substrate integrated waveguide
(HMSIW) LW As with the same modulation period and a power-recycling semicircular structure. Firstly, a high-scanning-
rate LWA is realized by means of periodically etched slots on the top surface of HMSIW, which introduces the slow wave
effect of spoof surface plasmonic polaritons (SSPP), combined with a sinusoidal modulation which leads to the LWA
radiation in the narrow frequency band in proximity to the cutoff frequency of SSPPs. Then, two symmetrical scanning
beams are produced by two parallel HMSIW LWAs connected at one end through a semicircular structure, which further
enhances the beam scanning rate. It is found that in the operating band of 1.25~1.31 THz (i.e., a relative bandwidth of
4.6%), the proposed antenna achieves a dual-beam scanning angle of 80°, a beam scanning rate of 17.4, and a maxi-
mum gain of 14.4 dBi. In addition, the antenna structure evolves from one-dimension to two-dimensions, exhibiting a
small overall size. It can be applied in terahertz wireless communication and radar detection systems.

Key words: leaky-wave antenna; high-scanning-rate; half-mode substrate integrated waveguide; spoof surface

plasmon polaritons
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