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An Intelligent Radar Target Detection Algorithm Based on Range-Doppler Map

WU Hao'?, LI Cang], CUI Xiongwen2

(1. Department of Electronic Engineering, Tsinghua University, Beijing 100084, China;
2. Chengdu Sky Defence Technology Co Ltd, Chengdu 610213, China)

Abstract: Radar target detection and recognition is an important direction of radar signal processing. Range-Dop-
pler map is a quantitative description of radar target motion state and velocity, and it is an important data for radar target
detection and recognition. In this paper, an intelligent detection and recognition algorithm for radar targets based on
range-Doppler map is proposed. The algorithm is based on a two-stage detection and recognition paradigm. In order to
take advantage of the characteristics of range Doppler map, a sample enhancement strategy of random transformation
and label mixing is employed to expand the training samples and improve the robustness of the network. Secondly, the
position regression loss is enhanced by combining the coincidence degree and the target size to improve the accuracy of
positioning. Ablation experiments demonstrate that the improvements proposed in this paper can effectively enhance the
detection and recognition performance of the algorithm. Experiments on authoritative public datasets indicate that the
algorithm proposed in this paper exhibits a notable improvement in performance compared with the existing Faster
RCNN and DAROD algorithms.

Key words: range-Doppler map; radar target detection and recognition; sample enhancement; adaptive posi-

tion regression loss
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Multi-Frame Bayesian Iterative Estimation Method for Frequency Center and

Bandwidth of Sea Clutter Spectrum
WEI Jifeng', DONG Yunlong®, DING Hao?, CAO Zheng’, LI Yonghui’
(1. Yantai Research Institute, Harbin Engineering University, Yantai 264001, China; 2. Naval Aviation University, Yantai 264001, China )

Abstract: In complex marine environments, sea clutter can cause serious interference to radar target detection and
easily lead to false alarms. Accurately estimating the spectral characteristics of sea clutter can help suppress sea clutter
using techniques such as whitening, which is of great significance for maritime target detection. To adapt to the time-
varying changes of sea clutter spectrum, a multi-frame Bayesian iterative perception estimation method is proposed for
estimating the two characteristic parameters of center frequency and bandwidth of the sea clutter spectrum. The pro-
posed method first collects sea clutter echoes for estimating the initial parameters of the prior distribution, and then ite-
rates the parameters of the prior distribution by statistically estimating the Bayesian values of the sea clutter, gradually
adapting the prior distribution parameters to the environment. Bayesian estimation of the center frequency and band-
width of sea clutter spectrum with prior distribution that matches the environment can greatly reduce estimation errors.
Experiments are conducted on the clutter area of the sea detection dataset using X-bands under fourth and fifth sea
states. The proposed method shows that the estimation error of the sea clutter spectral characteristic parameters is small-
er than that of the single frame estimation method and the estimation method using forgetting factor, demonstrating the
effectiveness of the proposed method.

Key words: sea clutter; Doppler spectrum; prior distribution; Bayesian estimation
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XIONG Siyu, JIN Liangnian. Stepped-Frequency Ground Penetrating Radar Fast Super-Resolution
Imaging Method[ J]. Radar Science and Technology, 2025, 23(3):253-261.

Stepped-Frequency Ground Penetrating Radar Fast Super-Resolution Imaging Method

XIONG Siyu', JIN Liangnian'?
(1. School of Information and Communication, Guilin University of Electronic Technology, Guilin 541004, China;
2. Guangxi Nanning Guidian Electronic Technology Research Institute Co Ltd, Nanning 530000, China)

Abstract: In order to solve the problem that low resolution and slow speed of the existing one-dimensional imaging
methods of stepped-frequency ground penetrating radar (GPR), an improved basis pursuit denoising one-dimensional
fast super-resolution imaging method is proposed. This method firstly establishes a stepped-frequency echo signal model
and refines the region of interest in GPR using FFT+FT to construct a lightweight base matrix. Then, the sparse equation
is constructed based on the sparse characteristics of the target in the frequency domain, and the sparse equation is
solved by the basis pursuit denoising method. Finally, the solution is convoluted with the Rake wavelet to obtain a one-
dimensional super-resolution image. Simulation and experimental results verify that the method achieves high precision
while ensuring high resolution, fast signal processing speed and good noise resistance. Compared with the basis pursuit
denoising algorithm, the running speed is increased by approximately 10 times.

Key words: stepped-frequency signal; super-resolution imaging; ground penetrating radar; improved basis pursuit
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Research on the Characteristics of Millimeter Wave Antenna Array for
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Abstract: In order to utilize the area of aperture effectively, focus on the integrated development of the composite
detection system, and improve the capability of continuous tracking and accurate identification of important targets, a
millimeter wave antenna array for integrated radar and optics is proposed. The effect of the design parameters of the opti-
cal interferometric imaging system and the millimeter wave array on the characteristics of millimeter wave antenna array
is analyzed. The design parameters of optical interferometric imaging include the lens diameter, the maximum baseline
length, the number of interferometric baselines, the array element spacing and the array size. The simulation results
show that with the increase of the lens diameter, the maximum baseline length, the number of interferometric baselines,
the characteristics of the millimeter wave antenna array have deteriorated to various degrees. With the increase of the ele-
ment spacing and array size, the first sidelobe level of the millimeter wave array can be improved effectively.

Key words: integrated radar and optics; composite detection system; millimeter wave antenna array; optical inter-
ferometric imaging
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SUN Bing, LI Yonggang, LIU Yang, et al. High Accuracy 2D-DOD and 2D-DOA Estimation for Bistatic
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High Accuracy 2D-DOD and 2D-DOA Estimation for Bistatic EMVS-MIMO

Radar with Non-Collocating L.-Shaped Structure
SUN Bing', LI Yonggang', LIU Yang’, XIE Qianpeng’, GUO Libing', HU Shangcheng', YANG Haimin'
(1. China Satellite Maritime Tracking and Control Department, Jiangyin 214431, China;
2. Beijing Institute of Remote Sensing Information , Beijing 100011, China;

3. State Key Laboratory of Complex Electromagnetic Environment Effects on Electronics and Information System,

National University of Defense Technology, Changsha 410073, China)

Abstract: In order to improve the estimation performance of 2D-DOD and 2D-DOA in bistatic EMVS-MIMO
radar, a non-collocating L.-shaped EMVS structure is designed in this paper. Compared to the collocating EMVS trans-
mitting and receiving arrays, the dimension of the sparse non-collocating EMVS receiving data with a single snapshot
can be reduced under the same number of array elements. Moreover, for the designed sparse L-shaped EMVS structure,
the automatically paired 2D-DOD and 2D-DOA estimation can be effectively realized via the rotational invariance tech-
nique and the combination of the high-accuracy and low-accuracy estimated results. Besides, the transmitting and receiv-
ing polarization parameters are also derived by using the reconstructed EMVS spatial response. The simulation results
further verify the effectiveness and superiority of the non-collocating L-shaped structure for multi-dimensional parameter
estimation.

Key words: bistatic EMVS-MIMO radar; 2D-DOD estimation; 2D-DOA estimation; non-collocating L-shaped

structure; rotational invariance technique
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LI Jishun, ZHANG Yasheng, YIN Canbin, et al. A Novel ISAR Cross-Range Scaling Method for Space
Target Based on Imaging Projection[J ]. Radar Science and Technology, 2025, 23(3):280-297.

A Novel ISAR Cross-Range Scaling Method for Space Target Based on Imaging Projection

LI Jishun, ZHANG Yasheng, YIN Canbin, XU Can
(Space Engineering University, Beijing 101416, China)

Abstract: Inverse synthetic aperture radar (ISAR) cross-range scaling can determine the azimuth size of space
target, which is beneficial to target geometric feature extraction and image interpretation. In this paper, a novel ISAR
cross-range scaling method for space target based on imaging projection is proposed. Firstly, the ISAR echo is processed
with high quality motion compensation and image enhancement to enhance the image display effect. Then, based on the
principle of ISAR imaging, the projection vector is calculated by using the line-of-sight (LOS) information and the imag-
ing plane is determined. Finally, the enhanced ISAR image is back-projected to the imaging plane grid, so as to realize
cross-range scaling and obtain the imaging projection geometric relationship. Compared with the available cross-range
scaling methods, the proposed method avoids complex signal parameter estimation, so the accuracy of cross-range scal-
ing is not affected by the echo signal-to-noise ratio (SNR). At the same time, the proposed method provides the geo-
metric relationship of imaging projection, and can generate ISAR images of multi-view targets based on single observa-
tion, which is helpful for space mission assistant decision-making. The effectiveness and robustness of the proposed
method are verified by simulation data.

Key words: inverse synthetic aperture radar (ISAR); cross-range scaling; image plane; imaging projection
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Research on the Ambiguity Problem in SAR Three-Dimensional Imaging

ZHAO Chunmeng, XIAO Ning, LIU Hui, SHI Hongyin, LI Fang
(School of Electrical and Information Engineering, Beijing University of Civil Engineering and Architecture, Beijing 102616, China)

Abstract: In synthetic aperture radar (SAR) three-dimensional (3D) imaging, the distribution of the baseline has
a significant impact on the imaging results. The longest baseline determines the resolution of the imaging system, while
the shortest baseline determines the maximum unambiguous height of the imaging system. This paper analyzes the im-
pact of baseline distribution on 3D imaging and proposes a defuzzification method based on phase unwrapping technolo-
gy for the problem of elevation ambiguity. The method firstly uses SAR amplitude images and coherence maps to extract
buildings, obtaining the interference fringes corresponding to the building positions. Then, a multi-baseline iterative
phase unwrapping method is used to obtain the high-resolution true phase map corresponding to the longest baseline. Fi-
nally, the unambiguous elevation point cloud is obtained by inversely propagating the interferometric phase of the lon-
gest baseline. This paper uses simulation experiments and airborne data from Yuncheng released from Aerospace Infor-
mation Research Institute, as well as the small UAV-borne data from Tianjin Binhai Business Center, to experimentally
analyze the elevation ambiguity and verify the feasibility of the defuzzification method.

Key words: synthetic aperture radar (SAR); 3D imaging; elevation ambiguity; phase wrapping; multi-baseline
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LI Junying, WU Wenzhi, REN Kaifeng, et al. Experimental Verification and Finite Element Model Up-

dating of Thermal Deformation Free Design for Spaceborne Antenna[J]. Radar Science and Technolo-

gy, 2025, 23(3):313-316.

Experimental Verification and Finite Element Model Updating of Thermal

Deformation Free Design for Spaceborne Antenna
LI Junying, WU Wenzhi, REN Kaifeng, YU Kunpeng, ZHANG Ping
(The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China)

Abstract: The on-orbit thermal deformation of the spaceborne antenna has a significant effect on the electrical per-
formance. In order to ensure the reliable service of the antenna, it is necessary to take reasonable control measures to
reduce the thermal deformation and accurately predict its thermal deformation in orbit. The thermal deformation control
method based on free design is adopted for the space-borne antenna. To evaluate the effectiveness of the free design,
combined with its modular and arrayed characteristics, the thermal deformation test under limited operating conditions
is carried out by using the photogrammetry system with the reduced-size antenna test model as the object. The test
results are used for updating the finite element model, and based on this modified model, the on-orbit thermal deforma-
tion is calculated. The results indicate that the free design can significantly reduce the thermal deformation, and by up-
dating the finite element model through thermal deformation test, the on-orbit thermal deformation can be predicted
more accurately.

Key words: spaceborne antenna; thermal deformation; free design; finite element simulation; digital photogram-
metry; model updating

R AT — S R B 2 3 R LR S O Inl R, S EUR
0 51 = zszwwam 152 P 2 754K, B3 2T M K2R
TR R LA™ I L IE =5 B B g vh 32 31K HLPERE , BRIRIRBE AT RETE . Ptk , R REAEFIR
PR RS AR 2k [ B TAESGE R A5 IR HER IR S sl e B2 (HR, Z R Tk
Wi, RZ R 25 7 A — E R E I VEIE ZIVEIE B2 98 B Bt A R R i K k) A 3 1l
Wk H O 2024-11-14; &[] H 1 : 2025-01-04
BT H - EER TR SRR H (No.JCKY2021210B007)




314 BiIERESHER 5523 % 4 3
I3 A 268 PR 2%, 3 ek M T A 400 B B 22 B B L U -
A AR AT RO MEREAR K, e S BRIL T o BT O dlo @
PRI BE A BT Rk e o @l a
P AT ELBUR . TRUR bR S 5 el
A A TR AT BRIT O LT 405 B 5 R 4 45 W L Nol Noz|Ne1 Nez

T

LI Z [AFAE—E B 22 5 o UL, 75 20 4
ARTEA FROTHE R AT IE , DUWIARAT E 5l 1) $A 42
Al

X FAEERAL (B 51 A R TR R, AT
DA LA B B w25 /D B R RS 4 [ TR 4L LAY
e e AP A 4 R L s R SDLTRL JE P 05, O JR A R
BT BRI I I ) a6 B o A R
TURERI AT IE™ " DT S 30 AR A8 A (T
F18) 3888 IS v ) VB P X R R TR LA JE R A7
DFESUR , U B b S R ikt

AR SCLIRESRAL 51 2 R L X4, T
REAEF BT s AELFER b, TP D R gk
ST , SR B BT B AT A s BT B BT
Xk R 1 P 1 A S0 5 o — 20 M, T VR
LU B , T R PV A BROCEE B IE., D KT
AT USRI S

1 RERG i Bt

2R LR W T R R B FIAE SR A 1, an & 1(a)
FI7R B KRB RS R AERE SR | RER
FEHR BT M RE R 80 A 42 3A21, U Kk R B H 2.4
10°5/K s HEZR BT A RE A iR AT 4k 52 ARk, HBi ik
FEH-0.5x10°K, TP 75 P ik 2R 500 22 8%
K, AR A 23 5] R B AN ) R ARTE |
Ry i e 3 22 1) 9 A G T ) AT, R R A B R Ui
BB INE 1(h) FiR . AR
W 8 MMRET A AEMESE | AESR A 2 LR 1
ASEFL T AR AL IE 2 IR LAY 3 i 26
F A I LA O A 5 L O B LR . Y
TR AR AL 5 | R AR g B, R R AR B 4 T
FLAR I T7 T 15« 26 1 No. 1 [ 32, 42 %€ 1 No.2
WX )7 25, 2225 05 No.3/5/T WY Y I 7 55, 22245 5,
No.4/6/8 1 H.Cy 3% SR Ui 25 o 2000 25 1 1 1o 48]
A BT YRR R D R 2B 5 A 4R 2 ]
B TR 1T 7 A= 1 R e B T v Il VR T

(@) Gy ) G
i 2l B, &

Y “
e T TR I_.NO.S No.6 No.5 No.6
T IIITY TaX TN TT T X
(a) REJLfaffisd (b) B EHoRER
1 RE IR A

2 RN IE T

TR ER B T AR B KR AT () 7 B e 6 Ty
KB H BAHBST o R AR B T 0T %K
AT AR IR, 255 75 IR 4k MR T (Y 45 48
3, 18 44 KA AR R A AE B 25 4 1 S il g
ATV IR, N 1 (a) IR o

A E 2 s iR E R G0, m R R A
I, RERIF B HEE T2 b, KRBT LR
T AR 5 PR A O 2R T SURE ML R DU
RS, R TACAFE 1R . 3l i B (i W)
I ek B, ek I A 22 0.5 h PR EE AR AL N
1 "CRIADE W B Fe e, I Bk 2 0.5 h )5, il it
SUAH AL R T 5 28 40 I o S 1 T R A R AR
o BERET, DL 20 “CH Y R 2 [ R ASAE R 5 2k
% TOLH S5 HEUE

4 R R AR

XU i 3R 450

K2 RELRBIALIERE RS
F1 ATHIKETR

5 I C /i

1 20 B

2 40

3 66 [SEliB S R
4 0

5 -20 Rk e 25 T




2025 445 3 W FREZ . EBRREATHH

B &t e KB I S A TR UAEANMS I 315

T B R LR M i 7 A R 00T A PV 5%
2 (R K A 100 9 DN KA 1) 80451 T ) 2 A 7 3

(a) 20 °C(HEHAE)

K3 e R el

TR LK e T F) THT PN ARSI (Ol 8 A A X T 11 52

JO RTINS R0 ) N2 2 A3 3 s .
F2 REEEENBFBZE(EHE) pum
P WEZEIC
20 -40 20 46
No.2-No.1(X []) 41 161 30 182
No.7-No.1(Y i) 272 528 249 696
No.8-No.1(4}) 280 572 272 748

3 REEEFEE (4NREERTFHE)
F5  RESC FIEE(P-P)/mm RMS/mm  £57E

1 20 0.37 0.11 HE T
2 40 0.84 0.32
3 66 1.16 0.44
4 0 0.71 0.22
5 20 0.89 0.27

AL LLE A T 3RS IR TR, Rk
A T S B o R A T R A R A L R
I, RERFEm S B A o [ s oA k. 34>
PoaE IX A 7E 46 Coe R 2T , 43S 1 182 um
(X18]) 696 um (Y [i5] ) F1 748 wm (R ) o 25 YA
WGl TO0S K 2 W 1 F- 18 B2 A L T SR vk
AL, R T 0.79 mm A10.52 mm, R IE IR
SERULI  REMEH A T A RS

3 REFmA FRGER B EIE
SO AR G IR 0 2 T ORI
BRI , IR 2 M A A LA A I
A7 TR MR T A A WG BB B T
T E AR T A R 2 B T S
SN WS R R B B . AT R
KL o O 1T WML W 4 T . Kb

RIS

(b) 66 °C
4T T Fml A ks

(¢) =20°C

SHESR R S spoC R . o, [ SR i 61>
FIER BE A1 S0 5 FLAy 7 AT B8 2 2 s TR AR
(U 125 7 1) SR FHAT SR T A H00 i 5 3 422, A i 8
Ji WY 54~ H R BE[E S 2R, A TRV E TE R, LA
AR g0 45 R Sy JE U 38 Gk S AT B G Y M R
KPR ARE . MR F M EERNABRS, VIR
R R 20 °C.

Y

.

K4 RARE 1A BRI

FFEIE G (A PR TBORL, JF 2 & i AR R
Bl 00T KB AT 05 500, 4 B 46
FAE S Fs o miR AR T T, B R B
A9 18 B 43531 49 0.80 mm H10.56 mm , {15% 4 iR .
X H AT R 56 25 R A8 IE T 1A BT AL LA
A B TOUIRE R v TR 25 R 1.3%, IR T4
R H T 7%, HHTR 45 I I A B AR
16 TE %5 /0, 76 SCHR [ 10 ] e K 80 2 2% ] 1 K

(a) i TH Y

(b) AR T TE
K5 BERMEIE Jm R R T ARV IE (k)



316 BIERFEEHEAR

523 % 43

LR YR TS I 45 AR 2 7E 13% LA . A CIBIE
B (15222 3 06 T SOk [ 105222
R4 BAREERFEEZHEILE mm
HeHY 66°C  -20°C
PRI e 0.79 0.52
EIEJS A5 BTy (8 0.80 0.56

Sk i — 25 B UE U B U T AT R, 45
A [ SRR I S (57 4 R S T 16 B A
JE )R T B RE RIS | THEZ5 355 5 a0 &
6. 7R . AR SCRET , A R SR A
R T-00 T A1 5350 4 3.02 mm F12.59 mm;
PRAR Y B ARASTR L AH O B - T8 BE 2355 24 0.20 mm Al
0.19 mm. Hi AT UL, Ji B 0T ] I 25 BRI 4 At
eI o % A SR F Y T A B oo DL
BRI AR (IR 4) , AR SIS T R
S5 F P TE OB /0N (B 5 OIS IR R 45 2R 2%
SRR o BT PR AN AR BDIR S R
FEEATTAR UL 8 3 e 5C A, JFad ok ff Ak i $VZ JE
I A BRTEE R AT 8 1 X — Ik 2 il AT HAY
R -

(a) il TOUHAETE (b) AR TR
K6 Al S AR M i AR TE (1))

(a) IR THHVET (b) iR T BT
P 7 AR I SRR T 1) VIS TR (il )

WHE IR IERIR S50, 6 BAT 10 > R4
Pl R+ W AE il AR 50 25 00T s
AT R , 5 H 0K 8 Fis .

BRI T i R& MR TE 66 CHI-20 C T
TR S T8 BE 4390 A 1.13 mm . 0.78 mm, A H T %
e i A S TN W R T 8 7.61 mm

(¢) &% iR T
K8 KLk TN EBUR PV IE (1))

5.83 mm , % B BETT T R S PR R R A e 5 2

PEHEZR IR L T 5 | R VT .

(d) A=[E 3 TR TA

4 LERIE

AR DL 2R KLk WIS 4 L R T S B
IR A HL TR K T 17 5 9 BV T 5 I AR K 2
R T A, R 31 R 1 L/ 5 B I
S R TR T A R T80T 9 TR R0 i i 45
HE RS T B RIS S T 50T AT
B s AR T R 6 B T T 3V T A PR T
BIRUE IE L0 BRETETI% LA . e AR
TE RO S0, 1 ELTUR T 4% B R 24 A 0 #uts
TEAR . R 5400 45 B B0 T W R R A Ak
o 3T HVBTE R 00 SO 16 1 A BR TR 422
T AERIASTE A R TT 07 2L BUR (R , 7T R
LR TE BT B LA R B S P

SE -

(1] B0 AR, X168 55 2 A8 R R I T8 %o R 48
16 K JE2 114 52 0 475 53 [0 ). 38 U 5, 2013, 34.(5):
1-4.

(2] B 23 6] o] e TFE5 48 B0 VL 20 [ D 1. 74 22 P4 22 vy
TRHER,2012.

(3] EJIIT, 0k, 0, 46 R AR ki 132 B 2 R R i VIR
AR B 5 07 BT LT ] HLBK T2 2740, 2022, 58
(9):41-48.

[4] LIU Hui, WANG Wei, TANG Dafeng, et al. Thermal De-
formation Modeling for Phased Array An- (T 4£% 327 %)



5531 BERFEERAKR Vol.23 No.3

202546 H Radar Science and Technology June 2025

DOI:10.3969/j.issn.1672-2337.2025.03.009

E?%ﬁkiﬂiﬁl_ﬂ’]%km&h%ﬁ*ﬁ%

TIXET, REH, G, EXER, THE
(R Tl 2 A B e s 28O P B R A 7 T 20 TR A S0, I IRIL 430068)

 E: RAWREAE GGG A &Ko) 2 F 5, TR P ER IR A IR E ST 4 TR
8k 4E, A9 B AT AT RAMKE LA PR ILE Y ded, A & 8 A% A ARGIRA TS RARE TS T, 8k
RAFRF] A, }Q’T‘%*«ﬁi BHERBEARTRAELEREZ A, Eiﬂ-ﬂf’?l%ﬁk 4 &AL
REBETEREFTARAGAANEY £k, BAFEhBiE 2Rk FAREIREFY R4 KR
RABEH-RESLEHAIEE-F12A 559158, 35 5 A B 45 A48 0 A3 £ R BHE T 52 ILAF AR IR, 5
Jo il s ALk RT3 RN BAF S £, FREREN, KL Eard & b B ekt Koy Bk
PR A R GA 89.4% , S5 th G Th AR L AR B e R R AR A R R S AR
K ERETFTER; EARHHs £ FAERR; wERALF
HHE 4y 25 : TN958;TM755 SCERARARRD : A X ERS:1672-2337(2025)03-0317-11
SRR 7T AT, ATE T AIE, 5 R T8 Rk K 0 R ABUEE A7 o o ik (1] A A2 53 K ,2025,
23(3):317-327.
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Millimeter-Wave Radar-Based Obstacle Classification Method for Unmanned

Aerial Vehicles
GONG Wenxin, YU Zeyan, YANG Liuwang, CHU Wenjin, WAN Xiangkui

(Hubei Key Laboratory for High Efficiency Utilization of Solar Energy and Operation Control of Energy Storage System,
Hubei University of Technology, Wuhan 430068, China)

Abstract: Using drones for power line inspection is a crucial method to ensure the reliability of power line mainte-
nance. Accurately identifying obstacles during flight is essential for the successful completion of inspection tasks. How-
ever, the recognition of common obstacles during drone inspections, such as power lines, power towers, and trees, is of-
ten compromised by adverse weather conditions, leading to false detections or missed detections. To address this, a milli-
meter-wave radar-based obstacle classification method for drones is proposed, leveraging the radar’ s stability in com-
plex environments and immunity to weather and lighting interference. Firstly, by using millimeter-wave radar, the raw
data of the three types of obstacles are collected, and the range-velocity Doppler and range-angle Doppler information
are extracted. Then, the feature extraction is achieved through singular value decomposition (SVD) and gray-level co-oc-
currence matrix (GLCM), followed by classification of the three obstacle types using the secretary bird optimization al-
gorithm (SBOA ). Experimental results show that this method achieves an overall recognition accuracy of 89.4% for pow-
er lines, power towers, and trees, offering higher accuracy and robustness compared to traditional methods.

Key words: millimeter-wave radar; obstacle classification; feature extraction; SBOA
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WANG Guoli, YUAN Chenhao, YANG Xiao, et al. Signal Detection Method Based on Energy Pre-
Detection and Time-Frequency Denoising[ J]. Radar Science and Technology, 2025, 23(3):328-336.

Signal Detection Method Based on Energy Pre-Detection and Time-Frequency Denoising

WANG Guoli'?, YUAN Chenhao'?, YANG Xiao'?, DENG Zhian'?

(1. College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China;
2. Key Laboratory of Advanced Marine Communication and Information Technology, Ministry of Industry and Information
Technology, Harbin 150001, China)

Abstract: In order to solve the problem that existing detection algorithms cannot accurately extract the arrival
time and pulse width due to pulse splitting under low signal-to-noise ratio, this paper proposes a pulse detection method
based on energy pre-detection and time-frequency domain denoising processing. Firstly, the noise floor power is estima-
ted by using its spectrum of the signal to be detected, which is used for subsequent calculation of the detection thresh-
old. Then, the energy detection module is used to roughly locate the signal segment that may contain the target pulse.
The split pulse recognition and merging module processes each signal segment, merging the low signal-to-noise ratio sig-
nal segments with adjacent time into one signal segment. Next, the time-frequency denoising method based on synchro-
nous extraction transform is used to process the low signal-to-noise ratio signal segments to achieve the purpose of noise
reduction and false alarm pulses removal in the time-frequency domain. Finally, the autocorrelation detection method is
used to extract the arrival time and pulse width of each signal segment. The simulation results show that the pulse detec-
tion method proposed in this paper can be applied to various modulation types, including linear frequency modulation,
sinusoidal frequency modulation, Barker code phase modulation, single frequency and V-shaped frequency modulation
signals. When the signal -to-noise ratio is -1.5 dB and above, the method has a probability of over 95% to detect the
pulse and accurately extract the arrival time and pulse width.

Key words: pulse detection; noise floor power estimation; split pulse recognition and merging; time-frequency

denoising; autocorrelation detection
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Implementation of High Voltage Line Detection Technology for Airborne

Millimeter Wave Radar Based on TX2

ZHOU Yanlong, HE Chenyang, LI Mengxue
(AVIC Leihua Electronic Technology Research Institute, Wuxi 214082, China )

Abstract: High voltage lines, due to their small size and difficulty to detect, have become the primary threat to low-
altitude flight in recent years. Due to performance decline of traditional high voltage line detection algorithms in com-
plex low-altitude scenarios, an intelligent detection technology based on TX2 is developed to address the problem in this
paper. This technology centers around a convolutional neural network (CNN) and constructs two models: the deep gradi-
ent network (DGNET) for image segmentation processing and the grouped pooling convolutional neural network
(GPCNN) for peak detection processing. The models utilize radar echo data as input for inference, employing a post-pro-
cessing strategy to merge the inference results and extract high voltage lines. Engineered for airborne millimeter wave ra-
dar, this intelligent detection technology has been implemented on TX2 hardware platform with various task scheduling
mechanisms. Experimental results demonstrate that the detection performance of high voltage lines is robust and exhibits
excellent real-time capabilities, which can meet the demands of practical engineering applications.
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SUN Xu, FAN Mingyi, ZHANG Jiajia, et al. Analysis of Random Error Effects on Coherent Combination
Efficiency of Spaceborne Distributed Radar[J]. Radar Science and Technology, 2025, 23(3):343-348.

Analysis of Random Error Effects on Coherent Combination Efficiency of

Spaceborne Distributed Radar
SUN Xu, FAN Mingyi, ZHANG Jiajia, CHENG Musong
(The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China)

Abstract: Due to inconsistency of the amplitude and phase, the coherent combination efficiency of spaceborne dis-
tributed radar in the target area will change with the existence of amplitude and phase errors. In this paper, a theoretical
relationship between random amplitude-phase errors and expected combination efficiency is established based on the su-
perposition principle and mathematical statistics method. It simulates and analyzes the variation efficiency of the emis-
sion coherent efficiency under the condition that the amplitude and phase errors satisfy the uniform distribution, expo-
nential distribution and normal distribution respectively. The results indicated that the model can be used to analyze the
influence of random amplitude-phase errors on combination efficiency of coherent emission. The increase of amplitude-
phase errors will lead to the decrease of combination efficiency, and with the increase of the number of array nodes, the
influence of phase error on the combination efficiency will also increase.

Key words: spaceborne distributed radar; coherent emission; random error; combination efficiency
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Abstract: Detecting slow and small targets in a sea clutter background has always been a challenge in radar signal
processing. The time-frequency domain characteristics of such targets are often overlapped significantly with the charac-
teristics of sea clutter, making it difficult for traditional detection methods to effectively distinguish between the target
and clutter. To cope with the challenge, this paper proposes a method based on multi-modal decomposition and recon-
struction. Variational mode decomposition (VMD) and fractional Fourier transform (FRFT) are used to decompose the
target signal in a sea clutter environment, while energy entropy and singular value decomposition (SVD) are employed
to reconstruct the target signal. Experimental data verify the significant effect of this method in sea clutter suppression,
demonstrating its potential to substantially improve radar detection of small targets in complex sea conditions and pro-
vide new ideas and technical means for target detection in sea clutter environment.
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