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A review of research on target detection in the background of high frequency
ground wave radar and sea clutter
YANG Tong, SHANG Shang, LIU Ming, HE Kangning
( School of Electronic and Information, Jiangsu University of Science and Technology, Zhenjiang 212003, China )

Abstract: The advantages of high-frequency ground wave radar with long detection range, all-weather, and real-time
accurate detection are widely used in the field of target detection. Aiming at the problem that sea clutter can interfere with
target detection, this paper comprehensively evaluates the target detection method in the background of sea clutter from the
aspects of nonlinear prediction, fractal, subspace decomposition, and cancellation. Summarize relevant domestic and foreign
literature, and put forward the prospects of the current methods. It provides a reference for further research on the problem of
sea clutter interference in the future.
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Fig. 4 Sea clutter suppression process in the image domain



2020 4 11 H =M OEE - 43 -

2 HERIE

@élﬁl AR we T BARRI ik, ANAE HARL T A% ik DX AT, A LA S e 114 Vg 24 e 100 ol
B M EAR S A F S EGREIR, IR E S =R R LRI s, BT, SBA R
T2 AR s N BFrAE . NIk, RREKBEE 2N 51 A IS B4R Hir
R

@73 AN I RIOR 232 B PR RS SHOR B 2 m, S EIUE R TRRAIRGY . TEHEAR
U TRt IR IG5, TTIRSEGEBEA Y S R AR B SAIFR . JEZbEma ke, Bz
B A T N PR A TR iR . R, A EXNE S S A TIRAMEIE , AL SR LA 1 2 )
HArmTHAEH

SE

(11w, JIAR, BAEA, S5, mdiih PR AR B IA REHOR[T]. ML IR 2441, 2013, 28(5): 999-1009.
GAO Huotao, ZHOU Lin, ZHAO Huagqiao, et al. High-frequency ground wave sea state detection radar antenna
technology[J]. Chinese Journal of Radio Science, 2013, 28(5)' 999-1009.

[2] fATRESE, WM. AT T A AL IR ST SR (D). SRR S, 2019, 40(4): 10-16.
HE Kangning, SHANG Shang. Research review of sea clutter suppression methods for high frequency ground wave
radar[J]. Journal of Telemetry, Tracking and Command, 2019, 40(4): 10-16.

[3] SEKINE M, MUSHA T, TOMITA Y, et al. Weibull-Distributed sea clutter[J]. Iee Proceedings F Communications Radar
& Signal Processing, 1983, 130(5): 476.

(4] W, SRS, AR B AT RR A 7 EL BT[], AL T TR, 2018, 38(9): 7678, 94.
GAO Zheng, ZHANG Anqing. Simulation analysis of the typical amplitude distribution model of sea clutter[J]. Ship
Electronic Engineering, 2018, 38(9): 76-78, 94.

[S] WATTS S. Radar detection prediction in sea clutter using the compound K-distribution model[J]. Iee Proceedings F
Communications Radar & Signal Processing, 1985, 132(7): 613.

[6] FMRE, &, Rite. FETUE it BN BARKII]. B 515 B4R, 2013, (4): 882-887.
SUN Kang, JIN Gang, ZHU Xiaohua. Detection of small marine targets based on wave analysis[J]. Journal of Electronics
& Information Technology, 2013, (4)' 882-887.

(7] #hkE, 2R, U, 55, WAL R T AR TR RS A F AR I (], UL S5, 2010, 29(5): 45-48.
HAN Changxi, LI Zongwu, WU Nan, et al. Target detection based on chaos theory under the background of sea clutter[J].
Microcomputer & Its Applications, 2010, 29(5): 45-48.

[8] WIS, ETT, Tk S =P/ BRI EEFR ). (55 40H, 2014, 30(1): 106-111.
ST Wentao, TONG Ningning, WANG Qiang. Research on small target detection algorithm in sea clutter background[J].
Journal of Signal Processing, 2014, 30(1): 106—111.

91 J57, TA, Bifh. 22075 5 N A9 GRNN /N EHARKGIN[]. ks EAR, 2012, (2): 4-7.
LU Ning, YU Cai, TANG Wei. GRNN small target detection in the background of sea clutter[J]. Fire Control Radar
Technology, 2012, (2): 4-7.

[10] EEJF&E, XU, JAAR, 45, HT GRNN FIMFAE G 77 2298 B A A DA HI[1]. IR, 2014, (7): 72-76.
BI Jingzhang, LIU Rong, ZHOU Xichen, et al. Sea clutter suppression based on GRNN and time window variance
filtering[J]. Telecommunication Engineering, 2014, (7): 72-76.

(11] FBLLA, ATz, fRfh. IR SR iRes (E 5 G i AR M4 5k 0], (55403, 2015, (3): 336-345.
ZHENG Hongli, XING Hongyan, XU Wei. Echo state network method for weak signal detection in chaotic
background[J]. Journal of Signal Processing, 2015, (3): 336-345.

[12] #R1E. SET G/ INE 28 2% 13 2 TN [J]. Fe 1521 TR, 2015, 23(18): 34-37.
XU Ting. Sea clutter prediction based on genetic wavelet neural network[J]. Electronic Design Engineering, 2015, 23(18):
34-37.

(131 #E&H, XK, Bhon. RAVE B M2 T 2 B AR INBTTE[)]. {5540 BE, 2018, 34(9): 1053-1059.



$44 - ¥ BEF, SPMKEEREREERTBRENMRER % 41 B4 6 ]

(18] X

(19]

(21]

[22] X

[24] 1

LOU Qizhe, LIU Le, YAO Yuan. Research on sea surface multi-target detection using convolutional neural network[J].
Journal of Signal Processing, 2018, 34(9): 1053-1059.
KAPLAN L M, KUO C J. Extending self-similarity for fractional Brownian motion[J]. IEEE Transactions on Signal
Processing, 1994, 42(12): 3526-3530.
LO T, LEUNG H, LITVA J, et al. Fractal characterisation of sea-scattered signals and detection of sea-surface targets[J].
IEE Proceedings F Radar and Signal Processing, 1993, 140(4): 243.

FA, Kk, W5, & OWANCP AT R E R ARSI 0], KEER AR, 2008, 37(2): 10-13, 38.
LI Xiuyou, GUAN Jian, HUANG Yong, et al. Target detection method based on extended fractal in sea clutter[J]. Fire
Control Radar Technology, 2008, 37(2): 10-13, 38.
KA X7 EEPR, %. W FRET 350 2 HE0 B RS BArkili[J]. /554030, 2013, 29(1): 1-9.
SONG Jie, LIU Ningbo, WANG Guoqing, et al. Approximate fractality of sea clutter FRFT spectrum and target
detection[J] Journal of Signal Processing, 2013, 29(1)' 1-9.

XU, KRB, ERR, 55, TS0 FRFT jEZ RUZ Hurst F88000 HARKI L[], B 7244k, 2013, 41(9):
1847-1853.
LIU Ningbo, GUAN Jian, WANG Guogqing, et al. Target detection method based on multi-scale Hurst index of sea clutter
FRFT spectrum[J]. Chinese Journal of Electronics, 2013, 41(09): 1847—1853.
W%, BE, B, S MR AR SRR R KA BARKGIN Jr i (7], P9 i TR R, 2017, 44(1):
65-70.
FAN Yifei, LUO Feng, LI Ming, et al. The extended fractal characteristics of AR spectrum of sea clutter and weak target
detection method[J]. Journal of Xidian University, 2017, 44(1): 65-70.

KT U, SCHE. AR Z BB HE B SCHEEE F ShERIRD]. WA TR eI, 2008, 23(2): 126-131.
LIU Ningbo, GUAN Jian. Multifractal determination of sea clutter and automatic extraction of generalized dimension
spectrum([J]. Journal of Naval Aeronautical Engineering Institute, 2008, 23(2): 126-131.

XUT, M, R, A WEEAIOE 09 2 FOMBRHE T[], T ERA(S B R), 2013, 43(6): 768-783.
LIU Ningbo, GUAN Jian, SONG lJie, et al. Multifractal characteristics analysis of sea clutter spectrum[J]. Science in
China (Information Science), 2013, 43(6): 768-783.

X7, RS, bR, S WA FRFT 351 2 H BRI 5 B [I]. 5 5403, 2013, 29(1): 1-9.

LIU Ningbo, WANG Guoqing, BAO Zhonghua, et al. Multifractal characteristics and target detection of FRFT spectra of
sea clutter[J]. Journal of Signal Processing, 2013, 29(1): 1-9.
SCHE, XUTE, a, AR A 2 EOME SRR S s BRI ], BT S5 B AR, 2010, 32(1): 54-61.
GUAN Jian, LIU Ningbo, ZHANG lJian, et al. Multifractal correlation characteristics of sea clutter and weak target
detection[J]. Journal of Electronics & Information Technology, 2010, 32(1): 54-61.

TS, 287, Wb, AT 5T/ BARRIN 0538 7 i ], BB, 2012, 61(16): 70-79.
XING Hongyan, GONG Ping, XU Wei. Fractal method for small target detection in the background of sea clutter[J]. Acta
Physica Sinica, 2012, 61(16): 70-79.
TSE, MAE. T m RIEME 22 M2 I 5T /N BAR 1] BURTEIE, 2017, 39(3): 29-33.
XING Hongyan, YANG Cenrui. Small target detection under sea clutter based on high-scale fractal difference[J]. Modern
Radar, 2017, 39(3): 29-33.
TG, GRS, AN, S, AR DR TR IR AR T R T MM R BRI oY R [J]. TR, 2016, 40(9):
140-144.
WANG Yiming, ZHANG Jie, JI Yonggang, et al. Research progress of ship target detection under the background of sea
clutter by high frequency ground wave radar[J]. Marine Science, 2016, 40(9): 140—144.
S, T, FTEEE. BT R S E A FR IR0 BARKEIN 72 0], BT RO R, 2019, 48(3): 326-330.
WU Linyong, MAO Jin, BAI Weixiong. Radar small target detection method based on singular value decomposition[J].
Journal of University of Electronic Science and Technology of China, 2019, 48(3): 326-330.
W, BRAL, SR TR LT A S E SRR OTHR MR PN HI S (). ARG TSR TR, 2014, (5): 872-878.
BO Chao, GU Hong, SU Weimin. OTHR sea clutter suppression algorithm based on high-order singular value



2020 4 11 H =M OEE - 45 -

[29]

[31]

[34]

decomposition[J]. Systems Engineering and Electronics, 2014, (5): 872-878.

KPS, WREESC, BPR. — Pl et f) B T W 135 W LG - o S 20k 1) R D LR 7 3k 1 3 I 98 2= S ) S0k 0]
ML 515 H 224, 2019, 41(7): 1743-1750.

GUAN Zewen, CHEN Jianwen, BAO Zheng. An improved sky-wave over-the-horizon radar adaptive sea clutter
suppression algorithm based on peak signal-to-noise ratio-high-order singular value decomposition[J]. Journal of
Electronics and Information, 2019, 41(7): 1743-1750.

B, PRESC, BIPR. —FCHER) OTHR FUERIEASAM T IE D] RO TRSHE THAR, 2012, 34(5): 909-914.
ZHAO Zhiguo, CHEN Jianwen, BAO Zheng. An improved OTHR adaptive sea clutter suppression method[J]. Systems
Engineering and Electronics, 2012, 34(5): 909-914.

R, S, EERA. BT HRRAE A 2RI T IA )], R, 2016, 31(1): 85-90.

WEI Na, LI Xue, LI Tiecheng. Multi-mode clutter suppression method based on eigen-decomposition[J]. Chinese Journal
of Radio Science, 2016, 31(1): 85-90.

ST, (T, Y. A PR KU L A MUK ). 715 £ 24, 2004, 26(4): 613-61.
GUO Xin, NI Jinlin, LIU Guosui. Ship detection of sky-wave over-the-horizon radar under short-coherent accumulation
conditions[J]. Journal of Electronics & Information Technology, 2004, 26(4): 613-618.

TG, B, TR, A U R A B R AR ER XTI (D). VST, 2015, 46(2): 278-284.
WANG Yiming, MAO Xingpeng, ZHANG Jie, et al. Boundary-constrained cyclic cancellation of sea clutter from
high-frequency ground wave radar[J]. Oceanologia et Limnologica Sinica, 2015, 46(2): 278-284.

Wk, VG, WBFE. TR Prony Bk MBI G ER X IHIE D], BURTRIX, 2011, 33(6): 53-57.

YANG Lian, SUN Hemin, PAN Xinlong. Sea clutter cancellation method based on extended Prony algorithm[J]. Modern
Radar, 2011, 33(6): 53-57.

F1PEsE, ZESCHE. BT FRET B AL0HE 10T s 3 Bkl (1], H-5 R 50, 2012, (6): 61-63.

YIN Deqiang, LI Wenhai. Detection of sea surface moving targets based on FRFT shift cancellation[J]. Journal of
Circuits and Systems, 2012, (6): 61-63.

WrzeT7, BRiAZe, ZRIEMR. FR- MO0 D AR EE R A PRI e A 7 i [J]. L7241, 2010, 38(2): 387-392.
CHEN Duofang, CHEN Boxiao, QIN Guodong. Sea clutter suppression method for shore-to-ship bistatic
over-the-horizon radar image domain[J]. Chinese Journal of Electronics, 2010, 38(2): 387—392.

(14 B A

L

o & 1997 A, ME, TR @A ST A5 LA B AR,

oo B, 1982404, &A%, MEAFIT, TEMR A A SINMET EE T AL
P IR

x| B 1997 A, ML, EEHRG@ASKRET AT AEFT LN,

FTRT 1996 SF4, ML, TBHRTH @A SMHIKE B35 5 LI A il J2 K374,



