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Review on target detection in the background of strong sea clutter
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Abstract: High-frequency ground wave radar is widely used in the detection of sea targets, and sea clutter has stronger

dynamic characteristics due to distributed scattering, and usually becomes the main interference component of sea target
detection. Therefore, the key to target detection under the background of strong sea clutter is how to effectively suppress sea

clutter. This article summarizes the sea clutter suppression technology from the aspects of cyclic cancellation, subspace
decomposition, model prediction and fractal features to provide a reference for subsequent sea surface target detection.
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Fig. 1 Flowchart of target detection in the background of sea clutter based on cyclic cancellation
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AR 4 B S AR BA TR TEARE TR AR D RPN AT IR, SRR ) T8 I e 1) A Fnd

RS T DR 25 ST FBR ARSI o ph T2 o] A 222 R0 28 (1400 S (EDR 1 22 R 28 RN R R BSE L, h T
PE— DA i TR S, SCHR[26 1K SCRF ) AL R ZE 28 SR ARZS &, JlLE SVM BVEAS 31 (1 SCHF )
AR E A2 R 2R R SR AR SCRR[27 38 b AR X 22 4 4 % R B S R A o s A (L

FrOUEAE, B 1 PR M2 A PRI 2

XHEGERIEIIS Ik . 23 AR TT 12 DL R ARZ AR50 I bR A T 07 EOX L o S e FH )
B I [ A A T (Y SR, RS 30 MR RAOTAY R, R SRR 2 R Y IR

—MIREHE W BbR(EYS, FIAR TAEMS R 3.7 MHz, REEREIEA 0.149 s, (R MNE 5 Pis.

-30 . =30 Y

R et — X e A — P
ot B A e —aop BEREE BRI
-0 ] 1 -50 _

amplitude/dB
4
(e
amplitude/dB
4
S

—-80 -80
—90 =90 ¢
-100 t —100 1
-0 0 5 105 0 5
Doppler frequency/Hz x10° Doppler frequency/Hz x10°
(a) JEERXE T IEVEL Fits 2 (b) & B M TT R T2 A
(a) Circulation cancellation algorithmfor sea clutter suppression (b) SVD method for sea clutter suppression
=30 , TPt -30
w0l BFHE S ey IRk g Ze g — AR K

e ~4o0p - HiE B =

g 60| g 60}
< 3
2 70 2 70
S 80 Z 80
g 5
—90 =90 1
—100 t —-100 1
R 0 5 -0 0 5
Doppler frequency/Hz x10° Doppler frequency/Hz x10°
(¢) AR LIS T Al (d) RBFRIZEFIZETT LR FilE A P il
(¢) SVM method for sea clutter suppression (d) RBF neural network method for sea clutter suppression

B S ZAro kAT A )
Fig. 5 Various methods for sea clutter suppression



2022 4F 1 H E N OE <17 -

MATESR AT LA, Y MG S SR 28 WA BRI, AL GE MR 5k A
TR ERRASREAR S X 3t 2t 5 B ARE 5, TEIIRIEE 2 ) [ AR 25 5 S B H RS S ol
s AT IR AL AR LA E RN Iy . SRRl AL S0 Jy 12 A R AR o) e 28 P 248 F30 0 52 R LU A
bt , IR BisfE 5.

XFF—ZR AN AL TN 7 2%, RERESCBLXS 2 TR , 1) PRI % 2 S B0 HARROASIN . HAE
AN T AT IRAFAE A —LE [T ZEA MR R e, XTSRRI 8 I Aa A ], F B ]
T RE LA X BARRIREGE ST o S35k, XTI SECRZ R I Tam Ok, e i
AR HE P9, AW S R A SR R, S A R A
14 EToRAFERBiran

LAY ) — RGP SR E RN, 3R BRIR S GG £ B2 3 BT 5 X R AN N R . el T
MPER I EA B ZAEE, N T REBIRIE 25 BAFIE, LO S5 N5 AL HIR X 2 i 4 P it
Fr A3 LR R o T2 05 L RR R0 050 T RO ], 247 2 5 BT 90 T P9 B Bt , Hurst
TR Z R, ZAL RN Hurst S8 80800 BAR{E S 80K . SCER[29] AR > £cAi I BE e O 5k
filh, $2h T —F PO Hurst $88009 7746, &0 7 BARKIN AR, FESEBR I, AU B—) 7 4
BO A THEA A BEHERR M S W RHAE, SCRR[301il 1t ZFH MBS E G Bir. ZENIE
ZHORESPE BB R b, X T2 A B A S B T2 A B G, T LA S RO A S 7 4 b A
R AR VA G 1 SR A ) 22 TR T M, B TR R T A E ARSI D ik B T AT
N JE ST SR AL TR

SCRHE AR AR ISR R & e, 2575 P24 )OSR R i ik S 2 454, #ih—
FHEETY K 2 R Hurst 800 BRI, AR T HArrEge . rmEtles Ngia 2 &
GG RS AL, ST R HE 2 BN ARSI 5 o O v IR B A o, AR
TS FRERR AR R, T — CPYAR R — R T [ BIERS A9 2 K% Hurst 385000 ARSI % .
T B BLAt 54 FRET ( Fractional fourier transform ) BEARCRSE HARATRE TS, TIHEAR I AIMELIIS 3]
AR, R VA N T o S L A S T2 22 MRS E ARSI, BN T H AR
S AT I 1 22 5, s TR SRR RE Sy, HOR AR E A 6 s .

?E%&l”l IREE R T N i!:ﬁﬁ)ﬂﬁé’fﬁ H}}Jkiéﬁ: ENEY S
hE e AL AR B Fleas i)
6 ATHWaEIE R AR R
Fig. 6 Flow chart of target detection based on fractal features

W4, L EETEAR SR — SIS C Tz W], BWAAE— S A Tk . 44O E )
R SRINK, 75h, BERTREOREE 2, X T BRI UK EE /B BHE AN BE S8 4 12
Ko M REE T UAWARER, FZ8ie S INEME S, EINRA A R, A
W 2l S T A H ARG e

2 HRiE

XF T R T A AR PR 5 T R, AT S AR b . FRT, &R P T 1A
ARG T 2G5S T o B TR AR 7%, SON PGB R B U AE 1 Ao
MRS, XPRITEEN TR 5 A X AN, 35028 BARE 5 S A i 22 e it , il
2R IR RN A Sy i iH s, I BARMER & LRSI R, BT TS IR ik, 5 H
PRAL T2 U 0 228 B N el IR, 5 S ECHARS il F iR, B LT SCRpmi
PLEA TR PR A 7705 , X T4k RS BB SR R AT S B i e A R tt— 22 e
F IR 22 P28 EA T HF AR RS IO A 7105, P22 28 S5 A B AN [] LA B 22 288 R0 I AL S B e kT 2
EHSZ I A FRROREMERE . S5 T ERHE R FRRAIN , 2SS0 DX ] 32 B0 LK R IR S A2 R



<18 - KAEZE, BBREERT BHRENG AR 5543 B4 11

XHEFAPAE I DX TE] B IR B AL T HR 22K, A Fr TR A Wi A A Re P , 3 e H AR IR BE

éﬁﬁzvﬁ&fﬁ$ﬁmgﬁ% T, AT R AR B, AN FARE S AR R B

FR) XA

[10]

[12]

[13]

[14]

[15]

RPN

e, fLAEH, 20KRI, 5 2T GIS BRI R Ik Bl AR 5 A IR LS /R[], R, 2015, 39(7): 86-92.
WANG Ruifu, KONG Xiangchao, JI Yonggang, et al. Expression, processing and display of high frequency ground wave
radar echo signal based on GIS[J]. Marine Science, 2015, 39(7): 86-92.

ROOT B T. HF-over-the-horizon radar ship detection with short dwells using clutter cancelation[J]. Radio Science, 1998,
33(4): 1095-1111.

SRR, LR, XIS A TR T RO LR R R A ARSI [T]. Ho 515 B2, 2004, (4): 613-618.

GUO Xin, NI Jinlin, LIU Guosui. Ship detection of sky-wave over—the—horlzon radar under the condition of short-coherent
accumulation[J]. Journal of Electronics and Information, 2004, (4): 613—618.

W, IVEE, WEHTE. BT R Prony Hk A ARBAEIANHHIL]. BACEIA, 2011, 33(6): 53-57.

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

TG, XS, KA, S LI T IR A A LRI (], TR S, 2015, 46(2): 278-284
WANG Yiming, MAO Xingpeng, ZHANG lJie, et al. Boundary-constrained cyclic cancellation of sea clutter in
high-frequency ground wave radar[J]. Oceans and Lakes, 2015, 46(2): 278-284.

WANG G, XIA X G, ROOT B T, et al. Manoeuvring target detection in over-the-horizon radar using adaptive clutter
rejection and adaptive chirplet transform[J]. IEEE proceedings-radar, Sonar and Navigation, 2003, 150(4): 292-298.

BUGEIE, PRESC, SPR. — SR OTHR FUENEEAIANHIINED]. ARG TS THR, 2012, 34(5): 909-914.
ZHAO Zhiguo, CHEN Jianwen, BAO Zheng. An improved OTHR adaptive sea clutter suppression method[J]. System
Engineering and Electronic Technology, 2012, 34(5): 909-914.

XER, FHE. BT T2 MBS R 2R I A 0], AR, 2018, 42(06): 58-63.

LIU Dingzhi, WANG Daoqian. Fast clutter suppression method based on cyclic subspace projection[J]. Television
Technology, 2018, 42(06): 58-63.

POON M W Y, KHAN R H, LENGOC S. A singular value decomposition (SVD) based method for suppressing ocean
clutter in high frequency radar[J]. IEEE Transactions on Signal Processing: A publication of the IEEE Signal Processing
Society, 1993, 41(3) : 1421-1425.

S, T, B BT A S E M AR IR FARKE TR [T]. RO, 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.

Wi, L, RIS BT R Ar R E A OTHR MM HI BAD]. RE TR SR TR, 2014, 36(5): 872-878
BO Chao, GU Hong, SU Weimin. OTHR sea clutter suppression algorithm based on high-order singular value
decomposition[J]. Systems Engineering and Electronic Technology, 2014, 36(5): 872-878.

FARN, SR, KNI, S A TR IR AR I R A IR I A 0], TP R R (A AR AR, 2015,
45(3): 122-127.

WANG Yiming, ZHANG lJie, JI Yonggang, et al. Time-frequency-matrix joint method of sea clutter suppression for
high-frequency ground wave radar[J]. Journal of Ocean University of China (Natural Science Edition), 2015, 45(3):
122-127.

Tk, HRE, RUMER, 55 55T A 25 MO Ak ). B 2R, 2021, 36(4): 645-652.
WANG Longgang, YUE Xianchang, WU Xiongbin, et al. An algorithm for suppression of sea clutter in spatial domain
based on singular value decomposition[J]. Chinese Journal of Radio Science, 2021, 36(4): 645-652.

KFEF. IS AR EBORBIF[D]. Pa%e: P4 i TR 7, 2007.

ZHANG Baobao. Research on modeling and simulation technology of radar clutter[D]. Xi'an: Xidian University, 2007.
HHIER, REHE. BT K S R A B RS [T]. isRkEE S EIR, 2016, 14(1): 86-90.



2022 4E 1 A E N E ¢

H}

« 19 -

[16]

[17]

(23]

[24]

[25]

(28]

[29]

[32] Z=FH

CAO Yanxia, LI Guojun. Research on sea clutter simulation method of shipborne radar based on K distribution[J]. Radar
Science and Technology, 2016, 14(1): 86-90.
KA, WiEoR. MG EE A A AL ST (3], IR TR, 2015, 38(19): 15-18.
SONG Ying, JI Guangrong. Research on the amplitude distribution model of sea clutter[J]. Modern Electronic Technology,
2015, 38(19): 15-18.
XUk, PMEIE, T 5, 55 FET SIS i SRR B A A BT L AT ], TR EL, 2017, 34(5): 448-452.
LIU Ningbo, SUN Yanli, DING Hao, et al. Comparative analysis of typical amplitude distribution models based on
measured sea clutter[J]. Computer Simulation, 2017, 34(5): 448-452.
GEORGE 8. The detection of nonfluctuating targets in log-normal clutter[R]. NRL Report, 1968:6796.
SEKINE M, MAO Y. Weibull radar clutterfM]. London: Peter Peregrinus, 1990.
SAPANKEVYCH N I, RAVI SANKAR. Time series prediction using support vector machines: A survey[J]. IEEE
Computational Intelligence Magazine, 2009, 4(2): 24-38.
MUKHERIJEE S, OSUNA E, GIROSI F. Nonlinear prediction of chaotic time series using a support vector machine[J].
Proceedings of the IEEE Workshop on Neural Networks for Signal Processing, 1997 (7): 511-512.
B, &XJ). ST XML e/ N e Sl ML TR A T S h AR (5 S AT, Py, 2010, 59(1):
140-146.
XING Hongyan, JIN Tianli. Weak signal detection in the background of chaotic sea clutter based on dual-constrained least
squares support vector machine[J]. Acta Phys. Sin, 2010, 59(1): 140-146.
PN, AT, RAME JET IA-SVM BURIRRR /MG SR 57 [T]. SRIN-S54% 612741, 2020, 42(3): 119-125.
SUN Jiang, XING Hongyan, WU Jiajia. Chaotic small signal detection method based on IA-SVM model[J]. Journal of
Detection and Control, 2020, 42(3): 119-125.
MR, REL, BIRT. WA TR IR T, R TR S THR, 2004, 26(2): 178-180, 244.
LIN Sanhu, ZHU Hong, ZHAO Yigong. Analysis of chaotic characteristics of sea clutter[J]. System Engineering and
Electronic Technology, 2004, 26(2): 178-180, 244.
PREE, BMG K. M2 R T AT RBF MM BARRRmI]. FiaRHE 550K, 2005, 3(5): 271-275.
CHEN Ying, LUO Pengfei. Target detection based on RBF neural network under the background of sea clutter[J]. Radar
Science and Technology,2005, 3(5): 271-275.
2 K. JET RBF M2 R 2 AU P AM I L DT IE (D). IR/RTE: M/RIE TR, 2009.
LIANG Guoliang. Research on sea clutter suppression algorithm based on RBF neural network[D]. Harbin: Harbin
Engineering University, 2009.
ik, B WG 57T 9 PSO-RBF 55 FARGN[I]. LTI B4R, 2019, 42(7): 35-39.
SHI Jia, XIA Deping. PSO-RBF weak target detection under the background of sea clutter[J]. Electronic Measurement
Technology, 2019, 42(7): 35-39.
LO T, LEUNG H, LITVA J, et al. Fractal characterization of sea scattered signals and detection of sea-surface targets[C].
IEE Proceedings F(Radar and Signal Processing). IET Digital Library, 1993, 140(4): 243-250.
CHANG Y C, CHANG S Y. A fast estimation algorithm on the Hurst parameter of discrete-time fractional Brownian
motion[J]. IEEE Transactions on Signal Processing: A publication of the IEEE Signal Processing Society, 2002, 50(3).
HU J, TUNG W W, GAO J B. Detection of low observable targets within sea clutter by structure function based multifractal
analysis[J]. IEEE Transactions on Antennas and Propagation, 2006, 54(1): 136-143.

AT, SRS, BRR, A IR Z BRI AT, BiRAE S AR, 2006, (2): 168-173.
SHI Zhiguang, ZHOU Jianxiong, ZHAO Hongzhong, et al. Analysis of multifractal characteristics of sea clutter[J]. Data
Acquisition and Processing, 2006, (2): 168-173.
K, REE, WE, GF WERPChEET Y RIER BRI 5[], KAEFRIAEOR, 2008, (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, (2): 10-13,38.
TTREEE, 3257, Al MR 5T/ BARIIN 0 43 Iy 1] I3EAR, 2012, 61(16): 70-79.
XING Hongyan, GONG Ping, XU Wei. Fractal method for small target detection under the background of sea clutter[J].



« 20 -

KAEZE, BBREERT BHRENG AR 5543 B4 11

Chinese Journal of Physics, 2012, 61(16): 70-79.
[34] JE—%, B, AW, AR AR YRR XA BRI Tk )], PEEH TR RS, 2017, 44(1):

59-64.

FAN Yifei, LUO Feng, LI Ming, et al. Sea clutter AR spectrum extended fractal characteristics and weak target detection
method[J]. Journal of Xidian University, 2017, 44(1): 59-64.
[35] FEHE, FKI4EL, T3 FRFT RN REEA S 2 oA HARKEIN )], B aUR AR (A A FHF), 2017, 53(4):

731-737.

GU Zhimin, ZHANG Xinggan, WANG Qiong. Multifractal characteristics and target detection of sea clutter in the FRFT
domain[J]. Journal of Nanjing University (Natural Science), 2017, 53(4): 731-737.

(1 B
REE
K 3%
*

1998 4,
1982 SF4,
1997 F 4,
1997 4,

MR A, TR T A5 B AR G 2R E 4.

BlHIR, AT, TRARTFT QAT EETRILE R 7 BT
MEARAE, ERAR T € A5 B AR L b B & 2 kA4,

ARG A, ERAR T e AT T,

(KX 3 HmEm)



