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Abstract: Polarization is a property applying to transverse waves that specifies the geometrical orientation of
the oscillations. This paper proposes a method for detecting small targets on the sea surface based on the
combination of polarization features of two models. The scattering mechanism of sea clutter is random
scattering at low glazing angle or glancing angle and the randomness is high as the angles do not have any
specified shape. However, a target has a specific shape, and thus, the randomness of scattering will be less.
Clutter is a term used for unwanted echoes in electronic systems, particularly in reference to radars. Such
echoes typically return from ground, sea, rain, and animals/insects. In this literature, the randomness of a
scattering mechanism in an echo is obtained from the probability density functions of polarization entropy
using the Cloude decomposition model. Further, the proportion of scattering at spherical, dihedral, and helicoid
angles from the target echoes will be different in the sea clutter. Therefore, the relative coefficient of power of
these three scattering components in each echo is extracted based on Krogager polarization decomposition.
Then, polarization features with good separability and complementarity are selected to form the polarization

feature vector, and the characteristics are verified by Principle Component Analysis (PCA). Finally, One Class
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Support Vector Machine (OCSVM) is used for classification and recognition based on the polarization

decomposition feature vector. Instead of single-polarization detection methods, our method uses two

polarization modes to extract the decomposition features with separability and complementarity through

polarization coherent decomposition and incoherent decomposition, respectively. The experimental results of the

IPIX data show the effectiveness of our method. Thus, the detection performance of our model is better than

those methods based on single-polarization decomposition in complex and difficult sea conditions.

Key words: Sea clutter; Target detection; Polarization characteristics; One Class Support Vector Machine

(OCSVM)
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Fig. 1 The 2D scatter graph corresponding to the characteristics of clutter cell and target cell in each dataset



44

WRtthE A BT AIBC A RAAE A ¥ T ARSIl 77 ik

669

TEING DR AR X —REER. 446
OCSVM, #EA LR AR a0 R -
(1) REEWAEEZHE, B F A E 1)
18] 7 FUAE N SEBGRE A
(2) X FT AR AT Cloude FlKrogager A4
fE A, - GH, Ga, Kis, Kia, Ken 8 B YERR
A RFAE,  F53 79 N BRI 28 AR 25 (138 7R 4l
FW, 13278 HAREITEISE), 1 NseieHidnde;
(3) IEHCHTL /20 22 BEAE AP ZROCSVM, 18+
A% R A
(4) EHUG 1/ 20 LR EAR R T A BARFEARIE N
DARAEAS,  FI IR IO CSV MU I 35 S e
BFEA R Al J2 8 2 H b o
T AARFAE ARSI 35 (1 AR B an B 2 o
4 HNHERES AT
TR, AR SCIE I 7E19934F FITPTX 4L
I I6AIE AT R A v M B . 8 HERR R CRr AR
R Fp L BV A ST ERIERE. CpiK, Fg
RN, I T P BT
CR:Mﬁ%¢E%%%%ﬁ$ﬁ
MREM SEAY
FPAH 2 A H R IREA KL
J % (0 SR AR L

Fg =

4.1 FEIEBEER T ERE N BE

TE19934F I B 45 HH (BR#£26 R4 301X 5 /™ i s
ERIFPHTCRLILA), RIS AW IT 104,
HARZ U e NI RN R, IS4
F 5 [T R RT3 FEARIZROCS VM, AR 1416
F U AN H AR FEAHEAT MR . B 4 (#26 F1 #3005
A8 R4 BB N R 2B 7

N0 B 1) A B BN 9n mis (n T HUME M 7 H
12), UL B o0t N RFE ) A A8 1024,
512, 256, 128, 64132, KE3FKIRH T iZ T IEEAIR
ST (8] R PRI PR R, e H 7K AR R 2R 7 W e
T61] (ORI 1] 27 msF2'2 ms), T ELAR KR & 6 I
MERT R . B XFOCSVMBSEKI MO, K
FrAEN0.01 R, EANREE20% LA . M3
A DL H %7 VR AR A (R0 R T g A 1
U o BEEE I BUREANFEA B X0 s B g n, A B
T B 24 U8 P [ A Hp B [ SRR e BB I, U
A HARRE A SRR 2 R AR SRAR 1 18] 38 A5 24
D] b MR AS v SR b R0 2% R AS RS AAE 7T 43 1
W, TR S TARIIERE . BLAE 2 b A 4R
PR I 7 i 2 TEE 7 v 115 44 U AR M B 4
4.2 TEWRZERE T 77 AR gE

X T AR AE PR SR AR UL, R R
. 2R Sigmoid BB LA K = % B

FRIEHREHL
Cloude N T
— s B -
EPRE b BB e > OCSVM (— i
Krogager || RILP,, Py,
AL Py al |
BN S = TUE - RRIERREL

B 2 B T RRALIDE A R AL (K T AR AR &

Fig. 2 Flow chart of surface target detection based on polarization joint feature
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Tab. 2 The description of experimental sample number
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256 5120 512 2560 2560 512
512 2560 256 1280 1280 256
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4096 320 32 160 160 32
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Fig. 3 Detection accuracy of different data sets in different observation time
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Tab. 3 The detection accuracy of OCSVM in the three datasets with different kernel functions
el LR R B E2U BTk Sigmoid % ek 4L T B B
#54 50.49 91.91 74.51 96.81
#280 61.76 72.79 70.10 89.07
#311 33.82 86.27 76.72 95.10
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Tab. 4 The detection performance after different polarization decomposition

Hl s AT 0 K % (%) M (%)
(Gh,Gal 65.63 18.75
#280 [Ks, Kg, Kp] 90.19 2.38
(Gu,Ga, Ks, Kg, K3] 91.02 2.19
(Gr,Gal 82.81 7.81
#311 (K, Ka, Kp] 96.88 2.38
(G, Ga, Ks, Kq, Kp] 97.79 1.72
(Gh,Gal 25.00 18.74
#320 [Ks, Ka, Kp] 95.94 1.56
(Gu,Ga, Ks, Kq, K] 98.57 1.25
(Gr,Gal 86.88 4.69
#54 (K, Ka, K] 95.94 2.38
(G, Ga, Ks, Kq, K] 98.31 1.88
% 5 TENUMAE TR 77 AN g8
Tab. 5 The detection performance of different methods in different observation time
Cr Fgr
LA 1] (ms)
DBEA Tri-FPC 3D-PFM By i DBEA Tri-FPC 3D-PFM Fr T
128 0.8478 0.8961 0.8948 0.9126 0.0104 0.0104 0.0112 0.0126
1024 0.8596 0.9178 0.9197 0.9377 0.0107 0.0146 0.0137 0.0166
4096 0.8797 0.9510 0.9493 0.9668 0.0193 0.0175 0.0218 0.0181

HH5 ] LU, BEAE W [R] i 3G hn, & Fh
D3RI e #E BT v, T FrAH ZEA K. H
HIL T DBEA R 7% (T2 i B AR A B A R
ZINER R THD 1) A0 A B S 6 O A ), KT ok 00 20 2R e
%o 5ET3D-PFM T EMET Tri-FPC /248
e, i Tk Cr I B m 2%,  JGH 2 W
A 240.128 s, Frde i B A SRl H. X2
BRI A T 458 7 2506 25 T AR A 3 R B ) R 23 A g
AEET AL 7 ZHERE R AEA T A S A, 3RS
THEINFEEFRAE R . Kk, R B AR
[ AR A A 2, R AR B R L s TR P, ol
P& 7V A S BAS I B
5 Z5RiE

AN A E R, B IPIXE
15 VYA AL 8 TE 1) E 31T Cloude M Krogager P FAS
7] IR SRR AE 23 fif, SEON TG BT T B A 1E T
I TRANIE R AN E B 4tk VO NE S R i B Uk i A EI M 2
SIS AL, AR 4ERRIE S (8], EEXE H bR
2P AR A R T 31, R OCSVMEAT
SRR, 33T REFRHFREIEE R . A SCTE IR
¥ Krogager W ALKFAE 7 fiff 75 %51 N TH B AR,

BN UL 3R T 2 2% M H A U 3 B
N HE— DT TR B A B R AR T H AR
HR R BOE T kGl . AN, R IR BB AL U

YR RZAE, KT AP AU S 3 — 220t 5T

e N BT .

& % XM

[1] FARINA A and STUDER F A. A review of CFAR
detection techniques in radar systems[J]. Microware
Journal, 1986, 29(5): 115, 116, 118.

2] TER, XNTH, Bk, & HEE IR B R

H(J]. WL, 2019, 8(3): 281-302. doi: 10.12000/
JR19006.
DING Hao, LIU Ningbo, DONG Yunlong, et al. Overview
and prospects of radar sea clutter measurement
experiments[J]. Journal of Radars, 2019, 8(3): 281-302. doi:
10.12000/JR19006.

3] X, EE e, FEP, %, XPEBE SRR R 5 R

FEL[T]. BWIEZW, 2019, 8(5): 656-667. doi: 10.12000/
JR19089.
LIU Ningbo, DONG Yunlong, WANG Guoqing, et al. Sea-
detecting X-band radar and data acquisition program[J].
Journal of Radars, 2019, 8(5): 656-667. doi: 10.12000/
JR19089.


https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19006
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089
https://doi.org/10.12000/JR19089

672

Ej 4 FEoL

(4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

TR, FEEK, XT3, & ¥GammaZ(H 5 FHAE T2
H bR 0 & Rk U 7572 [J]. B 2ER, 2017, 6(3): 275-284.
doi: 10.12000/JR16088.

DING Hao, WANG Guoqing, LIU Ningbo, et al. Adaptive
detectors for two types of subspace targets in an inverse
gamma textured background[J]. Journal of Radars, 2017,
6(3): 275-284. doi: 10.12000/JR16088.

IR, R T, KW, A m A T s REE S E
TG IR FIEFER, 2019, 8(3): 326-334. doi: 10.12000/
JR19030.

XU Shuwen, SHI Xingyu, and SHUI Penglang. An adaptive
detector with mismatched signals rejection in compound
Gaussian clutter[J]. Journal of Radars, 2019, 8(3): 326-334.
doi: 10.12000/JR19030.

SHI Yanling, XIE Xiaoyan, and LI Dongchen. Range
distributed floating target detection in sea clutter via
feature-based detector[J]. IEEE Geoscience and Remote
Sensing Letters, 2016, 13(12): 1847-1850. doi: 10.1109/
LGRS.2016.2614750.

A, U, R, S T A IR I A0 A T 5
H bR 77k (], Tk, 2019, 8(3): 335-343. doi:
10.12000/JR19035.

ZUO Lei, CHAN Xiuxiu, LU Xiaofei, et al. A weak target
detection method in sea clutter based on joint space-time-
frequency decomposition[J]. Journal of Radars, 2019, 8(3):
335-343. doi: 10.12000/JR19035.

LUO Feng, ZHANG Danting, and ZHANG Bo. The fractal
properties of sea clutter and their applications in maritime
target detection[J]. IEEE Geoscience and Remote Sensing
Letters, 2013, 10(6): 1295-1299. doi: 10.1109/LGRS.
2013.2237750.

Wi, 23, Wleb, &5, 2T 28 il AR s R0 i H Arie
WITVET). TEIEZAR, 2019, 8(3): 344-354. doi: 10.12000/
JR19012.

CHEN Shichao, LUO Feng, HU Chong, et al. Small target
detection in sea clutter background based on Tsallis entropy
of Doppler spectrum[J]. Journal of Radars, 2019, 8(3):
344-354. doi: 10.12000/JR19012.

SHUI Penglang, LI Dongchen, and XU Shuwen. Tri-feature-
based detection of floating small targets in sea clutter[J].
IEEE Transactions on Aerospace and Electronic Systems,
2014, 50(2): 1416-1430. doi: 10.1109/TAES.2014.120657.
YRR, Tl A, JE T VUM A0 I8 T R B TS0 59 H ARRHAE
K [J]. {55403, 2017, 33(3): 324-329. doi: 10.16798/
j.issn.1003-0530.2017.03.011.

XU Shuwen and PU Jia. Floating small targets detection in
sea clutter based on four-polarization-channels fusion[J].
Journal of Signal Processing, 2017, 33(3): 324-329. doi:
10.16798/j.issn.1003-0530.2017.03.011.

BT, PR, 0505, . 3 TFSVMEHRE 5 B bRk [).

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21]

22]

Fp E AR KSR, 2013, 43(7): 104-109.

TTIAN Yufang, YIN Zhiying, JI Guangrong, et al. Weak
targets detection in sea clutter based on SVM[J]. Periodical
of Ocean University of China, 2013, 43(7): 104-109.

S, TR, E306. 2T HACRHE > # K# L/ H ARkl 55
T[T, BTSSR, 2011, 33(4): 816-822. doi:
10.3724/SP.J.1146.2010.00678.

WU Peng, WANG Jun, and WANG Wenguang, et al. Small
target detection in sea clutter based on polarization
characteristics decomposition[J]. Journal of Electronics &
Information Technology, 2011, 33(4): 816-822. doi:
10.3724/SP.J.1146.2010.00678.

XU Shuwen, ZHENG Jibin, PU Jia, et al. Sea-surface
floating small target detection based on polarization
features[J]. IEEE Geoscience and Remote Sensing Letters,
2018, 15(10): 1505-1509. doi: 10.1109/LGRS.2018.2852560.
MORRIS J T and ANDERSON S J. Aspect dependence of
the polarimetric characteristics of sea clutter: I. Variation
with elevation angle[C]. 2008 International Conference on
Radar, Adelaide, Australia, 2008: 106-110.

ANDERSON S J and MORRIS J T. Aspect dependence of
the polarimetric characteristics of sea clutter: II. Variation
with azimuth angle[C]. 2008 International Conference on
Radar, Adelaide, Australia, 2008: 581-585.

FRETR, A, X, E AR RGO R R Al 4y 4R R ik
K v ge f e ma[J]). Bk 24k, 2019, 8(4): 510-518. doi:
10.12000/JR18112.

ZHANG Xinxun, ZHOU Shenghua, and LIU Hongwei.
Influence of target polarization scattering characteristics on
the detection performance of polarization diversity radar[J].
Journal of Radars, 2019, 8(4): 510-518. doi: 10.12000/
JR18112.

AN Wentao, CUI Yi, and YANG Jian. Three-component
model-based decomposition for polarimetric SAR data[J].
IEEE Transactions on Geoscience and Remote Sensing,
2010, 48(6): 2732-2739. doi: 10.1109/TGRS.2010.2041242.
CLOUDE S R and POTTIER E. An entropy based
classification scheme for land applications of polarimetric
SAR[J]. IEEE Transactions on Geoscience and Remote
Sensing, 1997, 35(1): 68-78. doi: 10.1109/36.551935.

AN Wentao, CUI Yi, ZHANG Weijie, et al. Data
compression for multilook polarimetric SAR Data[J]. [EEE
Geoscience and Remote Sensing Letters, 2009, 6(3):
476-480. doi: 10.1109/LGRS.2009.2017498.

KROGAGER E. New decomposition of the radar target
scattering matrix[J]. Electronics Letters, 1990, 26(18):
1525-1527. doi: 10.1049/el:19900979.

KROGAGER E, BOERNER W M, and MADSEN S N.

Feature-motivated Sinclair matrix (sphere/diplane/helix)


https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.12000/JR19035
https://doi.org/10.12000/JR19035
https://doi.org/10.12000/JR19035
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.1109/TAES.2014.120657
https://doi.org/10.1109/TAES.2014.120657
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.3724/SP.J.1146.2010.00678
https://doi.org/10.3724/SP.J.1146.2010.00678
https://doi.org/10.1109/LGRS.2018.2852560
https://doi.org/10.1109/LGRS.2018.2852560
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.1109/TGRS.2010.2041242
https://doi.org/10.1109/TGRS.2010.2041242
https://doi.org/10.1109/36.551935
https://doi.org/10.1109/36.551935
https://doi.org/10.1109/LGRS.2009.2017498
https://doi.org/10.1109/LGRS.2009.2017498
https://doi.org/10.1049/el:19900979
https://doi.org/10.1049/el:19900979
https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR16088
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.12000/JR19030
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.1109/LGRS.2016.2614750
https://doi.org/10.12000/JR19035
https://doi.org/10.12000/JR19035
https://doi.org/10.12000/JR19035
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.1109/LGRS.2013.2237750
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.12000/JR19012
https://doi.org/10.1109/TAES.2014.120657
https://doi.org/10.1109/TAES.2014.120657
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.16798/j.issn.1003-0530.2017.03.011
https://doi.org/10.3724/SP.J.1146.2010.00678
https://doi.org/10.3724/SP.J.1146.2010.00678
https://doi.org/10.1109/LGRS.2018.2852560
https://doi.org/10.1109/LGRS.2018.2852560
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.12000/JR18112
https://doi.org/10.1109/TGRS.2010.2041242
https://doi.org/10.1109/TGRS.2010.2041242
https://doi.org/10.1109/36.551935
https://doi.org/10.1109/36.551935
https://doi.org/10.1109/LGRS.2009.2017498
https://doi.org/10.1109/LGRS.2009.2017498
https://doi.org/10.1049/el:19900979
https://doi.org/10.1049/el:19900979

44

WRtthE A BT AIBC A RAAE A ¥ T ARSIl 77 ik 673

(23]

[24]

25]

decomposition and its application to target sorting for land
feature classification[C]. The SPIE 3120, Wideband
Interferometric Sensing and Imaging Polarimetry, San
Diego, USA, 1997. doi: 10.1117/12.300620.
CHAMUNDEESWARI V V, SINGH D, and SINGH K. An
analysis of texture measures in PCA-based unsupervised
classification of SAR images[J]. IEEE Geoscience and
Remote Sensing Letters, 2009, 6(2): 214-218. doi: 10.1109/
LGRS.2008.2009954.

ZHANG Wei, DU Lan, LI Liling, et al. Infinite Bayesian
one-class support vector machine based on Dirichlet process
mixture clustering[J]. Pattern Recognition, 2018, 78: 56-78.
doi: 10.1016/j.patcog.2018.01.006.

XU Huan and HUANG Deshuang. One class support vector
machines for distinguishing photographs and graphics[C].

£ & & N
MRt (1992-), 22, PR i FRHRE
TIAE 5P E R E SR = A,
WEFLTT 10 AR AR 507 . 2R
GE A ER Rl
E-mail: scchen0115@163.com

ARSI (1981-), 2, AR TG /R
TP KA FEHUS B S HoR Bk,
BUst B T b N R F 701 L
I WIS O E B EET T
E-mail: gaoheting 810512@sina.com

[26]

[27]

(28]

IEEE International Conference on Networking, Sensing and
Control, Sanya, China, 2008. doi: 10.1109/ICNSC.2008.
4525289.

CHO H W. Data description and noise filtering based
detection with its application and performance
comparison[J]. Ezpert Systems with Applications, 2009,
36(1): 434-441. doi: 10.1016/j.eswa.2007.09.053.

TIAN Jiang, GU Hong, GAO Chiyang, et al. Local density
one-class support vector machines for anomaly detection[J].
Nonlinear Dynamics, 2011, 64(1/2): 127-130. doi:
10.1007/s11071-010-9851-y.

BOUNSIAR A and MADDEN M G. Kernels for one-class
support vector machines[C]. 2014 International Conference
on Information Science & Applications (ICISA), Seoul,
Republic of Korea, 2014. doi: 10.1109/ICISA.2014.6847419.

¥ FQ1971), F, ERETRE RS
WIAE S ERE SR E LA
Jili, R, WHIITRON RIS RGBT
FEESSERLHE., SELNES
4 4T,

‘ E-mail: luofeng@xidian.edu.cn


10.1117/12.300620
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1016/j.patcog.2018.01.006
https://doi.org/10.1016/j.patcog.2018.01.006
http://dx.doi.org/10.1109/ICNSC.2008.4525289
http://dx.doi.org/10.1109/ICNSC.2008.4525289
https://doi.org/10.1016/j.eswa.2007.09.053
https://doi.org/10.1016/j.eswa.2007.09.053
https://doi.org/10.1007/s11071-010-9851-y
http://dx.doi.org/10.1109/ICISA.2014.6847419
10.1117/12.300620
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1109/LGRS.2008.2009954
https://doi.org/10.1016/j.patcog.2018.01.006
https://doi.org/10.1016/j.patcog.2018.01.006
http://dx.doi.org/10.1109/ICNSC.2008.4525289
http://dx.doi.org/10.1109/ICNSC.2008.4525289
https://doi.org/10.1016/j.eswa.2007.09.053
https://doi.org/10.1016/j.eswa.2007.09.053
https://doi.org/10.1007/s11071-010-9851-y
http://dx.doi.org/10.1109/ICISA.2014.6847419

