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Abstract: The complex bidimensional empirical mode decomposition (C-BEMD) was applied to target recogni-
tion of synthetic aperture radar (SAR) image. As an extension of traditional BEMD to complex domain, C-BEMD
could directly process the complex SAR images (including the amplitude and phase information). C-BEMD was
employed to decompose SAR images to obtain multi-layer bidimensional intrinsic mode functions (BIMF), which
could reflect the time-frequency properties of images. These BIMFs had individual description capabilities, which
reflected the target characteristics from different aspects. Also, they shared inner correlations, which were
originated from the same target. The classification algorithm was developed based on the joint sparse
representation, which used the inner correlations to improve the representation precision. The multi-class SAR
images in the MSTAR dataset were used to test and validate the proposed method. The results confirm its reliable
recognition performance under the standard operating condition (SOC) and extended operating conditions (EOC).
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Fig.1 Illustration of decomposition of SAR images via BEMD
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Fig.2 SAR target recognition method based on feature extraction by C-BEMD
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Fig.3 Illustration of MSTAR targets
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Tab.1 Description of SOC =3 FMAESRHE
Training set (17°) Test sample set (15°) Tab.3 Description of pitch angle variance
Class Configuration  Scale of Configuration  Scale of Training set Test sample set
N samples &N samples Class Pitch Scale of Pitch Scale of
BMP2 9563 233 9563 195 angle/(°) samples angle/(°) samples
BTR70 — 233 — 196 30 288
281 17 299
132 196 45 303
T72 132 232 812 195 30 287
BDRM2 17 298
S7 191 45 303
T62 — 299 — 273 30 288
ZSU23/4 17 299
BRDM2 — 298 — 274 45 303
BTR60 — 256 — 195
ZSU23/4 — 299 — 274 3.2 3(7]- EE 75—;%
D7 — 299 — 274 - .\ S . . N
MU SCHR S I 4 2608 L7 5 4 i O ik R A7
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%2 BEEBHK %, LN NME”; 225 3CHR [5] P2 T I 5 5 10 07
Tab.2 Description of configruation variance 2, 12 A “Mono”; 2% SCHk [17] 5 T1£ 48 BEMD 1Y
Training set (17°) Test sample set (15°) ﬁ/f, iﬂﬂi]“BEMD”; %%iﬁk [10] ':F'%ﬂ: CNN 177
Class Configuration  Scale of Configuration  Scale of e, ICH“CNN”, Hip ) § 3 2805 7% 2 238 i R R 42
(SN) samples (SN) samples . N N . N
o566 o6 g s AR R PERE . CNIN J5 36 UL 76 >4 i 2 T I
BMP2 9563 233 o 196 i 5 B 07 e R R .
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812 195 = fE B R
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Fig.4 Recognition results of each class by the proposed method under

SOC
x4 REREFH TSRS
Tab.4 Results under SOC
Method type Average recognition rate

Proposed method 99.34%
NMF 98.26%

Mono 98.74%
BEMD 99.04%
CNN 99.08%

332 BEER

Hedtde 2 th 500 B X AR A1 O VA 05 95
SR TP T IR E . 4207 B 1 P4 4L
SELIFNE S FR . RIS A PR L, 5 2% 5

TR RIS R 2 IILE AR, — &R TEN
WU RES IR R A R R . =& CNN Pk ik pe
TRRNBE. B TISGREAR SN AR KR
a5, I B MIREE M RMERE S LT R 5
&4t BEMD Jrik AR L, SCHh 7 ik i U A —
e, UEBA T C-BEMD I DL 5T k4 R4 s $2 B SAR &
QI S BUTRFIE, T2 R S R UM RE

x5 BSERTHERST

Tab.5 Results under configuration variance

Method type Average recognition rate
Proposed method 99.12%
NMF 97.26%
Mono 96.36%
BEMD 98.27%
CNN 98.68%
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BT C-BEMD X SAR EUR4FAFH2 B4 2bE
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Fig.5 Results under pitch angle variances

334 %EFHRK
RRFCH 15 1Y 22 15 W L ISR AR I 3 32 1 O e A

20200309-6



s Gk A2

% 54

www.irla.cn % 50 %

MR AR TR AR RE . B 6 & T AN Jr vk
SRR R BEE (M A e i 2 . R SCh vk
WU 2 B o W O g B AR, (AT O T LR Ly
P SO R C-BEMD 78 &2 $usl Xt SAR 1§ 11T
G307, 1A 2N BIMF X T B S TR RA — & e
Btk RIS, 2k A 2 A 1) ok R v 25 TR T IR RS 5
(PR IRAE Fe 20 AR B Y 3R 22 ), P I atE— 25 30 1 X
WA R AL FEAE Sy AR R RR T, Sl A IR R
Oy RGN TRRHE LA S0 0 o R, 4R T g
SRR 0T 9 PERE AT AR R R K OF o

100%
==
o 90% h
e
=
g
2 80%
8D
IS
3
o 70%
&b —+—  Proposed R R [
5] - .
5 NMF B
< 60% [ —>- Mono RN
—*— BEMD
~v- CNN
50% . . .
10 5 0 -5 -10
SNR/dB
I 6 BT T RISSREET
Fig.6 Results under noise corruption
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