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Multivariate empirical mode decomposition with

application to SAR image target recognition

Wu Youlong
(Hunan Institute of Technology, Hengyang 421002, China)

Abstract: A synthetic aperture radar (SAR) target recognition method was proposed based on multivariate
empirical mode decomposition (MEMD). MEMD was the general extension of traditional EMD, which could
avoid the mode mixing problems. MEMD was employed to process SAR images to obtain the multi-layer intrinsic
mode functions (IMF), which could better reflect the time-frequency properties of the targets. Different layers of
IMFs could effectively complement each other while sharing some inner correlations because they are generated
from the same target. In the classification phase, the joint sparse representation was employed to represent the
IMFs. The joint sparse representation could solve several related sparse representation tasks based on the idea of
multi-task learning. It could produce more precise estimations than the solutions of single tasks. According to the
sparse coefficient vectors corresponding to different IMFs, the reconstruction errors of different classes for the
representation of the test sample can be calculated. Afterwards, the target label of the test sample can be
determined. Experiments were conducted on the Moving and Stationary Target Acquisition and Recognition
(MSTAR) dataset, by comparison with existing methods under the standard operating condition, depression angle
variance, noise corruption, and target occlusion, the results confirm the validity of the proposed method.

Key words: synthetic aperture radar;  target recognition;  multivariate empirical mode decomposition;

intrinsic mode function;  joint sparse representation

ks B EA: 2020-06-13;  1&3T HEH: 2020-09—17
ESW B MMAHETMAETFIH (15B061)

20200236-1



ISk A2

% 4 www.irla.cn % 50 %
0 531 B T, SCHER T 2 2K IMF I HRAE, SR HEEG 0 B 3R

A AL T K (SAR) I3RS = 43 BER R, ki
i AR M E A A R Y. SAR Hir
WU 5 25 3 5 6 AR Y SAR UK AT 20, M
M E H AT RS . BUA SAR HARIR )T 2 £ i
REAE 42 ORI 43 2 P SR LA S it . R AE 42 JL S 7 3R B
SAR &4 5 H AR SCHR 9 8 Al A, W LA T2 AR
FIEPY AR 48 SalRe iF ) T R IO RRAE T A5 L X b =2k
BALRRAE, JUATE R AR AE LA T8 M (04 4 38 SR LA
TR 25T TEAR 0 RGO BE 43 A ek o B8 B R ik
HA A EE . R AEE UG R 5 e
ANEA I P S B O REAE R B H AR Y
Je ) O R, (R LR AT 2% L RRIE R R B A
G 2SR By B 1o 1% F I0AT B8 T o0 2 XHRRAE 1Y
JITE 28 HIHEATHIE . 575 SCHR [5-8] 43 3k HI S 4R 1)
AL (SVM). Hi i % 7R 4328 (SRC) 54 g FEfih 43 2%
o S ICHR [4] B0 E MU PO BT DL R Ay 28
o BREESE ST N SAR HARUR AL T8 T
e, Hor AR S B 2 M 4% (CNN), 2% X
R [9-11] B2 5L TR A S5 H i 22 M 45 15 1T SAR H
PRI

SCHR IS & 2 U & RS 4 i (MEMD) FliK
ABART SAR BV, BI04 0BES o
SEAL G A Y ZoTh R, AT RO IR
AR B 1 ) T, DT I A5 B R il 1 - ff 25 11
2 TUREAS O R AR AR 1 22 )2 R T A A 2K PR 4 (IMF) 7]
B A A0 T WS G SAR PR 4 B AR P . PR,
T MEMD (1) 53 i 25 5 0] o SAR H bR iUl £ it 5
HFES R R . SR IR G R R X 22 K IMF
HEATFRAED), 2 BT AR SCHR, 42 TH 8 1A 5 A #
. BB RO R L 58 SRC I 24T 55 97 &, v [F]
I b B 2 A~ LA IR M A R B R R I A, ARSE K A
5 22 7 ISR A 25 5L, 1145 30 S [ 20 1) EE A 15
2 B0 R T B A4S YA R AR A A L, T
He/NRZMEN T . S8 SAR HARR B
TRAE, SO O O B SR EAR A LR BN T I
FERFAESR I I, SO R T 40 M b o v | R f e o
5 ff) MEMD, AJ 3845 5 % 5] 719 IMF ., #E 53 2503607

X AT A ST M R DG IR A [ B 2 4, A A TR T
Xt TR A F) FRAEAE B2, DA TTT 4 5 R SR 1 P
SEIG BT MSTAR BP0 4 3 B 10 28 H AR P01 7]
RO AREAD A 2 S L MR PR TR A K A R TR ) A
1t 5 JLE TR L, S5 SRR T 4R O sk A
R AAR A

1 ZSRERESDE

MEMD J2 & 5 26 S B 43 fift (1 2 o0 e, gt
v At 4t 75 vk o A AR A TG B ) T, 28
MEMD 4} fift 15 £ /9 IMF 1] A % 5 i A5 5 (&
180 W IHIAURF 1, 3 23038 1053 R, AT 2R A5
N EUR ) 2 2 U . AR BLA SOk, MEMD ()
SRS N EELPSI Y

PR 1: Sk H] Hammersley J7 91 R A ILTE n-1 43K
T b AT UBERAE, SRAHAY K 2H 7 [n) [6] 4t 5

AR 2. THES MG () 7 K A7 T 1)
BEZE P )L, P O@O)L, = i@ v, - va(0)
TR E n MEBEMEZITES, =, - X
XF L n=1 BRI _E 3536 718 f1 60 = {01, Ohz -+ Ot T —

7 1] 1]
AR 3 SRAG A p (O} JIT AT B A T B A B
[ETJ= {tf’k };

R A X{r o) AT A 44 22 04 4 i 2
CROIN

AR S TR 5 1) 16 LA R I (B m(r):

1 K
m)= > "0 (1)

B 6: 4 B d(r) = v(r) - m)R 15 d(0), # d(0)i
JEIEARLE R S, WA HEJR 1 IMF, 15 5% 220
%2,

K F MEMD Xt A5 5wt 1750, 3545 M A~
R Z R IME, 143 (2) fis:

M

V(D)= ) Cult) +7(1) )

m=1
K COFRH m A IMF; 7(0) 9 o 5% 2%
A AR GE Y 22 B0 B 25 03 i 3%, MEMD B A i

202002362



s Gk A2

% 4 3

www.irla.cn

% 50 A

SRFAEYE . JET MEMD 43 £33 1 2 J2 X IMF 1]
VUSE AT R o B A f5 5 (1R mketk. i, 3¢
H ok ] MEMD Xf SAR EIR #4770 i, 3515 2 2 I
IMF, Jf 48 B 5 29 AR i . ek, T
] — 1 SAR 45 i A5 3 1) 2 )2 IMF BHA —& 1)
WAESCHRME, 7870 R X —Fe e Tk — 2P 4R Tt e 2 53
PR IR
2 BREFRBREGHNZEXERRENEHDN
RAF*E

XFF MEMD 43 fift £5 2 1) 2 )2 I IMF, 7653 J 0k
Wy BEOR R A B i s e AT T . IRk
AR FE A Ny, 4 MEMD 18 3] M A4S 2 1R () IMF:
[y Dy® -y ™), G5 — 25 B U AT B B o ) 1, 3k
T,

M
A RCED RS | S

A peXt B F 5 m A~ IMF (9 42 sy 7 84, 3 5 i Ay

I ZRAEA B 43 A5 21 5 ok VL 04 5 5 3R 400K
B=[aVa® - a" R R EU B, £7 i 4 M A IMF
A IR B R AR 1

RPN IMF Z [8] [ I FE JCTR, IR M i m
I OGO A 5 BHEAT 295, 3R A% 1 H b R L
ﬂD‘FB]:

min (2(8) + AL, ) ©)

A AFTRIENSEL, — AR TEFHHEL

TEC [ OIEBHI PR, AT 5N R] IMF B SCHE
TS TR A RAERG BE . ARHSR A2t 2R, 2 B (5)
IR RIS A T R R TR 22 2, R BEA T
DA A S B R

M
1dent1ty(y) = min Z Hy(m) _ ng)a,l(.m) (5)
! m=1

e D™ S Do 1 AR A B4 i A IR A AR
AR _E oA, B S0 I ik i U O AR
K1 RR, BRI A9 LU 2R

Training
samples

A4

MEMD

Y

Dictionary of
IMF 1

Dictionary of Dictionary of
IMF 2 IMF

4 Minimum

Test sample

Target
. Errors >
representaion label

Joint sparse | Reconstruction - error |

B 1 R T Zora RS i SAR FARISI L 72
Fig.1 Implementation of SAR target recognition based on MEMD
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Fig.2 Optic and SAR images of 10 MSTAR targets
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Tab.1 Training and test sets of 10-class recognition

problem
Class Training set Test set
BMP2 233 195
BTR70 233 196
T72 232 196
T62 299 273
BRDM2 298 274
BTR60 256 195
ZSU23/4 299 274
D7 299 274
ZIL131 299 274
2S1 299 274
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Fig.3 Results of the proposed method for 10-class recognition problem
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Tab.2 Comparison of different methods for 10-class

recognition problem

Method type Average recognition rate
Proposed 99.28%
Monogenic 98.94%
BEMD 99.02%
CNN 99.08%
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