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Serialized orthogonal matching pursuit fusing image domain
information for attributed scattering center extraction in SAR images

LONG Bo, WANG Feng

(Key Laboratory for Information Science of Electromagnetic Waves (Ministry of Education ), School of Information
Science and Technology, Fudan University, Shanghai 200433, China)

Abstract: Aiming to address the issue of high complexity in estimating the parameters of the attributed scattering center
model (ASCM) in synthetic aperture radar (SAR) images, a sparse representation parameter estimation method that in-
tegrates information from the image domain is proposed. Firstly, the improved watershed algorithm is used to segment
the scattering centers of different regions. Subsequently, based on the segmentation results, the frequency domain
sparse representation dictionary is decoupled and applied in a serialized manner for scattering center parameter estima-
tion using orthogonal matching pursuit to reduce algorithm complexity. Based on simulated data and measured MSTAR
data, the effectiveness and efficiency of the proposed parameter extraction method were validated, and the optimization
of theoretical complexity was analyzed. The results indicate that this method can significantly reduce the time and space
complexity of the algorithm while achieving results close to those of the conventional orthogonal matching pursuit algo-
rithm. The proposed method can be used for the efficient extraction of scattering center parameters in SAR images.

Key words: synthetic aperture radar, attributed scattering center, image segmentation, sparse representation,
serialized orthogonal matching pursuit
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Fig. 1 The scattering center images of different L and ¢:

(a) frequency domain image; (b) imaging result

B 1 (b) % Sk T 3 0K BT RS b O
(e y. Lo 6} BHAE RIS T T (0 LTS 6 5. 811
o) VU2 08000 17 P 38838 1A 437 17 D R 24+
(s y, Lo HOSEA 5 2 5 05 PRI 43 7
FLATR B AR T TR A B PO Al i
PR MR 42 895 R R v, v, L, ) 2 MOELAT DT UL
T3 ST TR AL 24
12 BRAERES BI85 L ER TR
B E

Bt SAR PR MERICH .0 i BRI P, 7
S8R0 PR O o R 9 BR 5 B R
FEFEHGI0KE SAR FIBRDCHA 31 Jod BB D50, M

T AE BRI B2 X LA, Al 15 B B0 3 R
T AR K IR A i A B A B Sl S X 3 ) A i
IS (R B A R AN P 2 T, e PR G Ak 2
A ARG RRAE 1. 2. 1 P24, 1. 2. 2 1 40
I AR I T 514k SOMP 353k () T

Bk EURE R
BPRURE % ot
e

BOEIAKINHE ) |

(v.y) BBIEL

REBRE —
BB /Mt

(L.5) B¥ikit d

SR |—A0E

(x..L.p)
FEpEY
&S oy HitsH a

P2 MR BRAE B Rl 7 91 1 DE S8 D TC 38 2 5 10 1A
e

Fig. 2 Flowchart of ASC extraction based on serialized or-

thogonal matching pursuit fusing image domain information

P2 U T AR AR, R T B A AR
BRI RIS BT ER A (v, y |, B 0 PRI 3
VA3 JRy PRI DX, 2R I AR 0 23 358 54 8080 R
TR SR KX { L, @ | HEATIRAK , B J A 3T { o, v |
ZH
1.2.1 EHESHENGBHIEEES XI5 E

ARG 1135 E9 20, (o BRI Rk 16 1
TR O 0 00 VB8 LS4 SAR
U L AT BP AR , T TR ALY CFAR (simpli-
fied collaborative forecast and replenishment, SC-
FAR)™ AR PG S5 M 7 3 N b i I 11 1,
Sy BRSBTS A {x, y )
SRS A

ind = arjg I,(ind) > 1, , (3)

o 1, 2 A SCFAR F95 (9 BP UR &5 R 1, 2 A
BRI L ind = (ind. ind; ) Ji FLARIX R 09 14 2 4
B 86 ind FROA(2), AT B 1 {x, y | AL R 16 1L

ZHER O,
TEVIIR LS B & O, B2l L, BE— Ak it



6 1] e

P A5 - RIS B R & 9 81 AL IE S VT LI 5 SAR J& LB 4R M

787

(Lo} B8, T @R O 7 BRI J5 B 1
B B SAR R B bR U X8 —25 50k
TR Xk, Wi ©, 0l 0, Hrhi =
1,2,..., C,CREJryHBHU X SR H . 48 1 el
PER 27K I8 B 0047 H AR X IR SAR &G 1 4331, it
PR3 43 7K U B 25 5 By 2o JE g 1) R

A ) 43 7K U SR B i N 2 SAR TRAE BT T,
i R H AR U XIR R R AR BRI ER T
— AR IX R 38 AR A K S B R AR I R Ak
(R 0~3 dB B BEF1-3~20 dB B s iR AE 4 I 1 F
BC X WA I | B il e A 43 B30 o A R 1 ok % i i
IS KIS SEL Bl i o o T ASCM (1 RS 5
D) S AR % T TRB O -7 NS A1 R S = I D i )
J& T []— BCF rh o 1 T A WA B A 15R 43 T, [ s
-3~20 dB BT Be 918 = 4 )& T 0~3 dB B Bt i 43 El br
2 e EI . HEEAE T SR,

(1) 1 AR BU A SAR I T ST p,,
XFp, -3 dB XS N R R A ThRIC . bRic 24
R (MR B MK R T B R — 28 X PIaAR
T ERTARICAE L, = 1, BEARiC— B AR, W)
Brio=1,+ 1o AR R BUERIE PR ICBR E M 8 41
BB RE , AT 4 R IR 3 TR A = Rl i

(a) 8ERBURZE BB AR AR IC, MFRIC X = 1,;

(b) 82FIG R CAFERARIC AR, HAR A
[FIAY 2, WX =1,

(c) 8ABBUR R CAFAEBARIC IR R, HF 2
Fibsic(E, WX = min{ll, Ly sy ... }o

(2) 598 2. %F 0~3 dB X I8 (10 W A8 547 5 5,
EIEES e

(a) JRERIEAE A I 0~3 dB X I 19 7 [ b i 0
(R FE A, A

(b) Be X W AE G I« He W (E ply g BAIROGT e (6 1
VA EATIT, 015 0~3 dB X 38, A M {5 AH 418 A8 W9 0 i
[Fi) Fsf 243 ) o7 AL A — 2 P 403 451, U5 9

(3) A8 3. XU (E-3~20 dB X3 4 (1R K A T
Paice a3 B 3 i =AE ol . (BFER]3(a) 15
T LOAFRIE, S AP RPE BE AE BEANAE

(4) B4 U ARIE R 1S, il 5 — R
FRHUR XA, 8 T IZER I R R B i R
IR B KRR &2 A% 80k HE Kk
I3 RIUCEO U Ik A I R 2R BR (1)

(5) 2038 5568 AR 43 F By i 5t XEUR R A7 il
Bark.

o3k DL e 0y 43 K I B AT LUK AR )
H bR X 300 T Ja o B X els, i =
1,2,..., C,ﬂ‘ﬁ@ﬂ‘]{x,y}%ﬁ%/ﬁ\ﬂ?

0, = {(x,y) e clsi},i =1,2,...,C . (4)

FEF UL, 0T LA 3R 00 1 2= s O vk o 34
FHIEATREYE X O, 354 R IX 8k 1 sh 257 8
SEPUFESAL RS OMP, Bl SOMP 2212
1.2.2 S R 54L IE 3% T AL B BR

5 2% H AR 0 BS W BN 7T L3RR A T8
PRI A 0 80, 25 EECHR AR U (R R 7S O
Y EnT R

E(fe)=>" E(fe:0)+N . (5
Horp, PR B T AN R, B BN oL A O
Vs be N2 AE . HARBU A 1E ASC S 8%
] v B g M, BV K i s 3ROR O — AN HL
JR -4 D A — A A B AR ZE A 1] 4 o (Y 3R FR
s=D(O)o +n , (6)
Horrs 27 E B, 02— FR5 S5
6= {x,y, Lo, a, y}?ﬂ}ﬁﬂ/ﬂ%/ﬁ\,l) ) B — B A S
— N5 0 H ) — A4S B A A R G B
OE—f I &, o & — DB i KA o BT
15 2 & T B O A TS SR Pl aR g A
LO Y AR AR 0] R AR B 111 & -

O'Zargmdin”O'HO, s.t."s—D(@)a’H2<8, (7)

0 0 0 It 0 0 I 0 .
0 X 0 0 X I 12 D ¢ 0
0 0 0 It 0 0 0 12 0

(a)
B3 FEbRic a8 AR =Fhiif il

Fig. 3 Three cases of the 8-neighborhood of the pixel to be marked

(b)

(c)



788 L1 BN 5 K U IR B%

FEAr |, A -, 3 RS Lo Y KA L2 5% . 1IE5T
VP B (OMP) 2 ] fif ke 1O G Al [ 2 i) — Ao i
ATk A OMP B0 T fili T i 2 Hiess ]
o, y, L @ f W HE— A KA IC A 5 4L, 38 3o Y B
DC PE f5e K1Y L, AT IR AROR R o IRl
T R ML O Y 2 B B T TR A TR
SR L T I RS AT SAR R 1] 1 SR A AL
R AR By i A 2R BE o iy, 7 M AT oy T R
), SCHRL9 TANL 10 ] rbod i A2 B AL Ao J=
Fe A 7 s> OMP 1 52 28 B2 . A St — b Tl
Aok 5 P B ) SRy ¥ A s P, 5 OMIP 5 ML g 47 fie
FRHF A , A8 5 5146 9 SOMP , DA T i 20 53 125 1) 1)
(] F0 23 [ B2 A% BE i i ) 9 SOMP 58 9% 9 L (AR
PN 4 B o B i 2RSS H SOMP 454> 45 B
GUBURE

AR,
et |
KR UH EERE

o, = {(x,y) € cls,.}

AN

ERRET
HIEE

(x)Lp) %5

K4 SOMP e
Fig. 4 Flowchart of SOMP algorithm

UL AHE BT A I o 45 DX a4 X8
WS {14 B P HE BT, SOMIP 536 1) i A2 SR LA 3
Klbs, 0, S 251 5 KW AE BT A R 3 X A { o, y )
E X S R R N Ve
L, ¢ W A% K BE R AL FI A, 5t KAE A Loy s @ > X
IME R @ o 155 1 BB S50 1 42 B 150558 o0 D
F b7 AR R 1 B R R H RN T, o ik B i
KRB AHn,,.. SOMPZEfT—A EAYFk2E K,
HETHRIGBHBE R ME{XEIC LT T

SOMPH£HUK) @, , T U Sk i B 4 Ok 2 il
A g1 R ) SRR IS AR A 0, , B IR B s
MIRE S & LLP A1 8, B IR O IERE T o,
TIERRIIR AL 2 o BAS O, HukE i )= AR Xk i
BN Ry B, PP 9 Ak b HE AT T A2 VE TR B 2 B
it FEAFRERXEL O, B HIK SOMP B AR A -
(Dt , RSk = 1, 4005k %r =r,, 0
RIRSHES 6 = O, e s, = 0,6, = 1.
() ZHIEE L
0= {(x,,y,,L,,,a,,) for (x,,) in O, for(L,¢,) in @,A_q,}, (8)
Hr,0,= meshgrid (0: AL: L., @..: A@: @,..),
meshgrid (- )2 M I 5 A B 4 IR I #AE .
Q) ZH AR, 0 — D(0). RIRE 6 T
BASEAA (D) BB, 40 A
— R AERFID 5], WFHRD RN
YA TR T M X N, MR R AR, N2
i i YRR 9 EE T O oc R SR 4
Az R A ML R I
(4) IEAZVEREE ER kAR, 51 4 ik i 8 20 TRAE
T 2H B AR IR AR XS B o S [l 28, - 8, >
HEk<n,, B, 315
c=D"O)-r , (9)
Hop () RS E . U B T %
7l ;',( = arg mtaxycl’,ﬁ%ﬁ‘}%m%%ﬂ =9 U @;/,/E\:FF'

|+ BRI o f o B934T BRI
A B O MM
i

U=D@Yw . (10)

55
§:M®m .
W = - S S, =8 /(s ), ()]
.3 Moore—Penrose TH1% . F1F B $2 B9 J5 1 Fr 78
FI R IR PR 25, B4 D (ind,., ) = 0, P ind,, J2&
AR R TR, T RT R T . R e
THILARAER QBRI 2 (7,0 L, 6,) |5
BT X R SR, Horp {x,-, y,}%$¥ﬁi%ﬁlﬂ‘] X,y 2

BUE
A k=k+ 1, W RS AL AR A B RS, -
S, >nHEk<n,, RS, WAk 5 (4)
AYIEAR, B3Ik B R kAR A, Ik SR A X



6 1] T WA EURIAR B R E 8P S ALIE SZ DU RCIE B SAR JR PR O S i 789

P 4 rp 2 B 2R PRI

F1 ANERBHERGTHO
Table 1 Six type of attributed scattering centers

B A0 2T e L
SP-TH ol I
- il 1 l
Lz G3 AT 0.5 !
= JRiF 1 0
M 50 JayHs 0.5 0
Bk JRB 0 0

(5) YK SOMP 58 1, i th H A AR IS B &
0, WEAR A 91 25 ik o, BOR o0 RE R 5 1L 8, 4R B
SRS, oA IR 6, T Ko BIEE o, T
SEIFLE]S,, B E R, =, — §o XTI
P 4 v PR ST A TR A TR

E I, E X —A4~ 0, 1) SOMP i B2 45 o, n] L 4%
ZEXTN =0, R X AT R PR O L
B, B R BTA SR X R BE A

1E iR SOMP i 45 WS, B Ja X a #4748 1T,
Tk B3 o HEL0,0.5, 1 =R (E, o] HEHA
PEHR . WS L = 0, MIFE— 20 A1ty e e 1
LR TR AT LR B A8 O P A o i 1
7S
1.3 SOMPEESZEENH

BT B AL B {x, v} 2808 0, i — AT
{5, y, L, ¢} 3t R IE 72 A5 B350 0 P A7 T AR A A
P b S, X B R R A IR B S
o VT R A AR TR R A A R 1) 52 B

B 2 g 5 A0, B AN oL, 285 el ik
(R 43 7 B3 A3 B R N A e 3 H e X3, 038k [l
s i Q x 14ERY, 55 i AN e il X b a8 VA
{o, y PEUME . PR SOMP AR AR, () TFEN, -
QBB , X 10)TFE pOp + p* + ppQ + pQ K
SRR , p T O BB O s A B R
(DT E Qp R BTRW: 1M 6, = 5" - 5/(s" - 5) T &
QKK

AR i A Sy X AR B P AN B P )
T B BORIE AR
Q(PN, + 1/3P(P, + 1)(2P, + 1) + P(P,+ 1) + P,)

(12)

TN, > P> P, Bt LAnT LGERUR 7522 QP N,
WK

Xof 3 1 OMP 553 , AN 43 Jm S i X, i
B B R X b K T T B A
Tk W HCH QPN,, N, J2: © W ILEE G {x, y |0 EK
M)A il OMP Bk T 20 e K A BCR Q <
N,

X T SOMP RN 7, R E R kA H

SOQPN,, P=>P., N,=>N, . (13)

SOMP 7 % 1) e K 5 L 4E %L @ % max (W)
HAREOLT TR 0 X 2 3 A e 23 E1 R Jey i iR
S X I 0 SOMP (353480 QPN /N ., Fi Ky it
AR Q x (N,/N, ), 1 SOMP AJ LU %58 OMP fry i}
B R PN A R T B AR VAL 9T B H A b 5l
R BRAE RN T (7 JERAF RO, PEREFE THER I 52

2 XBWERSHH

2.1 SOMPRFIIEXLEREREZSERER
HE

R4 A AL UE T R B SOMP B8k 19 &2 44 1
AE B 1> 25 /B rh o AR S iU S )
B O REEE E H ASCM P2 A i AN U R
O R S B, & i AR A5 09, R A (5) & . 15
FLT R A3 R 10 GHz, 45 58 4 3 GHz, & U f
JE 177 o BEHIT S RAEE L KX SAR B AT
Je S EBC T DX 3 ) SR R DX R € R S AR e, S
B rh R I, WA SR ARERIOE K AR (RIS
R O SR WA IR @, {x, y | SR
Z . RFEEUN 80251 30 AR 1K 3 320 iy FE i, O,
i, y | G R B A8 1k o [185,333, 485, 681,993,
1208,1993,2407,2 8791

WF QPN +13P(P +1)(2P,+ 1)+ P(P, +
1) + P, )BT LA BT i U BT 52 2 JE 43T
RRNAETTFRSHE Q x max (N, )5, RAEHISHES:
A5 30 %) Bsf 1) 5 2 B (2 00 12 U880 s () 5 % i
(B2 5066 2 A4 2880 ) W R AR ORI Jmg 30 303 X 30118 C
AL A 5(a) L (b) 7R .

HRAE & 5, A R AFEROE K, kA R
Jr B EBURT DX 3 HIER C IBUE B /IN |, BERAE RO K
SRR R . B0 SRAERCECR T, TR
6 XI55 ) SOMP 332 (€ = 25) B & i 08 1353



290 L1 BN 5 K U IR B%

N
N
o
=3

Fw
S
S
w
R
o

5.x10" x10'°
1 4
cC=1
9 Cc=2
=}
S2%uc=4,
‘§ (=8
5 21-C=16 | —=—"
k= ——C =25 O==°
215 280., 300 320
o
=]
g 17
e
2 05
Z 0.
0 — e
50 100 150 200 250 300 350
Number of sampling
(a)
8
3_><10
) C=1
_5257 c=2
a2 C=41 10’
Gé —=C =8 f
5 21=+-C=16 /_/
* ——C =25
£151 %
g
o
=]
2
g
=
Z

0 — i 4 = .
50 100 150 200 250 300 350
Number of sampling

(b)

s B A 2% B2 Bl 25 AR R 6 A R BUE AL (a) EBK
APk UK 5 (b) S B P A 2
Fig. 5

ber of frequency and azimuth: (a) variation of complex multi-

Theoretical complexity under different sample num-

plication steps; (b) variation of the max dictionary dimension

B OMPHEIL(C = 1),

DL SR RS SRR E A B B . AEAR R 25
AU O 2 A R T R SREEEO
8038 K £ 320, 4 30, T IABEAAL , L hRisfT
SOMP 533 F1 OMP 5532 , 1F— 20 %) b & 18 1T R
[i] il K N A7 T 2R AB O, 4l 6 F 7R o SEBRFE Win-
dows & 5% T I Matlab #4347, CPU M Intel Core
i9-10885H@2. 40 GHz, HLE N 77 M 32 GB.

HRE4H 151 6, OMP J7 5 bifi 45 R PR K, SEBriz
A B[] R P A7 T FE SR 4G R A S A N AL
HE SR BEEL R 170 B, A8 B 7 B R o T S
FF FH AL 25 19 e R N 7 32 GB, I I 32 17 i Ji] 3k %]
T 5000 s, XFECI T, SOMP J7 ik 78 R HE 50
320 W}, A REZ AT, 1T 38 47 B B 4 3 000 s 22 47 .
SOMP 7E L RCR M M E A BEH. K6
HRET 8 26 Sk T ML 19 B R I A A 7 I 67

5000 * X x X x X
SOMP (C = 25)
4000 SOMP (C = 1)
2 3000
Q
g
& 2000
1000
0 &— ——,—
100 150 200 250 300
Number of sampling
(a)
35
30
m e S Xomemme X
O 25
~
Z20
%10
=
5 SOMP(C = 25)
OMP(C = 1)
0+—- :

100 200 300
Number of sampling

(b)

K6 ANEERAEECT LPRE BT IR : (a) I [H]AZ AL 1
s (b) e R 7 S A2 AR TS

Fig. 6 Complexity of the actual algorithms under different
sample number of frequency and azimuth: (a) variation of

time; (b) variation of max dictionary memory
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. H 4 BART (bidirectional analytic ray tracing,
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Table 2 Electromagnetic Simulation Parameters

T H T
AR 8.5G: 30 MHz: 11.5 GHz
i 3 GHz
AR -8.5:0.17:8.5°
HEM 17°
RAERL 101x101
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I BP 5 45 A& 8 (b) () fiin . ZEF 8 (a) Al
&l 8 () il o B e 5 b i 1 ST B U
SO VSRS TLAw] 25 (R R R D 2R

25 et B 43 /KA B8 FH T SLICY 5578 ) i 1
15 AR S A B ) 4y B A5 5 . X BRI
R A KIS S A KR R R IS0k k=rpuy
172 (k—medoids) , 15 Hr iR & LA (Gaussian mixture
model , GMM) i35 5 28 1Y 7 fiff 45 SR A7 X 1L, 43 B
Bigria RES LTy
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Fig. 8 SLICY model and its frequency domain and image do-
main simulation results: (a) SLICY model; (b) frequency do-

main image; (c) imaging result
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Fig. 9 Segmentation results of different algorithms: (a) original image; (b) improved watershed; (c) original watershed; (d) k-me-

doids; () GMM; (f) spectral clustering
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Table 3 ASC parameters estimation result of OMP and SOMP algorithm using SLICY simulated data

P ik x ¥ L ¢ a Y Al
| OMP -0. 580 -0. 330 0.020 0. 020 1 -3e-12 =T
SOMP -0. 580 -0. 320 0. 020 -0. 030 1 ~2e-12 =i
OMP -0. 430 -0. 510 0.020 0. 020 0.5 ~le-11 g 750
? SOMP -0. 430 -0. 525 0. 040 0. 040 0.5 ~6e-12 g 750
X oMP -0. 950 -0. 890 0.180 0 1 - i
SOMP -0. 950 -0.910 0.150 0 1 - i
. OMP -0.950 0. 630 0.320 0 1 - I
SOMP -0. 950 0. 640 0.320 0 1 - i
S oMP -0. 430 0.510 0. 020 0. 020 0.5 de—12 M T
SOMP -0. 430 0. 485 0. 040 0. 040 0.5 le-12 M T
OMP 0. 059 0.520 0.010 -0. 020 1 6e—12 =
0 SOMP 0.070 0.505 0.010 0.070 1 2e-12 =
OMP 0. 160 0.520 0 0 1 2e-12 iy
! SOMP 0.170 0. 505 0.010 0. 020 1 3e-12 =
OMP - - - - - - -
s SOMP -0. 030 0.020 0. 020 -0. 010 1 0 i
OMP -1.250 -0. 270 0.220 0 0.5 - (Bl
’ SOMP -1.250 -0. 270 0. 240 0 0.5 - (Bl £
(i fk o Hosiz S Hi B 1) Frobenius ¥, (- )" SR ALHERE B . OMP AN
s Il s C(14)  SOMP IR HUS G i FR R T 10(h) L (c)

Tlsl, s

HH A B AR 50 5 A 10(d) Al (e) s
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Fig. 10 Energy ratio of extracted scattering centers and reconstructed results of SLICY model: (a) energy ratio of OMP and SOMP;

(b) reconstructed radar image of SOMP; (c) reconstructed radar image of OMP; (d) reconstructed scene of SOMP; (e) reconstructed

scene of OMP
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Table 4 Algorithm efficiency comparison on SLICY

simulated data

oy Wy Le wy, L BRI BRI

Hk . N

1k/s fliitss  4iikss A /s ¥E/GB
oMP 8.009 6.075  45.787  65.385 14. 196
SOMP  0.244 1.756  9.149 12.902 5.761

2.3 MSTAR SEifll SAR B 5 i B M & 57 H 0 R BX
%%

TE MSTAR (moving and stationary target acquisi-
tion and recognition ) £ #E 4 I X SOMP 8.4k i 17 52
B, MSTAR J& 36 [H 75 4252 55 % AFRL (air force re-
search laboratory ) A A7 1 28 4250 19 52 SAR 44
FORAEM DR 9. 6 GHz, 8 BER N 0. 3047 m.,
W 2B SAR BIMR % R0, B L i AU Ao
fii A OMP Al SOMP 55 3% iF 47 55 3 1 g A Ak R
X

z/m

y/m

(a)

¢/ deg

9.4 9.5 9.6 9.7 9.8
f/ Hz %10°

(b)

Bl 11 MSTAR 1 T62 ffJ SAR El % 5 H A R I K 1% : (a)
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Fig. 11
in the MSTAR dataset: (a) SAR; (b) frequency domain image

SAR images, and frequency domain images of T62
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Fig. 12 ASC extraction results of SOMP and OMP in MSTAR T62: (a) reconstructed SAR image of OMP; (b) reconstructed fre-
quency domain image of OMP; (c) residual image of OMP; (d) reconstructed SAR image of SOMP; (e) reconstructed frequency do-

main image of SOMP; (f) residual image of SOMP

#x5 MT62H SAR B G FIREN B SHFIE JLATE R

Table 5 Extrated scattering geometry information in
T62 tank SAR image

ik MK E/m T2 K E/m  T62 5 /m
SOMP 1.40 9.57 2.94

OMP 1.76 9.77 3.04
HIYAE - 9.34 3.30

&6 MSTARHIE EEEMEAIILL
Table 6 Algorithm efficiency comparison on MSTAR

data

U NAFIE

H#r Tk 5 FEHS/s
) LA FEICB
OMP 68 0. 680 237.91 33.22

T62
SOMP 61 0. 637 17.70 5.18
) OMP - 0.717 93.04  20.89
TR

SOMP - 0. 692 13. 88 3.84
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