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Efficient Classification of ISAR Images Based on
Polar Mapping Technique
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Abstract

In this paper, we propose a method to classify inverse synthetic aperture radar(ISAR) image from different targets.
The approach can provide efficient features for classification by the combined use of a polar mapping procedure and
a well-designed classifier. The resulting feature vectors are able to meet requirements that efficient features should have:
invariance with respect to rotation and scale, small dimensionality, as well as highly discriminative information. Typical

experimental examples of the proposed method are provided and discussed.
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Fig. 3. ISAR image of a F16 aircraft model associated
polar grids: rotated and down-scaled version of
Fig. 2.
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Fig. 4. Polar image corresponding to Fig. 2: N, =N,
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Fig. 5. Polar image corresponding to Fig. 3: N,=N,
=50.

Fake BAll et sld e ol F 727 4
A BRAA AN B,

23 HO|E{H|O| & T

_]
(o]
g7gel 7}11 3 %%Elb JE'.(redundant im-
formation)7} ®ow EA wWE < o] Atk
Aol AR Y, L(NF [(HUORE

r> #d

338

p—th target

I/’ fi l;’

1st aspect | TR Y
V]
\ Lipl

2nd aspect fp0.20
A

5 fip.ag

i
¢-th aspect fz( g

\
N f.ip.q)

I 6. ALY W) FY dolguolze) 7%
Fig. 6. The architecture of the proposed training data-
base of a target.

T A4S AgsA el F gl7] il Fiel
£ ARE HEGHHN TG4 FPS Zo]7)
{8l PCA(Principal Component Analysis) 338 #-&
FATM. LB (D I(r. 008 ZF
%, 0-528 APFAT golth

L= [ 1,07, 0d0 ~ X170,

13(9)=f:m

mn

M,
],,(r, 6)d7’ = ,nzllp(rm,afz)

L(NZ I(0)F A4 N, N4 Ad< 7149
I(7, 6,00 7= N,xN, el vaH oj$
22 AAE 7Hth I8 69A pHlAl 2H 9 ¥
A 2z & EA HElE f,(p, 9), f4(p, a), 13
(p, DE FRE™ 47 10, I(0) T¥ T PCA
#AE FA% 4FE 54 ¥UHE vepg 25
PR 2R A gzt Ui’ AA 54 ¥
o AAL (N, + Ng+1)olm o714 2 PCA 37
of o3 4&E 54 HEe Aol & =EA
= N,=N=50, =205 AM&-8t4it}. 11 A3 3l
9] ISAR A4S Uell= AA 54 g 492
N,+ No+ 1=12022 349 5 4438 AZsle
do Pest F7to] 50x509 FHFE AF o] &3t
= R vl s 1202500 =4.8 %o|® 100X 1002]
ISAR % Abol] ]3] A= 120/10000 = 1.2 %ol &-3}3}ch



24 =7 €A

1% 49 GAL HlolgH o] 2o HAH gle
o 19 59 GA HE RHOE TR ) I
Fdolet gt AR AAE E3 v gl
FEH] ISAR G4t 1(r, O 1(7), 1,6)
g T

dlolefilo] 29 L(»NFH u&Q R3] [(nY
Atst AHAT Cp, 9 F AN F ATk

f (0,0 g 10,0

O D= 000 & spuan

p:l,...,P, q=1,...,Q
714, (s, @& HlolEHlo] 2 pHlA EA 9
AR x| hd ~AMY GOl g, (p,,9)E
o8l FH9 oo Ztmo) tidk AR Gl
o Pt Qe 77t diojgHo| A8 FAE EF
o] ¢, Ztxe] 7t "oh. I3, Holguojie
(p, 9 Y9 2(index)2 AHE-E ™ w]&Q] X2
(0., 0)E T8 FEFL T3l Zolof st Frolth
% 48} 5ol A B e} o] 22 - tf 3 ¢
o A A7) 2 A HElE & G4
029 Aole A9 glon vx] g-wdgo T o
5ol 9¢ Ao|w Yeh] g io F A
Clp, 07t AAA Ht.

<34 11z )

f.00,0% g,(p.,009 Cp, )E AN Y
aeo 2 JEdth pe A9 ABASF Cp, 9
oA 48 5 % U< dloleulo] A AW AE A
gt §i2 A 3L 5 S HEggoezy
ugel B39 ARt B3} v)5 g dlojEH o] A
o APE gAY Y AT} S0 2EET

g

T @S By e iAol FEE
A3l 19 49 I8 59 FAS ¢WFoE HEA
Ak F I(60) 945 -°FF2E FEAT7 A
Matching Score(MS) €12 &< o] &8l MSe &
52 WE Alol]o] Y ol Fol g Hfst FAAT
9 Yoz Agag™ MS 21 EL 043
o HU 9 FAAFE 7HAA st 08 7T F A

on £ 140 9 Aol RAE T ALE ¢
k. Mse] gzt dolgolae HR 47}

SAPES o188 RS AR G4 P

2 A% ANl - Aks Hojt}h 187
] 7o) Coarse Search(## 1) o]& 9] §,¢] MSE 3
SFoEN AMTE £Y F Sith

« 33 2 23 F8)

Sioll £8 £,(p, )% g2(0., 0.) Ao19 Match-
ing Score( M(p, ))& AL, WEAEORE A
ok O &, AA $iF A8 %l &3k Si9] <
Y928 §8 g

P £ p,E ;00,08 ~F2EY AMY
T2 A8 f(p v 1 WE 24 o )
& Kr,0)8 £ HET 7HAT W2 £,(p, 9
£ 6-= W3 Kr, 0 FE FRWE /1A 7] o
Foll S840l 7kA= HHo vlstd wf& 2opA
£,(0,0F f5(p, dT2ZE ISAR 94 7o &
oA gtk 2N 23 6-F BFo e AR
£ X8 145(p, ¢ LA nearest-neighbor classi-
fier"M97b 54 3604 ol gATh.

3 3 (BER HF 2A)

44 204 AZE 65 o] LA Sl £ FH
doledlo] 29 Z42ke] £, (p, 9 E PSRRI EHO
FHO SAVE Y L, O AEIY 13 (1, 05
T317] f3) PCA #HA oA ALEd HE FEE o]
&3t Mgl EA e gy (p,,q.08 ANt

fu

dp, =130~ g3(p..a)l,
(o) S

d W, d(py, a0)<d(p, )°1R HF BH O FPYPX
= D= *dE—‘i%lE}

A 29 AA 3& T3 1Y 491 59) gpko g
o o]EH3 BAE AHHOT sdsgon 1Y
49} 59) JA L e gHog LRE F Yt AE
2o R 19 29 39 F ISAR A2 - 43
< WA A Ak Step 19] 79 Step 29] y9] AH)
o] At dyFY Feol & JFE Fof. T
p7t U5 39 89 2717 AAA =y ol At
HoZ Mp, 99 Ago] AAL AT e} A
AA @k olg FAEA y7F AXE S7b AAA
ok W E 29 b YR oW A F

EAT FE G0 "olxA "ok YA AL

339



BEBHEBEREE £165 H 35 2005638

A7t T8 A% 2%t yol Adel o5 AR R

2 =RdMe w82 dE A8 2% = 10 %
~30 % Atolo} & AHFOZH AMAZ E 2
£ ATE As7A e A2 Yekth
. +& 24
3 TR A Y Y Ay

2 =EoA A WY Adee e 4
&, 671 9] w]3) 7\(F4, F14, F16, F22, F117, Mig29) &
G o)Ll 2 AFE Ak ©]=9 RCS d

olEj = (°~180°9} ISAR 248 7] 93) compact
ranged] A X-band(8.3~12.3 GHz)9l F34 92 &
7+ 3009 2t 49& A E *lsw‘“’— o] g3ed 1° 7k
Aoz ZHHh $A9 £ B £AHD
2 A4Stk AN 10~ 30 dB9g] 5 dB 747
o WA F-S(Additive White Gaussian Noise)L- 3
7bete) W= HolHE 2319Q IFFTS &304 100
x 1009} 3tAE 7HA & ISAR 973€ DERTE &7
o 3¢ & ISAR G F& 18I/f0]3, HA|
ISAR &4re] S 181 x6=1,0867] 7} Hc}. 1,0867)
o] ISAR G4} oA 7+ o] 4 dolHE 7tk
2 1008 Z7MAA 18x6=108709] ISAR FAto 2

ARh 283 Uz 978(AA wlojele ok 60
%70 2] ISAR HAHE B =79 71He 45E ot
3l H2E HeolHZE AMg-gh

TE d7eEY A5 P AA HAE volH
ZFollA EutEA 7RI Fof v[&F HFirt

:L"f} 1L P%%
3

< 7}7<]E§ ?ﬁﬂ :LA} } 948 o7 Y8 PCA
g 43 g F3 wolE Y A (S0+50+
20)x108=12,9602.2 AT} ISAR 57} vjolE A}
91o] (100X 100x 108)=1.08 x 10°91 A3} v Fs) &
o, % 12 % A% Exsith. 123 g 2E A
A =30 %, y=10 %S A=slgct H2E IA

340

Fleve

Te ity

Tratt 1 Fb e

St ]
e TR E R A TH T L PR 1
Step §
vent e ek Lieden
Taryend opa

J8 7. Aty WA 45HrtE 3 dE9H
Fig. 7. The experimental procedures to evaluate the
performance of the proposed scheme.

9] Step 16 M, HIZE 342 9 ISAR g4 0~2
z Aol A Qeole] e g BAHE T 1~1/V2 Ao)
o 27 Z=F a9t 3H ISAR G4 %
drdEE o S sl f=7 ISAR G/l
e = A &s] Fiafof st

B =R A Aot w9 458 ISAR Y42
27 ol&sle 71&e] W3 vaad

71E9] WAL et Pk

< F4 33

1) 2-19) Az FRL ISAR Gte] FL3r)

2) A2l g ISAR J4& ol&ate] vlolE{wol~
g TETh

cHZAE %A

) Bl 2E ISAR 9AH-& & Aol AAE 44
& Fgdt

b



2) Az ¥ B AE ISAR 7334 v olEf o] 2 9]
[SAR g4+¢] §-Z8 & A (Euclidean distance)
g ik

3) HHAE ISAR g4 7t 32 2 A2

& 74 k= dloleMo] A9 QI AT AR HL

£ =8 AgE ¥ “51“ 7—}7—H SNR9J o} 5}
o 10719 S84 FS Jristd 108 38
Monte-Carlo 438 P& HAET) o g9l A, 3
A 2o 33 27) Wk §le ISAR 9449 2
#E, A% Hde 239 $FoR A8 A} 3
71 57k A= ISAR 49 A& HojFo)h 19
8@AM & g SI%ol, 71EY e AH 77
H3l7} Q= BIAE ISAR 94 thsjM e =& +
T ASE BoA, sz 27] Wet A& A¢
de 7 A%ol A% goldoh Iy 19
8b)e] & =& ATE W9 FEI) A5 H
E ISAR 94e] 3Jd £ A7|7t e gt &
78 A5E §A3

AA 7oA SHol= E A 3k ISAR 44}
DE A9 23 HAH(motion compensation)o] 2
7} 4719 ISAR G7Fo] s A A (blur) ) EA
247} A ISAR ol digt Alotd dved
o) 35S Fotry] Y4 zhzhe ISAR 44 thal
2 Z14) FIR(Finite Impulse Response) & & E3}4A1 7 th.

iiL jiL Wil(X mis ¥ 5,

iz_L,"',L, ]_:_L,...’L

[b(x ms Y n) =

Wz';:ﬁ,
A7, Kx, y,)& SEA 7] 79 ISAR G2l 2,
Iz, )& BEE 5348 $9f 523 ISAR ¥
Folth. 919l "HH & Fupr $Hol Ay 23 ZE
2 229 o] =+ FE|{(Running average filter)2} &
gt 19 Ya)= Fl117 299 [SAR HAto) ¥, 18
Ib)= 13 Y@)E L=79 FIR DEE E7d 29
527 ISAR g4elth. 18 9@elME FL 28
o A& WAYEE A BT YA I1Y
IbA M= AAE £ 4 ok I A(L) ghel

Mean of ten Monte-Carlo Simutations Conventional Scheme

Correct Recognition Rate [%]

10 15 0 2: 30
s lam 7 N

(a) 71 W4
(a) The conventional scheme

Mean of ten Monte-Cario Simutatons Progosed Scheme

100

80

70

60

50

40

Correct Recognition Rate [%]

(b) AgHE L4
(b) The proposed scheme

& 8. SNR9] #sle)] w2 3E A% W3l
et 3 ¢ 37 H‘E}/P %’i“ 3
2R 92 2 AWt Sl A

Fig. 8. The correct recognition rate versus SNR:
-Gray bar: the test images are not rotated and

Pedat

down-scaled.
-Black bar: the test images are rotated and
down-scaled.
858, U 57 Qo] QoA B9 4
gHe] dist RE ¢ 4A Hu
SHZ Godel gk & A8E Y387 Y6,
30 dBZ 4 ¥ SNRof| thafj A A 1,08671 <] ISAR

BAE AR B AP 7o), 7 HH Y F

& sojEle AA Holg FolAl 10 %l e
90 %] ISAR GAH-E B AE HolE & A%t o)
2E HAd gk FR ZEE 5347 $9] 59
A ISAR GAHE A148ts, B 45 Lol d 7

341



BETHERERE

5 8516 % %5 35K 20056 38

(b)

O3 9. (a) F117 29¢) ISAR g4}, (b) I=7¢) FIR
e g E327] F1179 ISAR 94

Fig. 9. (a) ISAR image of a F117 model, (b) Blurred
ISAR image of a F117 by the FIR filter with

EL d=tt Jg 10& L=3,5709, 114 1
g RAZED. 18 &8 F99 oA gdie
HaE YepdTh 194 EXo] AtE 4
3 37) AW opvz 443 s o
HAEZ o Ae 54E vepdo.

B =FA At W I8 79 HAE 3
9] Step 33} Step 5o A 53] A4 Al7ko] Bol 42
Ak Step 3914 E ISAR R E FHEZ W37
£ ool B2 AjZke] 28.H Y, Step SAE PQ A
712 o] Foj 7l F7to] - Z7] W&ot Step 634
Step 7 JlH o2 A ko] Frh o] Step 5
of vla) 22 FZHE AHE-3E}7] w ol ¥hY, 7)E
o) uhal e FAPFAAo] §la stute 54 HEHE
ol &37] WEol] FEAIl BAAT T &Eo] w

—‘.—+
_1_4'0

342

S

)
2
2 g Proposed Scheme
i
2 60
3
§ 50
4D Conventionsl Scheme
0 \
N - o
[ + T + |
“2 3 . 3 [ 8 9 1w N 12

7

L

J8 10. 2 Z(blur) Aol tah A" ¥z 7
& o gig A Hx

Fig. 10. Comparison of performances between the pro-

posed scheme and the conventional one aga-
inst the image blurring.

Rk T8y G dF9 AAE AGE FH2
71ES R v as & o, FH E1°IEH At E
9 A &d F o B3 & 45 T
EajoF g

N r:i N o
rSL'

N2 B
oA AgH YIHFLE, ISAR F4E&
& A A7) Wstel] tis) FHain
HEE e G Aes 54 9
% 9loh &3l ISAR Oi)\]-u]-i A}-S-
A3t uws] £ o, FE dolEHo]
b Sl Holdth 18T 9ol ¢l
ISAR G ohet sh 58 ISAR 7ol thalA

7 A5e Ben

Ret
N

e
2,
RN
=
L

ok

o 9 ru
m£r3‘~‘

U o VR TR S
N
o R i ofy

foce | o T 41 4

olfy
rlo

[1] Dean L. Mensa, High Resolution Radar Cross-Sec-
tion Imaging, Norwood, MA: Artech House, 1991.

[2] A. Zyweck, R. E. Bogner, "High-resolution radar
imagery of the Mirage [l aircraft”, /[EEE Tran-
sactions on Antennas and Propagation, vol. 42, no.
9, pp. 1356-1360, Sep. 1994.

[3] S. Musman, D. Kerr, and C. Bachmann, "Automatic
recognition of ISAR ship images", IEEE Transac-



tions on Aerospace and Electronic Systems, vol. 32,
no. 4, pp. 1392-1404, Oct. 1996.

[4] C. M. Bachmann, S. A. Musman, and A. Schultz,
"Lateral inhibition neural networks for classification
of simulated radar imagery", International Joint
Conference on Neural Networks, vol. 2, 7-11, pp.
115-120.

[5] K. Fukunaga, Introduction to Statistical Pattern
Recognition, 2nd Ed., Academic Press, 1990.

[6] R. O. Duda, P. E. Hart, and D. G. Stork, Pattern
classification, 2nd Ed., John Wiely & Sons, Inc.,
2001.

[7] S. Theodoridis, K. Koutroumbas, Pattern Recogni-
tion, Academic Press, 1999.

[8] L. M. Novak, G. J. Owirka, and C. M. Netishen,
"Performance of a high-resolution polarimetric SAR
automatic target recognition system", Lincoln La-
boratory Journal, vol. 6, no. 1, pp. 11-23, Spring
1993.

[9] M. E. Petersen, D. de Ridder, and H. Handels,
"Image processing with neural networks-a review",

19943 2¢: ¥egauisty A
A71Ferd (3D

1996\ 29: TFsty A#
A71Z&3% (F844D

199913 29: 2T gE A#
A7 383 (F3HEAD

. 199943 391 ~2001d 29: X&3 3

ety ARA7|FEs ard

2000 39 ~2002+3 29: FAN SR HAA7 3
dFRLT

20023 39~20043 3Y: Yeisty HAARYRFEE A
A7

20043 49 ~EA: S9Ny AAFRYHE 25
F BAZO0H Feoir B4, Fold Y, ofdle] AE
Az, Jed

tifo

FAAPEE o188 £2HY ISAR 94 7

Mo

Pattern Recognition, vol. 35, pp. 2279-2301, 2002.

[10] D. R. Wehner, High Resolution Radar, 2nd Ed.,
Boston: Artech House, 1994,

[11] M. Tuceryan, A. K. Jain, Texture Analysis, in: C.
H. Chen, L. F. Pay, P. S. P. Wang (Eds.), Hand-
book of Pattern Recognition and Computer Vision,
World Scientific Publishing, pp. 235-276, 1993.

[12] H. Arof, F. Deravi, "Circular neighborhood and
1-D DET feature for texture classification and
segmentation”, IEE Proceedings Vision, Images
and Signal Processing, vol. 145, pp. 162-172,
1998.

[13] C. -M. Pun, M. -C. Lee, "Log-polar wavelet energy
signatures for rotation and scale invariant texture
classification”, IEEE Tramsactions on Pattern
Analysis and Machine Intelligence, vol. 25, no. 5,
pp. 590-603, May 2003.

[14] H. J. Li, S. H. Yang, "Using range procedures as
feature vectors to identify aerospace objects”, IEEE
Transactions on Antennas and Propagation, vol.
41, pp. 261-268, Mar. 1993.

i 20029 29 Jddige AAF
3} (FEAD

2005 29 fddisty AAFT
3 (F84Ah

[Z Bl 20l goly B4, 9
ot} Az A, He4

2002d 29: gty AATE
3 (FEAh

20053 2¥: AUty AATE
# (FEHAD

[ HAEOH glolr A4, 8
olt] A& A, HEela

343



