THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2022 February.; 33(2), 114~123.

http://dx.doi.org/10.5515/KJKIEES.2022.33.2.114
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

ISAR Cross-Range Scaling Method Using Feature Extractlon and Matching

bO fob o gl rlr o) o ok

QEE - 070 - olols - AHEY

Bo-Hyun Ryu * Kyung-Min Lee - In-Hyeok Lee *+ Kyung-Tae Kim

2 o

B =RoMe F Y #3490 G4 /T gl o] th(inverse synthetic aperture radar: ISAR) GAHS &85t 1A 9]
% (rotation velocity: RV)E #7435} 1, ISAR FA4e] 2-A2] 27 Y (cross-range scaling: CRS)S 43 3}+= 7|

o WA, A 02 P F 7RO ISAR el A 27t #E 4w o] wish g o] i (scintillation) ol
AR B AAde FEE oloA, F A Alold TEE S0 HSHES 5YH WS Fddh

5| A

Ll

(A T

Y
Jlm ot

I

(o3
o

T

=
L

== 5
o A= SIFT(scale invariant feature transform) 7| & A3t EAH S F&317, F29 S -] J24 o] %
Al (nearest neighbor distance ratio: NNDR)3} A 3% 9] (random sample consensus: RANSAC)
& FYsith o] F Fall, 7 7R A QL ISAR G4 Atel 9] SR T2 9 (homography)E & 53k, 4] fr&
5] 4 =4 (effective rotation center: ERC)Sl| that AH flo] B2 9] gd £ & FAH3t) B =R = 4
GAE HolHE &&oto] AtE 7| & & oT% Azaith

4

rulo
o
ol ofo
_O|£
2
—r
T
lo
=

Abstract

A method that utilizes two sequential inverse synthetic aperture radar (ISAR) images to estimate the rotation velocity of the target

and perform cross-range scaling of ISAR images is proposed. First, features/scatterers that are robust against the change in aspect angle
and the scintillation between two sequential ISAR images are extracted. Next, extracted features are matched such that the same feature
corresponds between the two sequential ISAR images. To accomplish this, scale-invariant feature transform is adopted for feature
extraction, followed by feature matching through nearest-neighbor distance ratio and random sample consensus techniques. In this way,
a homography between two sequential ISAR images can be obtained and the rotational velocity of the target can be deduced without
prior knowledge of the equivalent rotational center of the target. To demonstrate the effectiveness of the proposed method, the results
of a simulation dataset for point scatterers are provided.
Key words: Radar Imaging, ISAR, SIFT, RANSAC, Homography Estimation

I.M 2 ISAR)E 24E #ojthallA 74 l—t— FA ] A7) 9=
Wabety, B4 025 E WALE Ao S o] &ate] B4
g4 7l @l o] thinverse synthetic aperture radar: 279 9o FEE LAE= Eﬂ 0]1:} 151 [SARE 7]

114

yary sty A A7 7] 8K Department of Electrical Engineering, Pohang University of Science and Technology)
- Manuscript received September 7, 2021 ; Revised October 3, 2021 ; Accepted January 28, 2022. (ID No. 20210907-075)
- Corresponding Author: Kyung-Tae Kim (e-mail: kkt@postech.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Eo) B3t AN G Folo] BAGle] HEo] Thsel
2, /1% B S WA FOBE A EA 44 o
E4 42 5o BH9 sel 4B EHHOE

RN S P2

&5 4%} dolt] e &

-4
M
i,
o
(]
—

lZO oX,

Y 2 A% oo B lo W oo

73, &4 o
(coherent processing interval: CPI)©] 7] wj&o] CPI
A #5 4E Wskgol YAsthy 7P o] A,
A Az B F BAS FYsty, Ag-EEY
(range-Doppler: RD) 71" #-&3fo] o] ZH= ISAR
34 AT ¢ A

RD 7|Wo & JAH 92 Ael-
A FAHH, =&Y Fi g
79 3A Lo o8 AA A
M g2 cplol wet g2 Ag-
ol E5HER At utet o
718w Ag-eEY Fak
ZA0 AA A7 teHe ARl B A-A
= Wgete Aol s, olF 8- 2
(cross-range scaling: CRS)°|2} St}

ISAR CRS 7 34 7 7= FZ8th 2= 7|5k
7IEEL g g ap Zak A Tle kWA, As A
e A 48 FH 230 54 A2 ¥(range bin)

o 914 ANE Y53 49 HA ST 2T
=
=

=

=}

3

1
l
N
-
o

e ox e
k1
rl

2 o P
=

T
e

offl
=5
2
L NE 12

=
of
=

3

S )
2

1> o

f

B mE N
)
O
Z
ol

il
19

1o

3|

of

ol
ofl
N

T

o
Ho
ox

o
rl

HE
lo
r>,
fol

+ Hl(signal to noise ratio: SNR)SI| A
Aeth 54 7P 52 SNRejA

Gl
5
7h

En)

o
oX,
olr

w1 oX o K1 ozly H
2

. ©]

FH-A 2ALE 7Y AT

F AYESY 2ok 99 94 W) £R FE

%/ (effective rotation center: ERC)®] A H.7} & Q 3}

Mo
2

e
/ﬂ_ﬁl
&
£
(¢]

2
=

g
=
2
tjo
o
oo

e i

el ISAR 3ol
segment test)E 483}
S5 A g FAL

o

L fob Rk ot

(o ol x4
=, 1o o
S|

P> oX

2 =wdMe F A &
(scale invariant feature transform)!"”
Bste] iR ohv A FEUT 9
A F T A Aolo] EAG Alo]
W4 e SR ot A2 o)
neighbor distance ratio: NNDR)'Y 2
[13]

).
_>|4J
i

]

(random sample consensus: RANSAC)
A el 2FETh o] F RANSACS] 7%, NNDRS
o iE A A Alele] oA

o
>,

o

1o,

ol

td

[

i)

=)

=

2

2

E

2

tu |o

o

yo
o

rfr o2
i
M
o
X
rir

5] &=
53

2

Lo

b
b
e

lo
1
N
Slf
(o3
N
= o
Ol
i e

N o
o

Hjsle AgHo g 14
scintillation 5©| YA 3}
Asg Helth

2
1pr
Sl
it

el

fr ol X E

I ox

Mo =2

o X

po  Hi
ol
ro
re
¢
4 og

)

b L cloy ok =

2
o P
oxl Ng
=

o

o

1<)
QL
£
Mo
fr 42
re
i)
(98)
X
=2
>

9 2
R
iy
ol
Qi
)
o
=



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 2, February. 2022.

2 oA

=
Mo
>

x

2 2AY FA et
]E _»i;ﬂ /\}o]_o/] }\h;Hz%o
Eh:]—(_—/_fﬂ 1)[2] Wz <

71-_._\: _. 7L_7_ Q sLh;]. CPI

0%7]/‘1 b=

['Ld?h} o} Py =

Ao ARlEA-A

0.= [z.4.] "=

o} 2 ()Y R(A0)

.

R(A9)= [

F3h

o,
s m2

p

Y (cross-range)

J2 1. ISAR

116

99

9% 94 7

= F A9 x4
7143t} CPI

ol
X
o
.ﬂrl
Bl o
o

,d
Q
=1
=
o
=
g
aQ
o
v E
rE
o

cos(A8) sin(Af)
—sin(A8) cos(Ad)

SN\ <

Jh2
Fig. 1. Geometry of ISAR imaging.

[%92

SEERE

2

7= 7}

3
>
N

6(1)
P(x,y)

of
ox
=
©

B M ol

I

ﬁ
)
o

T

o
lo
toby
o
iy P

(o]
o
o 2 o

e

M rlo 2 o
> oon M ot

o

2 Nl
=
@
=

(1
Zt 2 4,9l
®H] 9IA,
AR/FA-Ag GGl A9 29| ERCO
T 34 g goln], b3t 2ol ®d

@)

WA 07 A/FA-AR GA(x V) mm]F A=
(z,y)m-Hz]& 2] 3)8 =AY FAE
SRR, A ()& ot 9] 4] 4)9 o] Hshe !,

i

e
Coherent radar

ol o to

A A

=

[}

P Y
Y] ~ 2w 3)

S(w)(P,— 0)= R(A0)S(w)(P,— O,) 4

4714 ok 9o £, pE £2 399 T4 oo
F,AE I, 2 B2 0E 9k, M2 T ISAR 94
A Al AHEE HAE AT Agolth 4 49 Sw
diag[n.n] & 2A LT WEHZ, POR] % Pz_[XzYz]
= 47 A5 T 999 13 5 FEeA Y
Aol 9%, 0,=[xv)" 4 ERCOIH S(w)E 4
3} & (non-singular matrix)°] 22 2] (4)= 4] (5)9} 72o]
k=

12 ¢

BT

(

]

==

L)

(P,—0)= 8" w)R(A0)S(w) (P, — O)
= A(A0)(P,— 0) 5)

2] (5)9] A(A0)> the3t 7ol Ao Hr.

cos(A) &sin(Ae)
A(A@): . -
— —sin(A0) cos(Af)

e (6)

2 (6)° A, AY-EEY FI5 499 A3 AT
Slw) 9 R(A0)S] AFCE RHHEZ p 3} p, Ao] F
1 314 459 45 ofgA gt ol 719 4
£ H]& g<4(cost function)” &
(i.e. entropy, contrast)® ¥ 5o 223}
ol 3 74k % %49 3H

=

o

N

O
n:i‘i rBL

ox.

ﬁ;r
-

ECINS

ox.
2 o 2o
all rﬁ.j
R‘D’ iy
>

4

o
ol

R

O

o.

s, o i

F4st Tt 8l
E YL EE 28 Aage] Q7 HT B =19
2 (59 471]% e ¢ 5
EHHl AXN &L g

2 oz Jp ot of

N,

o
ol
2
_1244
1o
tol o

r_gg Jll‘l

X

-

Y l:tl
ol

ol

=

—

SO SO - o [ O

ro
]
[ =]

O

=
scintillation & Y& #= 7% w3 73el

bol

oft e
4y e N Lo
Y
-9
N
ofr
ol
B
4o
(ONITIN]

{0 [‘U[O

o
-

folr PPN T oft > ox 2
o

b2 oy o4 e

.
=
=
s
A e
g
£
-
of
ox
>,
(o]
lo
for
a
.
B
=
|
1>



©)° A(40)E BEDT. Y59 52 1Y
%9 W 34 glo]
A3,

. Aek=l H& 7|2 ISAR CRS 7™

2 et AokE 94
o H&T AE 7P
0 w43 2) oV 4H AA 3
FyHn

714} ISAR CRS 7|
A 1) Ez]zq/)‘\_}
=5

Bl et
2l
A Zé

o
o o

4

al

==
T=E X

SIFTE 2004 Lowe David G. Xl &J&f Aj¢t=
HoZ Gae 3 d 9 2AY, FAMS 71 %
M3l 45 2 2y WHsl 5o

she gaEFolth. o7t

T

oﬁL

UN
Y e re oyE mv j

{0

r7>
oln %

o o AN |

(Step 1) Z=A
selection): A1 = E}
Foll M =AY
0] X] ul /\7-”

2 (scale-space peak
7HEAIQE RFo] g

3l(key-point localization
Hl A& A A L, sARE FE S o] &3t
pal

=

=
w8k W) X] (orientation assignment): 3
ER o] Y23 9
EI¥S 730

-'l

R
N,
o
N,
N
II
o
ot
o,
[

L 4x4=16 B1Y JHEQ} g HigFo

o 0 L
SIFT 71674 128349 M8 22 2E0. 4 9 o
3% I # 2 W Foll AT S F2 F
(ERIEE DIE S

S|

FHAY 2ALY Y A7

% e A9 Al EE Fa o9 AR o
AH(n,5)00 SIFT €32 5S F3)3tol, 2H2} SIFT 543/
AL o= oy, 0y, .. nay| ERWEXESGY bbb, ..., bo]E

RO SIFT 71& 48 53Th o]o] o9} b Afo]<] v
A& FRs] fAstel K2dd AL 4F AR
Vk d(g)=arg | a;—b, | (M

AN k=1,2,, K% ¢=1,2,..,QF 22 a9 5]
gzojtt A (7)9] A, a9t b EE SIFT 544 3
7|&A= F ISAR 94 13} 1 AMOﬂ L Ra=a Zﬁiﬂr
T Q] WA A o s EAEA] etk &,
7V 7P o] = A w3k frabete] skl
44 tre] 544 0] wiAE 4 vk wEkA NNDR
S FYste] o 2ol v AR E Aarsig

dl

NNDR:d—2< G ®

A ®9) d,7% b ast b Aolol 7 2
A A F AR A2 FEHUA A .
NNDR ©] 19] 7}7}&42 slute] EAA th4e EA
7(40] qu]El _/’: /\loui qu] zqg._ll:_ﬂ, 17?1-1;]_ o%
AL GE AA s ] A3l njA A
o A3t 3 g Abolel PAIS] W A @
b, eR>*P= 242t 13 49 23HY I
e zhe v golth

32 Ol® MA & BH9 o|H £ FF

tge o}u}L Me A Ak %*Mﬂa
28 T G99 AX H e o]&3td ERCE
oA st
_ 1 — 1
a,= a’m_FZam’ m bm_?zbm (9)
29 a, b, > TRIHY HE RS WEIT,
b,,= Ha,, (10)
UHbA O & RANSACS #5 2 o] o] &3k )

117



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 2, February. 2022.

o Eo] M o] FHE AASL HolE Y RS o Se e
dreFolvh SR WA FA o RANSACS A
&2 45 NNDR T 22 v g5 At ol £ sk
o dHE EHALE AL 4 (1009 TR
2 HE 95 T 5 SITh RANSACY] +& g2 =7
472 AR

(Step 1) a,, & 5,9 " 8 F 49 vl
stel 4 (109 =213 FEAE FAHICH
(Step 2) YA WA 28] Step 1914 F53 HE T
3= glgtt
(Step 3) Step 20141 BHEate Ao v 42 SRS
(Step 4) Step 30141 SHE3F ol A <] 3]
PES A A

]
3 %, oA ARSI L1 ) e
¢ A4 4 79 CATUINR 3

cos(A0) lsin(AO)
A(A0) b) I b
fﬂsin(AB) cos(A8)

Ne
0 U (11)

(1D oerR'*= ¥ E(zero-vector)©] 1L, bE
R 13 L, Aol Z—XH’SPE ‘501 Aol tt.

21 ) A (1] 24, @ 0) ¢+ H(A0) 2] 3
2] (determinant)<> 1°]t}. =
73_1,]- & A3t =
2o] 1o gt & &
o] 3 2 2AY HAE KA 8tk o
A& RANSAC ¥ag|Fol F7heh= B4 AlgHei

ﬁl

FH‘ o *
=2
>
rr
=2
oM
(it
lm
[oZah
2
o>
rE o

(Step 5) Step 4914 F%
det(A)E A det
1-59] 45 whEsitt

Step 5] A%}, 53 5

— Oud
Y
fol
kg
.
)
A=y
o%,
e
lo,
09‘(‘_1
e
1

[
=
RS
H
o
g
o

il
éﬁé
23]
2
lo

118

Input ISAR raw data

RD processing

ISAR image (I;) ISAR image (1)

T T
| Feature/scatterer extraction by SIFT |
A4 v

K number of SIFT descriptors
from I, (A € R128%K)

Q number of SIFT descriptors
from I, (B € R128%Q)

’ Matching by NNDR ¢
P number of matched SIFT
descriptors of I (A, € R3*F)

P number of matched SIFT
descriptors of I, (B, € R3%F)

T T
!Outlier removal and matching by RANSAC}
v v

L number of matched scatterers L number of matched scatterers
of I in RD domain (P, € R2*k)

of I; RD domain (P, € ®%*L)

________________ o
Yy

Output Estimate rotation velocity of the target by using (12)

T8 2. A ISAR CRS 71¥9] 55
Fig. 2. Flowchart of the proposed method.
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