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ISAR Simulation and Analysis for 3D Maritime Targets
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Abstract

Inverse Synthetic Aperture Radar (ISAR) has been widely employed for the identification of maritime targets such
as ships. Owing to its capability of providing two-dimensional imagery, ISAR enables more accurate target
classification compared to approaches that rely on one-dimensional radar profile. Unlike Synthetic Aperture Radar
(SAR), in which the target appears in image as observed from a nadir-looking geometry, ISAR produces images in
which the target perspective varies depending on the type of rotational motion of the target and the line of sight of
the radar. For maritime targets such as ships, ISAR images are formed by the roll and pitch motions induced by
wave oscillations. Consequently, the resulting ISAR imagery can vary significantly depending on the sea state and the
radar line of sight. In this paper, ISAR simulations of ship were conducted under various conditions using ship CAD
model, and the characteristics of the resulting ISAR images were analyzed.

Keywords
ISAR. maritime targets, ship, simulation

*

THHSATA A7 EATH 457 WA - Received: Oct.. 31, 2025, Revised: Dec. 08, 2025, Accepted: Dec. 11, 2025
- ORCID'": http://orcid.org/0000-0001-5557-6582 + Corresponding Author: Ki-Wan Kim
- ORCID?: http://orcid.org/0000-0002-7451-6398 3 R&D Institute 4™ Directorate, ADD, Yuseong P.O. Box 35, Dacjeon,
- ORCID®: http://orcid.org/0000-0002-7918-8098 Korea

Tel.: +82-42-821-4894, Email: kiwankim@add.re.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2025.23.12.253&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

A
&

M

254 3D @’ ®A o thg ISAR Al Ed o] 2

.M 2

ISAR(Inverse ~ Synthetic Aperture Radar)= SAR
(Synthetic Aperture Radar)®] S(Inverse) 7|'H o2 3
Ao 3t 2239 IS AT 4 9Tt SARE
AE Ao fHOlW dojtirt &2 ol ’LL
olg ¢l I3t Fuk WIS o]fste] IHE WE
;(]u]-[ 112] [SAR= _‘?jr_z-},] e-zojoF H]'/\go]-— =
Zei2 olgeld Aare HETRI. ol o
£ ARE $847) 248 & AW 249 £
I 2AE & e Bol ohie, i
2e 715 ZAdAE SAR 9AE Hg

lﬂ B

é

mlo

_I_A

Tl A E(Roll), T)X|(Pitch),
(e}

THE vk ATH5H7]. =3 AlHt @ oA do]
7} 283 ARZ ALEEZ [SAR GAfol| A Aluk

9] ZHo| & UYBHULES st Wt gt dF
[8][91¢F H}=o] ZHUSE CP I(Coherent Processing
Interval) 77t @} ISARYY d50] BEAER

HA CPI T4 Adshe HJOJOH g AF101=
FYE ATk 7129 oY AFES ety B
ISAR 97l oH Has
A EABIAAT AAHSE o) 71A] 75l
st} E4o] o] RARA = Kttt B =EoA
© A 9 Ads 2H AR 7]%2§ o]
27HA 847} ISAR W*Oﬂ Lo P |
ot A2 AlEdelA ﬁﬂb‘Hh P W
3} o]} Folel tha)A —E*—q%}%t}.
B =79 ML e 2o 242 ISAR %
= SARS Hlwste] AWt 342
3D s A o] gk ISAR AlEFolAd T 7]
2 oA AlEdgold Wy 2 ¢
= 3‘].% /H\:ﬂ—f.‘q /\%}Z—I _i[_é’ HHL o]]l:] o) E’Jﬂ
of W& ISAR ¥% 4 & 7IEstAth vpA

o2 4= ISAR AlEH oA AR s

r

AYstar £ A9 9wl tisA 7|&stH T
II. ISAR Q& &AM 22|

2.1 SAR2t ISARS| sf &t H|w

SARﬂ HJ%H 4% 2 (D)3 2Ze] AsAH[11],
21 2)9 o] Azt

)\c
p{LSAR =0.886 20 (1)

Pa_1SAR — _Q (2)

il

19 12 SAR 4% #H 7]gHE UEhd Ao
B 1% 2+ ISAR 3= #HE 7)EHE vERd A
oltt. I# 10149 6, ,< SAL(Synthetic Aperture
Length)®] A&7 #24& o] A3 SAL £84
W FHE o] Aol ] © 7% 9vlety 19 2

A2 0= CPI &9 ®Fo
E} a9 10049 g, o 1 2°ﬂ

syn

Ao
o7l Wil A () 4 @)

i

o3
Oﬂ Me H]6§7]7} AM EF= ok 7HAst
201 4= ¥ Z1-& & (Translation motion)©]

dE Zlow Jpgste] nigr|et w4 ke A
= 4 30} | fFAE

% 194 HAYS= range curvature= SAR A&
A2l BAolAM BAFEH range curvature”t E/4H
A4 (Point target)e] A= bS] #IRIA] H(Range
bin)ol| AEE o] e WFOoZ FH(Chip) A37F H
o 3] e R A AZTL He olfe sk
#e1A] Hlo] HEEUty 3tEEEE range curvature
of oaf WG 22 Fejo ol W WFoR
HolQlal o] & WEgt FuroAE 14 JErt &
7] WZoltt. e H AsE ¢5she He 27t
A7} i=d A7 =W Q(Time domain)l A de-chirp
Stod FFT(Fast Fourier Transform)sh= Wi o] il 5=
34 EWQ(Frequency  domain)olA  7]1EAE
(Reference)E FFT3IY conjugates 3t & H3to

IFFT(Inverse Fast Fourier Transform)sh= ®'Ho| Stk



Journal of KIIT. Vol. 23, No. 12, pp. 253-263, Dec. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 255

Airplane
» » >
Airplane
Moving
Direction
esyn
Target

O3 1. SAR it & 7|5t
Fig. 1. Geometry for SAR resolution

a9 204 #AS= range wake I1H 19
range curvature$H= ©E] 221 FEY T QU} gloxm
Z ISARIM = F3717F HEA Aoz &3
o+ §lth ISARAA = A BFOE A &
oo A range walkE HAFsHA HW o] FAHS
&5 52 J(Translation motion compensation)®]2}i
20 HAEFTEAY FAlA —r& A4 (Prominent
point scatterer)oll ™3t Azl ¥ (Range align)©]
7hsstARE d 4HEHH (Point scatterer)JJr gojx 4
HHLFE A AEo| 2 AAA "o ol
e = Atz ojofAH ol|gh A wEol
ISARE g7d%o] SAR tiH] &4 Atk dA7F 9l
o} ISAR &4 2] I A range walk7} B =™
AR AlsE eolAl wlo) BEEm ey ek
O 2 dechip¥ ZJEHO|EE FFTsl] ¥ =0l
7Fssttt.

u:rﬁémei

Airplane
o P =

— =

Q

& w @

Target Rotating Counterclockwise
a8 2. ISAR sifAtT & 7|5t
Fig. 2. Geometry for ISAR resolution

, 3 o] geoltke] =7} w4 &
el AR Bwe AEwd A dxdmz
SAR G4 HAL oAl et Wk s Yerih
BT ke §14 STt 2ol ol
o 17} ErhE AAAE % ‘H% lEUWr o] 7}
TASHA Hu ole w= Al
ANAE Jguq o x] UJ__E Eﬂﬁdﬂl %E}.

:;H,] §]xqo]
AP A J+

R
v
[
o®
W
rlo
r)~
1z
(o3
o
ol
ok
ot
o
>
Hy
o
frtt
oxl
e

r
lo
tobt

(2

Z

of

o

rlo

N

P Fx 2T HAYSHE ISAR G

e Xz B FAHAY BEA Aol &
AR 91X 2Ao] FAl sk o]d 9
e YZ HHH XZ HHo] F4% " HHS 7]
TOE ISAR 7ol FAET sl A Adutof
Me FE & BAY 9 2AHo] dAstA| R qhof
Y3}

Aol wAS uYe Be ¥
i} vxmxm ISARE o] ofd B4l &
g s vl mek w12 Yertk was P
]1:%_
3
a

~

ABE SARC Mg} ®A G A 7t
dZo] otk ISAR Al=®lo R HA =53
9 I8AR Fd< ofgsl &4 AEs s o
ISAR 949 E4< 2 olsfstar A9 d|9t ¢
o AR, St= el mEbA ofWd ISAR 94
of & & A g detsia e Favt Jo

O

Roll Motion Pitch Motion
’ .

Y

agl 3 Mete] & 2M3 x| =M
Fig. 3. Roll motion and pitch motion of ship



A
&

256 3D @’ ®A o thg ISAR Al Ed o] 2

M

wW
O
ol
=
0z

HFHof CHSH ISAR Al=2[0|M

MATLAB $HgollA 2k 7iakgt
o ISAR AlEH)HS FsIHon F9
] 3139 2o 2383 FRE 7] AR
F S AXH QA AAEE
oH= ISAR Gl F3s F7

A~
T

| .
TH

o

O

& e
fd ol =
oo
o do
oft o>

rir

o

I 1. ISAR AlZ20|M B
Table 1. ISAR simulation parameters

Simulation parameters Value
Center frequency 10GHz
Sampling frequency 360MHz
PRF(Pulse Repetition Frequency) 3.7KHz
CPI(Coherent Processing Interval) 0.4245sec
Radar platform altitude 10Km
Radar platform velocity 200m/s
Radar platform heading 9Q0°
Slant range 100Km
Target heading 0°~90°
Target velocity O0m/s
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