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Abstract
The classical image reconstruction for stripmap SAR is based on the Fresnel approximation which

utilizes deramping or chirp deconvolution in the synthetic aperture(slow-time) domain. Another approach
in formulating stripmap SAR processing and imaging is based on the SAR wavefront reconstruction
theory, and analysis of the SAR signal in the slow-time via the spherical wave Fourier decomposition
of the radar radiation pattern. In this paper, we compare the Fresnel approximation and the wavefront
reconstruction methods using simulated stripmap SAR data.

_8- o

Stripmap SAR Al2elo]A #HeltlE Slant range-domjin*)ﬂ*i A E StripAel Data acquisition period
< A&siM 22 Broadside WA #HHE #2319, Range domainelAl 2R ¥ Stripllel A& ALkd
A-FsE SAR 94 Aladoltt Stripmap SARE S8 A A4 EYS Synthetic aperture
(slow~-time) domainoll 4 Deramping *t3= Chirp deconvolution® ©]& &% Fresnel approximationol &3}
Aok = o & Stripmap SAR F4H3le] by e 2E SAR wavefront reconstructiono} &2 #lol] @A}
Helol thdl spherical wave Fourier decompositiong %3¢ slow-time domainoll A1l SAR A&l E40f
78S Fo Ut B =FdMe AFH 29 4¥& T 44" Suipmap SAR dolelE ol &8ty
Fresnel approximation 71% % Wavefront Reconstruction 7)-& u]al ¥4 g},

1.4 & 7 oHy 2707k Bl 99 wez urtw

7l 99o= g Cross-range resolution® #/4A717)

ofr|

Synthetic Aperture Radar (SAR)E A%, ¥4 ¥

o W A EHE B nHY=Y ARE A
FaFe v8EgA Ee JAEA dHeolo Ao
o, #&se SAR 94 A&249e AA Stripmapd
Spotlight-mode SAR A2drdz P EdH o
A Y EE & GoAnt He AdE gz o
438t7] Yl e Stripmap SARZF ol &3 1, £4
A MYEE A EFAFE AAAE @A
71 918k A Spotlight SAR7} AL& 5ol 4 it
Stripmap SARel oid nAAHA JAEULe
Synthetic aperture domainol4l Deramping =+ Chirp
Deconvolution® ©]£3d& Fresnel approximation®l
o 7lgkg 3 ok 2gx gojd o] HYURE

Zutz ¥ 327 g Fol(Broadside) 4 $AHE A

98 SAR dHiolE|H el g Wa@o) o]F Hso o
A FHYEe A& FAstE Spotlight mode?t
AU, HYste 7iYol

approximation-based Inversion o]t}

ol & Plane wave

Fresnel approximation& 7i¥to 2 3l nHZQ
Range-Doppler Imaging® #AH2Z  Suipmap
SAR A2®g st /48yt a2y Spotlight
SAR Alzglo] E=U=EINE uf, Fresnel approximation
& o}g} gt Spotlight SAR imaging 2 H&
o] 8753543, Spotlight SAR dlolE2 %Eeje] o
A8t 93] Plane Wave Approximation®} 71#+o 2 &
274=Eck. Polar

=

£ Polar Format Processing©}
Format Processing® Spotlight SARel 4+ %

- 29 -



2000ME SHETANISE] SesEwWES] =28 Vol 10 No. | 2000.11.4
828k Striomap SAR Alaxlel EAol glojMi  aperture domain 3= slow-time domainel2hy ¥ 2l
My Rsjot 2 #E (0,w) lined wat F3QUch synthetic

g7z AFE H871EU Range-Doppler Imaging
3} Polar Format Processing ¥ ¥4 E5 Z3Fu9
BHEAE ¢&8le Approximation-based %9 4bsH Y
oleh, M YHHeZ TAFE o] &% 4 E
of ZHo A, 2FYH, AE FHF Fol o
2% A& Yz oy olF AAGY AF o
8 712 "y 7Y ER wo] Jusoigtort 4
Hog golyd Ay HFedE TAZ Ak

oo wa] Z& AMEANAM FAF NEE ZA}
3 gl BEY TEYHY AYAR Hysd £4
F AZY £ AF, g8la A2d AREAHLE 1
Hily ZHFFE &8 Jde 7Y
Reconstruction 7} el g}

B =FolME Stripmap SAR 4438 71y Fo)A
ARGE & 248 glo] Dd2 Fyate] ARE4E
a9z o sl
Fresnel-approximation 71¥& ¥43l3, &L A&
WY PAdM AFEH 2o 4¥& Fid
o]z Stripmap SAR ®ielEle] £712] 719& #H &3
o 4§ HR 2N

Wavefront

Wavefront Reconstruction 713}

O. A" 249

Flight Path

Cross-Range

19 1 Stripmap SAR F4A 2809 Geometry

Synthetic Aperture Radar (SAR)¥ range, cross-
range, altitude (x, y,2)8l Gageg o]FojA spatial
domainol A EHFHe] wAIGFE AdA = F4

& oFe dARdelt B =EAdME ranged
altitude W5 & ZEsld slant-range domaing Tt

Eo}, slant range®} cross-ranged 23419 spatial
domainol A <3438 EAE ZHEYD oz 49
£ (x, )2 e

1% 1& suipmap SAR 4438 AlA" Geometry
& uehdich  ujaidlel galE delri: synthetic

aperture domaingd w2 WERY, 2179 frequency
k2 YEbdT 1% synthetic zperture
Hxef A, delde wide-bandwidth B2 4 & sy
Z d4sln ¥¥gdonre Higol 2+ NEE

At of714 ¢ & fast-time domaing ‘lERE,

2
~
&
79 fast-time frequency domain® w2 el
o

domain-&

HE ()
(n=1,2,--)o1 A WAAF 0, & A= 3B E
Mg HAgoez FAY nHHY Uxe BYH 49dg

zaisl B, ¥4 2+ range domain(slant rarge)®

Spatial domain (x,y) domaine]4]

el W 9= cross-rangelazimuth £3 along
the track)Z Yehd7] H&) A2

Spatial domainei A (0, @)l HAxlg ol cf
50 A3 N2 BH F49E YASch 714
glolt] WA & ommi-directionale 2 7} gk,
olgt Ze AlAg 2o FHE FAMEE ¢
T} o},

tjo

4, u)=2":a,, p[t—————'——*z x;,+(cy,,— L ]
W+ (y,—w)*

(4

a

(1

o 714,
Z 71212l Round-trip delayelth. Wave divergenceol

BAHE DE g4

(S

= doltd2RE 2¥9x ®

L2 9 29 299 g,0
‘/x2+y_ n

‘/x3+(1y,— D7
F4drch
#4949 (0. k)R HolBE TUGHe 23t
= (b, k) 3922 mappingBCh. F, (k.. k)9 Support
deo] g 239 9 Fourier#$H& Stripmap SAR
Al4ee Point spread ¥49 ZYE& dEUE 2%

9 sinc #H"oldh sA=E (x,3) domaindlA
sine 459 F<%9(main lobe)2 2, thgzt ol

£4,9 4,2 vepdct

D,
R {4 == z
4.= 2wg 4, 2 for planar radar
Stripmap SAR A" el A range®t cross-range

Bdel HEpuziel A gk
Planar #°]ti9 Cross-range resolution 4,% #°]

the) % 7o) Batl we gy

resolution-& =g

II. Reconstruction Algerithms

1. Fresneal Approximation 713

_30_.



20008 = Bt=MAI} el g

=gtetedt®s| =27 Vol 10 No. 1 2000.11.4

Alagl 2ol FAF AF s(f,u)7t o] &
2499 FA (X, 028 Ho| HAL W, Fast-time
t o} B SAR A& el Fourier ¥8& n2isind,
s(w, u) =P(w)g a,

x exp| =72k (X .+ x )+ (v, — )’

Xc F9o Slow-time w4 nid ZEEZHE
Aol Aalol s Taylor series expansion

(2)

(yn_ u)2

ZXr +...

VXt x) + (v~ w)? =
olc},

¢ Taylor seriesol A} Higher-order term&& -4l
33, SAR 4% 2de g o] "o
= Pw) Z": o,
w4’ ]

x exp[ — k(X +x)—jk (yX

Xc+x,+

s(w,u)

= (o) exp(~j2kX )3 o,

Hy,—w)*

X exp[ —j2kx,— ] =t X, )’ ] (3)
 #4& SAR A% =2dd th§  Fresnel
approximation®] 2} ¥}k o714 $g& 2kE Range
spatial frequency domain2 & &3 8ot & k. =24
Spatial domainellA °]4xd E2FE ¥+E ud
&od 2z}
fllx. =20, 80x— 15, y=3.) )]

Range x domainel #3% o4 BXE 450l
HE 139 Fourier 98 tg 2o
Fo,(kx.y) = F(x)[fo(x,y)]

2.0, exp( =] by x,) 8y —y)

(5)

o] A& o]&3l%, Fresnel approximation-based
SAR 2% 24 ogr go] ¥ 4 sdrh
kil
x ) 6)

Slow-time % domain®l4 Convolution

o) = Pw) F o (2k, u)* exp( -

A71A xi
£ vedc

SAR 348&E4d &, ZEE F Ax, & £
1219 Fourier H& F (k,,y)—' H43te #+AE
SAR 4% s(w, )2 28 &5 2& daA chirp
A &9 deconvolutione 2 ¥ 4 th

oo 4]

Matched-filter®l 3 ejol Aol §4st 42

Flke,y) = P(0)s(w, u)*exp( ’3(“ ) o

A7 M F(ky, ¥ = F ol Ax, N]E Range x domainell
o ®3 ¥2 149 Fourier Mo, k, =24

y =yuolt},
Spatial domain EAEF Ax,y)E o9& 2o
kol g F &, v Inverse Fourier#dtel oisf

A4kgd $ 9drh
2% 200  Fresnel approximation®& AM&3
Range-Doppler imaging® Block diagramng& el

gttt 9 (MA& Cross-range doppler domainol A
o2 (8)A 7 o] Alaslojd £ dct

. kX,
Filke k) = PY(0)S(w, k)exp| ~7—¢F" 3
i) Fourler Transform stanu) ::::;:'Nnrlng
t o J Pl | siean
- h 2
o N
Al Ferter Tramform ::'::‘mmw 4—e; Feurier Transform
(kx. ky) = (x. ¥} Ky (.1~ w. k)
» expl- j—"d—k‘)' ~———————
= % .

28 2 Fresnel Approximation Block Diagram

2. Wavefront Reconstruction 713
Fast-time ol #% SAR 43 (¢, )¢

ge o #o.

s(w.u) = P(w) 220, expl =7 2k x;+ (v, — w)’]

Q71N k=w/cE
B mPoale SAR & ye(— oo, o)A ¢

Fourier ¥

9

wavenumbero] t},

o] o]Roizirtn 7} Ech Slow-time wel ¥
spherical PM A& 9] Fourier B8 ke[ —2k, 2]
of tidted ohg-3 ol Ald€rh
Feylexpl — 20 2+ (r,— 1)
(10)

]

exp( — N 4R = Boxy— i b, 3)
k,E& Synthetic aperture frequency domain 3=
Slow-time frequency domain®]&ti &t}

Spherical PM 21%9] Slow-time Fourier 54 &
AH8led, Slow-time zo) B3 s(w, 1) & Fourier ¥1§H2
S(w,k,) = Kw) 20, expl AR = Eox,— i ki)

(1n

ARG E exp(— i 4F ~ Boxy— i by y)°l (x,.3.)°

AY gAagtFelE AMAE SAR d4aA g

AR reconstruction YaENFEE FTHst: dlof
ool Fag &g do.
2dE F A N2E (0, k)9 #55 Ao
24 o 2 SAR A3 E A ¥E & At
Slw, k) =P(w)2": Oy ()
x expl —jklw, k) x,— j kb w, k) y.]
i\ F Ao NEE $4HE hEa #Hel A

_31_



2000 BH=MALLets| eSS HES =FF Vol 10 No. 1 2000.11.4

of g},
k(o k) =Vid~ £
(13)
klw, k) = ku.
8% o ¥ ¥4& SAR Spatial frequency

mapping %+ Transformatione] &1 ¥ &t}
Spatial domainolA o3¢l FAHYS;E
Zol ol nx}
folx. 9) = 220, 8(x = %5, y=,)

229 Spatial Fourier® &89 oi g3 g

&3

(14)
QE-E

o] grh

Folly k)= Z":a,, exp(—j ke 3,— j by y,) (15)

Fo(ke k)E X3 Fourier shift 2422 (x,.y,)
n=12-9 4Y sdesd ddzgoz 749
ol A% SARYE Sw.k)NAM Fylk, k) EBE
Abgste o33 ol ot

S(w.k) =P() Fol b w, k) ky(0, k)] (16)

A7V kw, k). k(w k,)E SAR Spatial frequency
mapping 22 AIAFEc Reconstruction® 8, 2
%49 2% S(w.4,)9 Fourierd$ o2 XE f(x,3)5
FAssl7l e e o] P

o, k)

F(,[k,(w.k,,),k,(m.k,,)]=m)— a7
A F4e e WY AdY Niod
Slwk)E lk)> 2k dsidE 0 017 "o o=

Z Q! Reconstructiono} o},
242 Reconstruction® Fast-time matched
filtering& %) clgx o] Mgt
b, e [-2k20)% we [w.—wy,w.+wlol s}
Flklo, k). klw, k)]

=P(w) Sw,k,) (18)

=|P(w)l* E On exp(—F by Xy—j by v,)

SAR reconstruction€ (o, k,) domainolX #Ed
dlolelo] ¥ (4, 4) domain® 29 Mappinges E
8to] ol Fojarh AAZ SAR Alage e 9o
M AMg Aol Al (w, k,)domainel A Rectangular grid
Bl S, k)2 TLY A YEEZ o] Fo A},
(w, k,)domainol 4] (k,, £,)domain2.2 2] 22}9 Mapping
AMel udY EMHoz Kk, k)l ZHAHQ ulo
HES BUUdY 0A 4EL 7144 gk 29
U, #8E 249 FFTE B8 Ax g 24387 o
Fo] #UF Rectangular grid¥el Flk, 49 B1
2 273

k, domain® &9 SAR mappinge TY§ 7+Ho
2 olgoAuR ko FUAY 7H GEIA

Stw.k)o GEE THAA S oww, k= F
AN E (w, k)BT vy FFoimz 4o Bt
A AF H9 YEZEE &, domainol 4 1244
Interpolationg tojof &},

Range domainAe] FTHdde ol Range
swathel o8 ZAHEY re [X ~X. X, +X]82
7tAga dM X =
Range domainl* Radar footprinte] Z27}e]c}, wjeh
M, ANE R, k)9 9 Fourierdl@to] x=X & 24
o2 &7 Yo, AZ F(k. k)Y kb domainold
Bandpass 4l1&°]t}. Interpolation 9418 $l&] o] A
52 LowpassZ H#¥ Aast 2o oz s
& 9] Baseband conversion& 48 $hc}.

Fylky, k) = Flky k) exp(kX.) 19)

Spatial  (x, y)Jdomainol M Q¥ & Baseband T
T4 filx. 2] 240l Utk Lowpass BY #4:3
#A & Reconstruction WA A& thgat o] g},

Filk(w k). ko, k)]

mean  range°®l 1, 2X,.i*

= P () S(w.k,) expljklw, k)X,]

= P" () exp(W4F - X)) X, k,)

(x.9)=(X,. 00l

F¥el U@ SAR A8 8 majs) w=a
2 2

[t-— WX+ w ]
C

(20

Spatial domainell 4 Axg =

so(t, u) = pl for u e (—oc, @) (20)

Reference  SAR

Reference signal®] 2t (fast-time 2} slow-time)
Fourier ¥ #-& 319,

solt, W& Azgtn R

So(w, k)= Fw)exp(— N IF -2 X,) 2nh
SAR Baseband reconstructionl 4 Sy(w, £,)°7 %}

¢ Edd g
o},

Flhk (o k) klw k)] =S(w,k)S)w, k) (22)

o] 22 Spatial frequency domainol#4] Baseband
EY 4L Reference SAR A3 & olf3dlo =3
¥ SAR 45 @4 229 Matched filtering & %
3o EdE 5 88 Jehdg,

o714 229 Frequency domain matched filterts

Agey, See og 4 284 2

Fast-time domain matched filterd! P*( )9} Spatial
domainell M Target area®l T4 & Origin® & 7}
oE 4484 ep(VaF-EX)22 §
TAElo] et

14 3°]& Spatial frequency interpolation® Ab&
g SAR wavefront reconstruction 7}%-& UERARL

=

yrow

-32_



20008 =

Eeista®s| =2% Vol. 10 No. 1 2000.11.4

8 (e ku)

slew. ku) l

M
) | urier Transform

(1) = (@, ku)
Maiched Filiering

taverse
Fourier Traneform

(ke k) > (e y)

Interpolation
k= Jak - k'
kv = ku

fix.y)

1% 3 Wavefront Reconstruction
Block Diagram

V. A% 2 e
2 wEdAg ddel Algd F2 #Hues) 8
2Ee g 2o
* Fast-time sample spacing : 4,=5 #s
« tlelrl 9] Fast-time 9% : [250, 350} MHz
* Fast-time sampling®] Start point : 3.6152 us
» dlojel o] Carrier F#35 @ £, =300 MHz
* Mean range : X, =800 m
+ Synthetic aperture domainol] *1¢J
Sample spacing : 4,=0.5 m
» Synthetic aperture :
[—L,L]=[-877.3503,877.3503] m
« tol] el Diameter @ 2.4 m

cHAE
A D,
A,=%‘;=1.5 m, dy=-3'=1.2 m

Frin Acsrexmaasion sipearp AT Receasmpction

A 3 ] wn
Remge X moaters.

7198 4 Fresnel Approximation 714
Hedn g4

Worshart Kirpameg BAR Rirorwiraciom.

4 o & )
[P

2@ 5 Wavefront Reconstruction 7]
qE&dn Iy

a¥ 59 123 6& Z+2 Fresnel approximation 7] %
I} Wavefront Reconstruction 71§ Matlabg o] &
& Stripmap SAR diolElo] H &3l e A}
gdolth, Al A B £ Qo] 2ASE sAge

Wavefront Reconstruction 718 @ aeld %,
43t gAEE A Jdelulol FQon),  Fresnel

approximation 71H& HE&&# Mol g4 4
dME AP AYEE Holyd Aoz z
& 459 Degradationo] 4zstA vielvin,

V.ZE& ¥ 3344
2 =&M= Fresnel approximation
2 AAE Suipmap dolEe] ztzt HLaAT)
Fresnel approximation 7ZI¥dlME Nc F9d
Slow-time w°}4 A ZEZB2REH dojtt A
o sl Taylor series expansion®lAl Higher-orter
termEE FAFLEMA, A o F AR ol A
golyt EHol diafAE 4 zte Degradationd K.0)
AR, 248 gy HW3 2dEg A
Wavefront reconstructionZ7i ol A& Zdated 4 4
Are sidmst $LsA YeEld g g9g +#
. 8% #BARE, Wavefront Reconstruction 719
& 44 £8%U Y4499 Stripmap SAR dlo]Elof
gt 2 Heg BAste Aol

Al O
gl

3L

L

FaEd

[1] M. Soumekh, Synthetic Aperture Radar Signal
Processing with Matlab Algorithms, Wiley,
1999.

{21 M. Soumekh, Fourier Array Imaging, Englewood
Cliffs, NJ:Prentice Hall, 1994

{31 J. C. Curlander and R. N. McDonough. Synthetic
Aperture Radar, New York: Wiley, 1991.

[4] M.Soumekh, "A system model and inversion
for synthetic aperture radar imaging.” IEFE
Trans. Image Process., 1:64-76, 1992.

[5] M. Soumekh, "Band-limited interpolation from
unevenly spaced sampled data,” IEEE Trans.
Acoust, Speech Signal Process., 36:110-122, 1988

[6] Jeong-Hee Choi, "A System Modeling, Inversion,
and Phase Error Estimation in Synthetic Aperture
Radar Imaging,” ‘96 IEEE Invited workshop on
pattern recognition for multimedia technique,
pp.111-123, 1996.10

_33_



