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Abstract

In this paper, a small synthetic aperture radar(SAR) system with 30 cm resolution is proposed, and a RAW data-based Doppler
parameter estimation and motion compensation algorithm is described in detail. Acquisition of both PoISAR and InSAR data are enabled
because there are two channels each in the transmitter and receiver modules. Automotive-based field work is performed to obtain
PoISAR data, and signal processing results are ultimately obtained. A motion compensation algorithm is used to mitigate the residual
phase error due to platform oscillation, and improved performance is obtained with the motion compensation algorithm using the
automotive field test data.

Key words: SAR, SAR System, Doppler Estimation, Motion Compensation, Full-Polarization

I.M & f1dolut g 7lel BAEH SEHACH, g0 B3
St H)-g-o] Wo] AQEo] FE FAME T T Al

SAR(Synthetic Aperture Radar)&= 7|2 0% Hztut& Zdlof] AREEH AT
Falsle] HolHE g53tH, o] HolHE A2ty 1L 7 | M= 48 UAV(Unmanned Aerial Vehicle)S X
AT S 95T F e AAF Aotk gL ghek a3y 7] §Al &% SAR Al2H I #HEE At €

@l ZAA 7€ A2 (CAL Lab., EchoSensing Inc., Korea)
A o]o| 22E] 7] AT A (R&D Center, KST Technology Co., Ltd,. Korea)
#k gkt 8Ly o) St 87 217 By 85 (Department of Information and Electronic Engineering, Korea Aerospace University)
- Manuscript received July 5, 2018 ; Revised August 7, 2018 ; Accepted September 12, 2018. (ID No. 20180705-071)
+ Corresponding Author: Jung-Hwan Song (e-mail: jhsong@echosensing.com)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 707



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 9, Sep. 2018.

WA =3l itk 5] ImSARE NonoSARE %
gsto] thoket 2% SAR A|FS sty gloml v
2T 9] MetaSensing> st 3149} HalE AR &
AT F27] SAR Al2E S 7 dste] 2008 S EH AfH]
22 AFata Qo w=e A0 JlgRu st
(Universitat Politécnica de Catalunya, UPC)ol| A %= UAVe]
A2 753k 5 kg ©131e] 23 SAR AA S ATl

Ul A= kst 4ol A 8F7] SAR(Korea Mini
SAR, KOMSAR)E A& 7l kst 7, 8y sl o
Me 209 A AdS 2= SAR AlZEl(AutoSAR)S
Mdste] 25 AE 71NEO 2 SAR 9 B 9S85
Al &b, LIGY 292 £3l5 30 cmF9] SAR ¥
FE A3t A 7)E SHE 52X O Z NexSAREE= Al~
8 24 st o Mt gtael ME v ImSAR

At

AZHE 23 SAR A28S B3] 0|3 A 337
SAR A2HS FEALO, §37] AE 5ol Hole)
g 953y, 92 A/ 5 O 97 3

S il
& Zgsta et g, St A s FMCW
(frequency modulated continuous wave) #o|THE =&
gAlste] 84 S g5t A4¥s FYsINeH, &
25 F43 SAR A 2F 9 8 HeAS ATl
o] ¢} o] Lol HdE=

oX,

lo o &
e
T
2
:N:"‘ N
i
).
o
=
5y
rob ;
%
N2
£3
>
T R
o z
>
rir

_‘a
2
(o
S

~ m\g_lg
ofo
I
N
HiF
rlo

o,
=
)
=
__\Tl_“
o

N

A

et
I
o o @

S

i

2L
o yo

v}

wx, Mo
ol
ol
ol
>
o
i)

[

o
=3
>
>
R=R DS
o o
o
N =
ox, & T
wa
e
1:0 rlI.
oft
T e
T L
i=h ofo
rg o
)
rie,
r>
fols

i)

o,
i b

9,
X
I

¥ r
o

Ty
=

G ES 3 Gk Tt 4%
o

=

FAE 2AE AL, Ase A

RN

o|N
SL

II. SAR A[AHD 274

2% SAR A 299 £5 tolo] a1 S 11
WAt stedlole Alof 2 9y W g
&, olel £3 % A A BE, AdEE 1

708

I FPGA H DAC H ) H PA }—‘
! d Convertor

. SAR
0SC ANT

| | xe e e |
USB ! g b

Power Management ‘

Operation
GUI SW

8 1. 2% SAR A 2§ 9] &5 tholo] 1y
Fig. 1. Block diagram of the small SAR system.
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Table 1. System specifications.

Parameter Value Units
Center frequency X-band -
Waveform LFM -

Pulse width <20 1L8ec

Band width < 500 MHz
PRF < 1,000 Hz

Tx power 40 dBm
Receiver chain gain 70 dB
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Fig. 2. Actual pictures of a small SAR system.

A BES AEAES g8t A

FA7) RES &Y FI5E 12 GHzZ I A H o
o, olef g 13 W79} vlolE £ HES
stk o|¢t 2ol IF Fok+E YATFo =N T4
A7) o} dlole 8 RES AR, $541

ST 3o ofr

r
X~
b

[t o mga

o 2

Ehdi o, JJrtﬂ H“é‘ﬂ” °‘-H 3P AT F A=

R o g ) HH?WE} GUIZRE WX 2 g2
TH F4l 739 AZ2 DAC(Digital-to-Analog Convert-
ten)S AA P21 AT Z MEF M, 1.2 GHz9] IF(Inter-

oA HI|

Staus <~ i DACIISYDACISIE
e le>t

33

Trigger #1-43
@IN)

Timing
(SMA)

I8 3 HFWAS 2F tholo] 1y
Fig. 3. Block diagram of waveform generation module.

=

mediated Frequency) 2}
5424 1391 718 919 Golt 439 0 2

—h
i
o,
ot
e
ok
2
Ko
EY
K3
>
oL }Ol
> rr

o] REA AATEE AT
I8 4= 570719 %—% tholoj 13

FAZIE L9A 6 ojs) Aot

FAel Holg F3e] 7}%@ TN A A E A

Ho} lrh ERh vl B

& TPt itk ol¢t Z;% TEE S Ha(full-

polarization) F4S 5T 4 91°™, InSAR(Interfero-
H
b

metric SAR)$} 70| 497 3=
c&Topl BF &8 F J=E fEach
BPYAY7| 2R A9H [F Aoes XE F45F3%
TE ek MakE ) 10 Wi A8 5Z7](Power amplifier)
£ AA VR At SEH Aees FRA A
<o oA Ztzte] Hat QHEHUR HdEAoR FAS
T QLS A v, SFEUEFH Ag w2

[ru

21 A%+ LNA(Low-Noise Amplifier)& A4 ADC(Ana-
log-to-Digital Converter)ol| A 2 datA AEH T —’F
AT YA SFE F O IF FIFE 3
2l 2128 1/Q &+ ¥ (imbalance) A& H
A dHole 8 2 AeAE] EES IF ASE 4
T8 ES A5 ‘3] olfl 3 EE Innovative

T4
Integration®] X6-GSPS H.EE A}§-3151 om, t & dlo]

]4

[t

>
N

atin

i
Ls
»
:
iz

e xSt
Trigger 83 )

B ﬂ art <) D ST S
e — T

8 4. $541719] E5 tho]o 18
Fig. 4. Block diagram of transceiver module.

709



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 9, Sep. 2018.

B S A7at7] flaA
&3t At
ADCE F3lA tAE = Wgkd 4 415+ DDC(Di-
gital Down Conversion)E 314 714t 2] LA] tlolH
2 Wgdnh o]F /dE SAR A oA ZrAXE F
M =& gty 24 3 2% B 5o AAYE
TP, U dAYFS HEote] HFHOE SAR §
& FHstA "ok

£-222] SSD(Solid State Drive)S A}

. d=x2| €=

TAE HolHERH SAR G2 F46t] AT Als
A2] ZZ A A(SAR Signal Processor)E 7l 23151 0™
g 5ol Az Ae] AgS s veh it Aot W}F/}
208 A AR wlolE7E S0 2] Wl vlolE
S REo wet HolHE Eeshes 2o ] AgiEm, o
F4olA DDCE st 714t 9] A5 5 e
T&57 9 E 3% (Doppler parameter estlmation' DPE)
e =20 F4 Fokrd e Foke
Atsl7] S1d fE £58 FA5H, éfi’\’%/] %oﬂ

Received IF Signal

l s

| Channel Separation & DDC |

lRAW

| Range Compression |

RGC

| Doppler Parameter Estimation (DPE) |

lf v,

| Motion Compensation (MoCa) |

v Oﬁ{n)

| Azimuth Compression |

[

| Polarimetric Decomposition |

lSPAN / RGB

Polarimteric SAR Image

8 5. SAR A=A Aa
Fig. 5. SAR signal processing procedure.

710

ofall A= 917 LA BAsl] 913 25 B (mo-
tion compensatlon module: MoCo) B&5S X &sta it
U S FL 7124 2 2 RDA(Range Doppler Algo-
rithm) & AHE-311Th A2 3t interpolations 5233171 9130
A A (kemnel) Aol & U= #&F 4 3= RCMC(Range
Cell Migration Correction) ®E< T&3IHom, ¥4 3
Aol AHSEE A dole 165 AFSstiT 3k &4
ot Ruox 58 tolHEFE Hn g4 AAdst
7] $18+ A4 (polarimetric decomposition) F.&©] 35
o Stk

X

3 TS0 o2y =8

M1 T3 o Fir 7Y

EE9 A F 2 ARG Y] FA T -
band centroid) 57 7} ambiguity number —eré o7 Y=
ATk 9733 22 g3710lA 53 SAR HolHE AT
Ao ofgk 37t EAskA 7] wTol ZE;Eel A
Ag Qrelv Ztol] oA A4 =W, ambiguity number
F4 B 484 gk 7AW Y FA Fua 4
A S A AFE F dou, SEHUE AXshe 34
AN A7t ZAG 4 T, gEFoR AAC 7%
(squint angle)E XA ste] HolHE g5t WAL I
St Q7] Wl 7| 2A 0w 49 O}E T3
7AW ] FA Foa F4 7ML 271 719K (mag-
nitude-based)3} 1/ 7|1k (phase-based) W4 02 78
Ao, FEo| golaty FHHOE Al A7te] mE
g 7nk WA S ALste] 4 RES AU %
ZIREe 2 ZIAU A e FAFRrFE FA] AslM =
e e AE 7 SRS o8-8, ACCC(Average
Cross-Correlation Coefficient)®] $143} &2 F3919]
Ao ZRE AF A 4 gl

g4 H 2 & (azimuth
£ (effective radar velocity)&
T8 SEo] 27t EAf st

LAp7E A stE A, 9]



ZZo] IA AstE7] W] WHtek f8 Sx+ 1
T+ AgsiA FAE ok gk
WA O Z floJE 7|WOE FE &

=
=
He NZ BE S5 g3 AHgdt] uEA

o7 s
85313, contrasts IS5} 7 entropy S ] A5l
L A= e | O] Ei

e £ ks MElete o R {2 4 gtk
gt WP & Tzl £ o] Bl thste] BF e ¥
Aol stEE Az AlZo] A H O R Fol L2 ¥t
HA, LMR(multilook misregistration) 7]®H”& mulitlook
] ek 912 QA4S AFEEt £k g 3Alst
HatH, A 9Es S5 g A A}
&5 HAE AN  JoBE A A7k
A
Holg] 7|§e 2 §8 £25 F45k= 719
713t YOE gk s £ L
e 717e SR 2

wm=a =

¢

a9

P

[o)

lo

ol
o

o
lo

o it rir ox
>~
>
ol 1>
ol
ol

XOR A il

o
&
>
&

Mo 4
fo
m
e

v i
Py

S
>,
[
uit)
Clo
B

N ot ot |t
T ofl
BN
22
o
)
N
2
Q‘L
,
82
(o
B
>
ol
(o
ftl
o rir
fof
B
3l
il

f N
WF}EOSFEW
P
‘1‘3—10
23
R
e e
= 7
g o
)
ox ok o
> o
Moq
=N
: =
[e]
S o
o
i
:.OL_’I
[e3
A
r
O

o
o &2 -

4 or
o
e
o2
o
it
o
-
_O|L
38
£
o

o ol
b o
k1 o
2y
Nz

= o

QL

=
e
X,
fru
4
)
rin
£
o
2
o
i_t‘(
33
e
e,
=
o
ul
=2

o] contrast 7]

e
tilo
)
1o ©ofp
ol
NS
Px
)
)
o
fob
R
S
O
o
=)

ich

>,

N

N

tlo

o

Hye

ol

ol

N

o% (m
e
ol
D)

g
[

_0|L
rir

B
ki
)
1o
_>;‘_',
o

W
X
i
oX
o
2
o
s
8
(@)
L=
& 4
k=l
e
Ho
e
oo

o 4

o
sy
v}
il
o >
Rl ofo
ot
o
Ao
tlo o
i
¥
ot
QL
 [d
b
2]
rlo
>

N
N
N

2

A oz
=

N
~

z
T
et
4
30
)

x7
KN

AL )

»

ol
s

wt @ fot

[\)
>
=N
o
i

4
Og‘;,l‘
ol

24
fot
ol
(o3
ko{l
1 o2
1w
i
tot ofo
I
4
kS
4o o
2
2l

fo o e
1> x|
2

=9

=

.
=

tu |o

—17‘%1{”
> X oo (o o KU ¥o kI mX o X [ otlo o M X

>
>
)
T,
=2
T Jﬂ
Lo
> et
ol *
ol

W
N
ot
f
1o
i)/
N
to
U
i
>
>
oo
ok,
e
-
oL o,
1>
o
il

e
O
k=)
;&
>
ﬁ‘,
ofN
2 2 V(™

I~

i
ox
rok
au)
o,
=)
=
[
|m
P‘L
|
by
ki
)
1o
_>|4_:‘
o
rir
o=
f1 Ho

TN

& SAR A 2E > EYEo] o 5ol wat HA et

A2l )3t HNtrajectory deviation)2} 713 ¥}k
F &5 ¥ sK(forward velocity variation)ol] €J3l A S}

& LAl QA g/del FHol AA AstE 5 Sl
o oolEg EHES 25 o8 WSt A=
GPSIMU AH|E o]&3ted IO 9% HAFS F3)
3}, PGA(Phase Gradient Autofocus)$t 72> d]©]€] 7|4t
AIAY 7es Adste] o] RS BAse W
Aoz Fydg

PGAE 7|22 02 spotlight REo|A F 53 dolE
of A48 E AR JAoHHY A, stripmap EEo A
T 2749 B o] EEE AlZke] AR ThE27] wEd
Az h5E vlolE 7L e WM ME HAA FHo

PGA RTIFL W HET & gk A 474

vature) & N % FUSEE A 02h0) 23 v R4S G
gatel Wl Alzkol g 914 04 B G e, of
EE
S(weighted least

PSS N

i
v
>
2
M
ot
ok,
2
Ao
ox
fr o
_>,4_'4
il
i
o
i
4
o
A

o
o
=
>

>

H
square) WAS A&t 94 A B
2 & Yl
WA= PGAE ©]-8-31] stripmap L ENA 53
tlolElel] thet 85K AF7F FPEASH, SAR B
< 98 N9 E50E e § A WA contrast7}
£-5-5 ROI(Region of Interest) 2 A4 8}= W2 02

PR siA gt Z47ke] A] E5d thaix ol

O:

ro o HE a
Fl rlo
ol

rlriﬁ

Folle A 34 Aol Astd o Atk &
H WPCA(Weighted Phase Curvature Autofocus) %3 25
< 2 7INOE FAE FAY  lom, A9
FA49 ot AFeAE FHE F UEE ZHdYa

(framework) S -7 3131 THY),
B =M e WPCA ZydYae 7|vtez g4+
5

lo



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 9, Sep. 2018.

4 BES talete] 7€ PGA LES dd® 443
Aom, el Folstal 7t A vtk PGA 7O v
F A E FYSEE Hop At Y 2 AS FHT
T STk o1 PGA 7Nbe] A A2 Al gl o
& feAE Fs] AF e A2 s g5
4 & Utk 39 6ol BEE PGA = A9 =] Al
e Jeplole, w4 A, A o4k $4 123 4]

Stripmap B & SAR HloElol| M= k7o F Ao tf gk
W S1A7F A& T2 7] well M SAR G/l A

Ak 2o 9AF @A} F7 X (observation) S ZLF &
Hale Zlo] Fosith gwkdo g x40 g7t A
2 94 93} Ao frelahn, WPCASIME AA] 94
o thate] 71Fghthreshold) B} ¥ ZE HAS g2
Edte] #2243 483

& EroAE A0 A7 Fol7] HeiA B9t
Z7HA) Y SAR Gl tistd 22 55 SR ¥
e T3, 747te] BE tiste] shube] 4E& A
W32 LAYt B2 A7|E 72RO Z [0 mx
10 mE AR om, He) A7 TEske] dojR A
Y 4 9o, dAA A5 AN Fsd 2
Adish= Aol frefstt

A 7H7he] B8 tgk 4 A peak wol E&

A
)
(=
g
bs

=8
=

> o
_O‘L
e
v}
o
s
=
a
2
(]
HiF

trastE HEZ A

2t £ < stripmap-to-spotlight H $h
= A&3te] PGAE 44T + U= gt Stripmap-to-
spotlight M2 A= F+E 4 -&(windowing)dte] T
£ FA4d o 94 e Haskety, 9 4E(decom-
pression)¥} deramping 44 X3

e 45 BEd AR EHE 3 45 S w9

()3 Ze.

712

AT R,
hdcamp(fn) = €Xp _] A (D(fn)_ 1) 5
\/ 242
D(f,) = 4/1—

) 4V? 1)
ANA £, WANF Fo5E ehiel, R E4 )
227 Ad, AE FUFAE B B, v FIF
olFo] et fra =5 yeith

Deramping 3= 4] (2)o] UERAI o™, AIZF oo
SR ELE

hdru,mp (77) = exp [+]7TK{1772] 5

—T,/2<n<T,/2 )

71X K= WewEre Fobe WS (azimuth FM
rate)s YER L, no WA A T2 e
Aol 24 =& A7 YER
WHOE 747k AgolA S
© Aol wet 54 kF Al
itk A2 08 3 A

fFae 249 492 PGA

-

R A A (i

i
n
ol
o%

, o
N
o
iy
o
>

>

‘o -
E 4
v
it
A
ol
|
o
o

i

¥

N

0
o,

[
of
ol
&
2
ofo i
o
o 3
rot Hu
o8
fit
A=
)
A

25 44
< SCR(Signal-to- Clu-

g
OO
)
i

tter Ratio)& ©]&3tH, 712l 458 Az 4719 94
AL 7] A A 02 RE AFE = It o] 9} o]

SCRE ol &3 4 e PGA 38 #4& HAET ¢

Shol AAl AY Ate @FAE & vk

_‘

322 Y4 QX FH

o

ofo

2 f

20 %

o (o

W' o,
b e oX
'c >
o 2 12 o
o Mo > o

N ofN

o Br
o
e
ol oft

R=)
i)
8
=1
g
k1
= N
QL

4o =
ox!
i
Ho
ox
to
o>
ko
)
1o Ho

]_

o
oX,
i
ol
=2
>
2
1o
>,
Ny
Oy
Jhu
1=
=
oo
o
{u
il
+ 4
oX >
ﬂ
2
o



30 cmy AT HolH F5& A &% SAR Al2F Y B ASA

RGC Data
with Residual Phase Error

data_rgc

‘ Azimuth FFT ‘

i

‘ RCMC ‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘

data_pga
Azimuth FFT H

data_fft J'

.

‘ Azimuth Compression ‘

|

Azimuth IFFT ‘ ‘ Azimuth IFFT ‘

data_ifft data_azc lﬂi

‘ Target Selection

Peak Detection ‘
v
Circular Shift ‘

v

Azimuth Wlndowmg

* Block Separation
» Peak/Contrast CAL.

‘ Stripmap-to-Spotlight ‘
Conversion

¥

Calculation
of the Phase Gradient

* Windowing
* Decompression
* Deramping / SCR

NO SCR >

Threshold ?

Target rejected

Phase Correctlon
& Error Update

Phase Integratlon ‘

RMS Error & Contrast
Calculation

belt)

* Phase observation
- rms_el’ror/coﬂtrast

‘ Azimuth IFFT

Valid Check ?

Error <
Threshold

YES
Target rejected <SUCCESS>

YES | Terget accepted

Valid
Check ?

YES
data_pga_comp

Phase Curvature Calculation

* lteration count
NO| . contrast increment

<FAILURE>

$p"(t) / SCR [ YES l # Re-Focusing
‘ WLS - Kernel ‘ ‘ Azimuth FFT ‘
$s"(t)

‘ Double Integration
& Phase Error Update

Azimuth Compression

x

ot} i l
‘ Removal of the Global ‘ ‘ Azimuth IFET ‘
Components i
&y (t) l * Constant o mm m mm m mmim m m  m  mm m m mm fm m mmmm  mm mnmm m mm mm mm
+ & Linear Terms

NO

data_azc_comp

RMS Error
< Threshold

Phase Compensation
data_ifft & RMS Error Calculation

data_ifft_comp YES

END of Processing

Phase Compensated
AZC Data

J8 6. 2438 PGA =@ Y9 Az 34
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Table 2. Point target response analysis.

Parameter Azimuth profile Range profile
IRW [m] 0.13 0.35
PSLR [dB] —10.0 —22.0
ISLR [dB] —11.8 —184
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Fig. 15. Polarimetric decomposition images.
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