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ABSTRACT

The size of raw data has dramatically increased due to the recent trend of Synthetic Aperture Radar(SAR)
development plans for high resolution and high definition image acquisition. The large raw data has an impact on
satellite operability due to the limitations of storage and transmission capacity. To improve the SAR operability,
the SAR raw data shall be compressed before transmission to the ground station. The Block Adaptive Quantization
(BAQ) algorithm is one of the data compression algorithm and has been used for a long time in the spaceborne
SAR system. In this paper, an optimization method of BAQ threshold table is introduced using real SAR raw data
to prevent the degradation of signal quality caused by data compression. In this manner, a new variation estimation
strategy and a new threshold method for block type decision are introduced.

Key Words : BAQ(Block Adaptive Quantization), SAR(Synthetic Aperture Radar), Data Reduction(Z|©]E] $}+=), Threshold
Table Optimization((Z-8 ak 2 4 3})

1. M B t}. oju} xAd=ate] wale 9o A= T A

PN ThsstE R A= il A T contact-

9179 Al d/delo]th(Synthetic Aperture Radar; SAR) time) A AL Eah dlo|HE o] HAEgo

oA HG3 A dolE(Raw data)= ES T dlo] T Agte] Joma A 9o AReA F H

@I (Datalink)E ©o]-&ato] FHORE XAt=e] HAEH A& 7Fss @it Algke ek weba 2ol

o] 8L E Fol7] flEiMe dAtelHE B840

* Corresponding author, E-mail: ksy0730@add.re.kr 2 AEsle e 29 E AFSH ATs 55
Copyright (©) The Korea Institute of Military Science and Technology sfjoF 3ttt

S TALSE 7|4 8k8] 2] 4207 A235(20179 4Y) /187



Al - ol
Aze] @aeloltt AgAe] el wel way
(High-Resolution) 2 373} (High-Defition) 4 £

g 5 A NEEE A0l o] E 98] Ko} Y

Wl = 2(Band-width) & AH&-¢c}. B3, Sentinel-1 9
de] A5 71E9] SUIERTE & 108 E9] HolHE
st A Ese dAldlolH e 717 Ui% &
ErE

LA HolEE AAZEe R QFFH3ly
(Quantization)& ©]-83+ YA
(Block Adaptive Quantization) 7]%
gb-a A5 BAQZIHLS Hlo] 2
EFo0R st 5 FAAA 54

¥

rlo

WAzt e Pl

3} st 7S Atstal @k olE fl3 B
T ME olgste] &9 #ES AAs W
&, FEE SRS 2k IS Adt 56
=4 W= AHE GEoltt dAHoE M E B
t} 7 31(Robust)g 4 3 At At

#&l SAR  GAdelA  UAE A9 NESZ(Noise
Equivalent Sigma Zero) ¥3F2 Z33IcH, ok}t
Z1%-9] SNR(Signal to Noise Ratio)S H|ulsle] =}3}
T A3k SNRS NESzol| nbgsm=zl SNRA 8
Folt 7ol o $raktin B & gk

T Eee oy o] pAE 28 E Ve

BAQZIE 271813, 33l BElg 4452 9
s Alekshs BAF AP FERE ARPES AN
e agel e AT B AH8 olF9 BAQ
g ANBT. HATe R sPolNE B =R 7]
o} T QAL AT

2. 71Z BAQ 7Y

WASHE A&Fol At et Be B9l 8 Bl
Aol Sz masle] HolE

=
<ol Wolrt. mEhA Akt

188 / At 8174813 A] A207 A235.20179 49)

2
£
N
N
i
ai

2
o
2
2
IS
f
o
2

2,

aﬂzlt} A2 el A = P—g]%—%
= A FERE 7HHAL A2

< AR & ZollA= BEAQ BAQY]
2 A4 4 @doltt A"l AL
et} AA 2A-S Fig. 10] =283

o
oft

o B
_0|L
2 ox
Jo
oft

o i
tlo
2,
)

7

2 o

[o rlr

N o2

oo
i, o
o
ol
o

P

CHZ=E| O] = 0fl A
B
ME Uxtzt

Fig. 1. BAQ flow chart

(Analog to Digital)

dlolelz A o] WAtlelEE Ao A
e, ol 4AT dolo] EFo® o] 55 ¢
d2 FARE FAH Qidom BEo ol

delelt® 2% dAlvlolE s o] 3H B¢ Eat
o] 021 "3 (Zero-mean gaussian distribution)E
Aotk o] A5 &5 #Avtow FAA &

A4ste] B2 43S 4T 5 Ak GwAo

tlo

o

ofk

o ox B



Fddoltt YAJHolEE o]-8-3F BAQ(Block Adaptive Quantization) 3243}

128

SQ="Y {IRe(i

i=1

(&) + 15n (i)1} )

23 25 7d 2F

UM Agolgk sQetel Hlsd EEES st #9
2 et s FAstE ARESith ojuf ARg-st
%213} FEZS QST(Quantizer Selection Table)=
A o] 3k,

& Fig. 3914= Fig. 29] SQ#e #X & TAls)
of 59 #¥<5 AAste BES Btk 10709 Al
240] QSTE Ui, EE2 11719 fe=z

FIAE AS B 5 9

rlr 10

[e%
¢

2.4 ti=H|o|=(Lookup table)ollAl 2Egt MF

=59 frdol A4, ol st st LEu
o2 25 U MEES A oAl A% &
SHE s THE =
ARl 7F E
= A%
R iae

wEREY 2 Egke] H dA el wel wds)

~ o2 4

4y

1o Mo @

S ZAsol AN, AARE=
s ARtste] dizEHolE FH

FRol W BEgS A4Sl

N
ol

¢
ol

rr

=]
al, =

.

Al &3} Uniform quantization®}, T7-7Hd8 7FA 0] t}
£ Non-uniform quantization® 2 &gcH Uniform
quantization®] =E %}O E74] 2 Hdoix FFHAL

H&2 A4% = 7-$-7F %4l Non-uniform quantization
o AeE= 5]75415}(0pt1rmzat10n)—a‘ 3 F-shA Hrt

(where x = QT,,)
(otherwise)

@

{argmaz(m)lz < QT,,_, .. ,/}

SQ Histogram

8000
7000
6000 -

5000 -

4000 -

Count

3000 -

2000 -

1000 -

I
500 1000 1500 2000 2500 3000 3500 4000
SQ

Fig. 2. SQ histogram

N Z Awgth o
#Aste] 54 ‘ﬂdH(Dynamlc Range)ﬁ o]-&3k 4t
FA Wl ARz 328 E3a(Cumulative
Distribution Function)2] 9345 /‘}%i 5 73 42
A s A, E5 F3E EE APEHE
Arg gt}

3.1 SMHLR[E 8% 2o =1

J
24
A

> o2
Lo

2

e,

x)

1,

)
et
A
2

ob#fl Fig. 3% E59 HdS 022 SFE o]l
Z5-(x vH7) wiR] Eatgre] 3% WS w v
7) sQ¢] Msks HojEth ofje] o] ARl 9=
el FA7F ekaL sQel M7 WAl EEHA,
=2 Hato] oollA Blofd F9-= Al

n
o,
,
ke

St ALEl 7|4 8k8] A A20E A2E (20179 42) /189



o

SQS] W97k FobAl sQsk #AbAel ] w7
A AEoR shtel Bielehs old sQzkow

= 11—
MR 5 glo] #ab FAe] sl PRSI,

4000

m]
3500 - R
3000 - B
—
3
O 2500+ B
c
D
= 2000 1
g
w
1500 B
1000 S
0O 3% distortion
* zero-mean
500 ‘ ‘ :
0 50 100 150 200 250

Standard Deviation ()

Fig. 3. SQ and standard deviation in non zero—mean

condition

538 252 ddA oz 22 128719 545 AE
2 gAHER Aol g4 Wsd 4 i, e
ojmjA] g5 xxo wEME debd 5 Stk dE
o] 29k #2 ofF gclew Aoy} =
wo] Hqto] Wslsk= A9 Fig. 33 o] dAoigke
s o] & EAFAEL AlFe] dETh webd &
59| A e Ai(Robusyd A FAE o
R

& 4l 52 9] Dynamic
of BAE FASIA Bk FHUI
Wt Axgkel Aol Yo, B
W97t 242 #ato] 2 Aolet Y4B 4 vk Fig
4o BH WISE B Alole] FRBAL EATE

AEA
T GdEeld AAdHolHE Shgolng oF
L 3he] -(Imaginary part;

A (Real part; )9} &5
WAT A% TEE B F D G 2

W)z golste] obe) At o] TATT

(Dynamic Range) =
Moz { Moz (| Re (i)|) — Min (| Re (i)]), Moz (Lim (i)]) — Min |]m i}
(where i=1, ---,128)

©)

190 / #=FAEE 71483 2] A208 A232017 4Y)

A 0= zmqg,m Hrgtow Aoymz Adizk

120 -

g B

Dynamic Range
=1

ant

20

] 4 5 B 10 12 14 16 18
Standard Deviation (<)

(=]

Fig. 4. Dynamic range and standard deviation

20 ¥ o

3.2 QST 4% w
B2 BAUAE ol§

71 A8 Aol o)

AT E QST °l%
A7k A AL 2

FAR) AT Fal AL

Sg A gae B g B o8

QL
£
iz
lo,
o
ofk

[o
it
ol

WA Bmel Sl Ral A FAghMedian)S
e olF AREY FAREIFE nEEE A
del A5 olgate] BAWY RES ntUH
o ol Sk olstel el A [0, 05)) AL
e APS A BEsa, S ol
el (05, 119 FHRLRSY AP5E ALE
so] e}



EER

=

©]-8-3F BAQ(Block Adaptive Quantization) Z

=

=

| EflolE

gl

PN

goje} ¢

4

3

24!

L

o

—L

Gk 260

a4 @)
0.5 + imyo] =
= %

e

“n, 0 <z, < oo
=3

Z,:E.
rol

Eig
oA QST

70

Cumulative Distribution Function
where i=1, --

AlH =

Inverse of cumulative distribution function of

normal distribution

hya
ar

7| SO SO SUNRUUS SRR ¢ SRS S
1 N SN S S S SN

Y, = {yi = C’DF_l(ziﬂ C’DF(zi) = %Jr
AR2EZ A 2347

o] Y=

Fig. 6.

1000

900

800

700

Dynamic Range (10bit)

Dynamic Range Histogram

Fig. 5. Dynamic range histogram and QST

300
250 -
200+
100
50 -

HT B
o
= o)
SIS
il
231
fic el
7 %o
Mo 2
= 3
= B
o=
{ o
T
I
H W
T
A
i froins
o] o
T o)
w ®
o)) X
NI
A R
o B
)
T &
z.; 0
0| ﬂa
T r
7t o
)
= A
oW
By qr
el ﬂo
7o
p OF
= ol
W
o
W X
o w
w =
e NS

B o8 mr

il

= [0, 1]

o yehdt} o= 32

]

=

Eiy_'

=

b g

S

X

,mﬂ
e

i
AF
!
B

N g
Tl A o
TR R

o

T
hyA

313t} Figure2

5

ER a2, ) e
o] 45 veRIL
2 U A &3, (05,

=

o

=

el

*

=
fL

QST

L

.

[e]

o] JNE Fig. 7~99 =A|
AlE WA

-~
It

Fol QSTEEE Al 74 WAoo} 2

0

el
Fig. 7914+ &

71 9
1173kl A -

X=

=

=

3

[e)

=]

e o

&5

-
R

[260, 1023]°14] QST

o=

1

il

}E]—o
]

o]

Fig. 62 &< x@kat 2o o

=) 2~ I~
Qs 5

1
.

el

S}
A=

L= S e

1

)
B
eE

yal

Asjo]t},

o)

olo

Gl

o
=

gk oy gk

O

A-

~

o
Bl
2

813] 7] #1207 A252017d 4€)/ 191

I

Il
Bl

R

}

©
el



o

, 2 QST SHE QSTZ AHA
: %étﬂﬁ #tol A-d+= QST 1t
= 4 [AR=N 260@

A7 By E e
FolA B= 57 Aozt ek

Fig. 82 Z4%k tlal 5499)e] HNg 3705 7]
o7 oz otk [0, 370914 [0, 0.5]73F
o FAREIFY AFgFE HEska, [370, 1023]°]
M= (05, 173 AR s A8st
o] QSTE Tdrh 100 <AolA &5 7k Ao
7V ¥, A gAsE EES B 4 v

Dynamic Range Histogram (previous)
4000 T T T T T T T T

3500+

3000+

2500+

E 2000 + B
g
1500 F B
1000 .
500 .
0 0200 300 400 e T e T700 Boo oo
DN (10bit)
Fig. 7. One sided QST estimation
Dynamic Range Histogram (previous)
7000 : : ‘ . : : :
6000
5000
S 4000}
]
Y 3000}
2000}
1000}
0 100 200 300 400 500 BOO 700
DN (10bit)
Fig. 8. Two sided QST estimation
192 / 3=t Abeel 7] 88| #] Al207 A123(2017'A 4€)

Dynamic Range Histogram (proposed)

3500

3000

2500

2000

Count

1500

1000 -

500 -

4l 41

700 800

4l
e

400 500t 600
DN (10bit)

0 100 200 300 900

Fig. 9. Proposed QST estimation
Fig. 9°lA& #letst %‘%’-ﬂﬂ%i 58k

ol ek QSTAE F
* 73454 H]jﬂ o

J&‘l
o
ol
%

%X}ﬁkﬂ]/\t =9 vEd ugt Fagk FEe] A
F7F AARH. SR EZL Lolghd, 21719 EER#

3 B ERAE 10 E 919 date) 5

dFsrdt wEbA] 5] fPHEE 3170
%Ei%kf TS Fig. 5914 32709 FrEos
wallons FEgS B txH ol 52 31x3271¢]
=22 AFEA Dk 10:5 BAQS Fdsly] 93k o)
ZHO]ES Fig. 100 =ASI8ITE E52 -3 ujef
TEHF HRE g RRE EAH o AXE BE
< HolA Hrh



Fddoltt YAJHolEE o]-8-3F BAQ(Block Adaptive Quantization) 3243}

10:5 BAQ thresholds LUT

DN (10bit integer)

)
=]
=]

1
S
3

-400

-500

TEgS AL o Slgned integer®] HERS YJHo
2 39 Lloyd-max&12]5S AFHSSHE 4% 0°] E
E] -

who= FoEH] o= %“’7} Wk Z12]at ool sl
oz YA gerh ole el Hitel 09l
AEEE w2A] 7] WiEem o) dA el A A
A dlolE giEel Bigk -84 <l

W, 02 gt oo gl o

gt ol HEH A&l Aigte Aokl Lloyd-maxe
aEEe] dHeR Yol 3
_5_H 0/\‘/] DE-]%)\_O /pg .
= TE-E UER= BIE glo] ddigtnts A4S

B G A= 3ol A AAGE BAQ wE %k HA s} 7]
2 el AAOlE S o) gate] FalalaL, of
485 AdAE Aistaxt gk AREg 4 ol
lolElE AT 9-FAaAT9ezRY st &
1EFe ATHHORE AFRol ARSIt AAY
©]E1¢] DN(Digital Number) %S o]-8&-3to] =ts) 9l
Hsto] dAstE: 483 $o| FHAIE Felsta
A 3.

10:5 BAQE #F-&&t1x AA 984 JAatdoltt
o] gHIE YAjdlolE ol Wi (Interpolation)S 283}
o] 105 A2 Wlste] 100 E AAdlolElE A%t

< Lo
o
> 0
o,

SgiTk. of7lel W =iol A Aloke A3 WES 5
S QST % A3t FEGe] thzelol B Ac,
o|F BAQE F@ste] FEGE AHsk AF BAQ o

gk J3s Avnglth BAQTE ¥ <hEE dle]
Slste] 100 E Al dlolH = Wlsto] QakE H]
Sk

BAQ¥$-¢] s AstE &<lsty] 918 otk
o] #F4E& ERlsl= A®<QA NESZNoise Equivalent
Sigma Zer0)94— ATE = SNRA O]'(Slgnal to-Noise Ratio
Degradation) S AFs 1 Q414

rﬂx] o]}\l-x-lo /\]i X(t)oﬂ LHOH O}ZX]—Q_——— -1 —@
A3y x@o] YH=ol= AE )} IR =
o] qy7} Hal RAoem TS & gk ojw) YA}
soll ofa] Aze] o] Wslsin® o]F WElo]s5

(conversion gain)o. = Foldla AR YERfo] v
2o 42 9 4 Uk

i)

Bl T

y(t) = Ax(t) + An(t) +q(t) 5)
dErs e it *1]7] = 00l A7)dHHauto
correlation) S ©]-&3te] R (0) = Elle(t)P}3} 2ol &

ag & gk olu, %}Hlfﬂl og el =gt gt
sl ©|3k wol=sk By Hole, FA3t o U
A7 vkt gk

R

(0) = A%Elx (t)P) + A*Eln(t)P + Elg(¢)P (6)

weh, s fd=E€y E2HEA59] WA dHcross
correlation) 2 w=o]|2E HHKo|EE A AEIL -o]=
7F §li= ol dERl Alse] MV|E sdHh

C,,(0) = AE{Jx ()P} O

T

c.(0) c,, (0)
2 " =
2 (7ol ()P} R, 0)
2 Az

SNRO| Aeje] met ¢ 2] SNRS A5} ]
o] Lo|x o]e :M
AlHje] o)= Afole] M= SNR,, Hin Bl

vk e Wow gas) Fo

SNRE =o]27b gl o] d#el Alsel Ay o]

zsh A} wmolze] FF Aole] mlgm ot &

At

HElo]5 AE A=

St Abal 7|28k E] A A20E A2E (2017 4Y) /193



SNR = G, ®)
" R, 0)R,,(0)—C,(0)
B A2E{|lz ()R} _ SNE, ,
A2 E(In@)PH ElgP) Ellqt)P}

A2E{n(t)P}

webd sk AT SNRAFE el 48§
s e 5 gk

SNRdegradation = SNHZ n_ SNBbaq (9)
_SNR SNB7I7
" - Elq(1)P}
AQE‘Un(t)F}

F1 A SNRyg= 78 SNRp HLUF 20112 SNR
Ashe 4 F7h vk

71E S1eIA AHEE BAQuEghE H A sE 419
TEHHO R S9laL, el AGHE H A3 o R
H53 BAQwEg wlarslolth. BAQHE&
SNRAFE Altkste] ofel Fig. 110] AT 4
sk o] A3t 8:4 BAQl what wElgkellel Fig. 10
o AIAE 10:5 BAQ®] gkt mlaLal] s - 7
- B 104% WSl H A3 o] wEe 4v)
kel 10V E Aol diesiAl shola, H 438} =
Heke sy Ay #of ARl

Fig. 11014 343} 2] BAQel €18k SNRASh= 9]
& xIAR TAISILAL, AIRK WS AR H A3t
Fol Az ofel onAR FASISIHL AR BAQYI
ol 7]=e] WiEY SNRA S} o} NESZS ']
A AEFEAL] Asprh Aoy dHlolg el ofgh o=
of Zrashalth 3k, 942 A5 SNR| S7FETE
BAQell I3k SNRASI7E S7hehE 2R1e 4 Sirk

flel HAshd tizeelEe] e dAdelE ] A
gl sl FAASE A2A #AQshr] stk
of fAdlolElE BARste] BAQUF-2] SNRASHE o
MR

WA Fto] 09 ATEEE MEE 45 AF
e4vNE Adste] 10 E A= skt A
o ARl A&l Y6 wol=E 5~19dB Wil
AH oz F7kste] AA dAdelel S AT, o]
mle] i imolz=i= 118714 Akl eell el “Hdssl
oh. Babel gAdolEel Fdgh QST wE S AHE-
kel BAQ#E- 4/F-2] SNRASHE SAakglth A&
ojz=e] Aol utel & 11871¢] Aol tisl AlEwlol

o

194 / 3-=rAtabely) el 2] A20d A2E(20174 49)

AR - dHE
AL ANFG T, 6499 10U E BAG MZTS
‘date] FasHA E‘r.

A8

=49 BAQe] <9 SNRABHE Fig. 120] A5
Fig. 119 Azle} 5UaA 43l BAQEEH IS
AREEE 73 BAQel 9@ | ]EH EAAGI} 49

SNR degradation [dB]

SNR degradation [dB]

. mEbA AN EEEE HA4sE o]l AAl BAQA
Pl B4 Fohe A @}z@ F g
oj¢lell iz 4=SNRe] F7Hgtell whe} SNRAGH=E 5
sk B 9A FAEATE SNRA S FES Fig.
s} ulwd W) Fg. 129 Avhe of 20 2 A
e 5= QAT o= FHA S| ARERE WAltlelH

SNR degradatlon

3.5

— Before Optlmlzat|on

3|.| —S— After Optimization
2.5¢

2L
1.5

1L
0.5-

O L L L L L

13 14 15 16 17 18 19

Input SNR [dB]
Fig. 11. SNR degradation(10:4 BAQ)
SNR degradation via Input SNR
7 ; :
—+— Before Optimization
gLl —©— After Optimization i

5 10 15
Input SNR [dB]

Fig. 12. SNR degradation simulation(10:4 BAQ)

20



Fddoltt YAJHolEE o]-8-3F BAQ(Block Adaptive Quantization) 3243}

o] EAjo] EE|ghol] wradumo], o)Akbzel AR
AT E 2358 ox7t Eojd Aoew Az
weld A, A7), 1% S YA EolE 5 EAo
we} FEzk F4352 Fdste] gixE o8-S AFE
T gddleltt 9o w gxEoleS HJUlolE 3§
o] Ag3chd, dAjdlolE UFol o3k YAkt o}
g A28 ¥ 5 9 Aoz wld

o
t
_|CL

loyd-Max & 318]5S 53
tzHel &z A%st J
stz ek,

1%t HHske 3§ AA Qe 94
AlEdloldd dAEelE oA BAQE 3
2 Foll FAkstel o3 SNRASHE &

S e o ofo ok

2 AME oo [

9
Ho
O>“
ot
>
of
o
=
o
vl
B

3

fin) Y
AU
)

Ol
=

JZi

=,
S FL
gz ﬁ ;T; [N
tilo ™
g o o
o mﬁ ol
0 1% ol
L gy 32
ro, T
% o,
% il
lo, oft
%
By 411
ol [
e T
=
o
25
i =
Lot
2 3L

]
—

P

e ol 2 a% of 2

FTED
S
Ege
™
_‘:&
2
B oyo
o=
ey
o
o
oo
ol
2]
N
I
X

oo (R > oo oy p® X oo ox [0 %2
to r
(e}
o

N i
Mo

4
4
2

X g
o
i
i)
i
30,
9
)

oA #|eksk BAQ7IH-2 4k L wRg

=
)
)
N

l fo =

e 41 Ho

oo g
oEorr BT

tlo

ox

o

ok
é (

o)

M

v

[t

ol

=

=

o

K

o

X0,

kKl
A
ol
e
o2
o
Ho
o
>,
T
Ach
to @
il
(T

ox T g% O Y ok o
=5
Y
s
Mo fo
N
N
N olf
_0|L
i) I
o, ot
oft o
b, HE o2
) o,
=
Am o
L o,
SEEE
Y é% :‘\‘:
H & i o2 N
2 ok f;
of i iz

o ¥

(B 2 of K1
i
ol
ey
s
oo
]

o
%0,
o
i)
i)
N

U

fl oo
>,
- H
4 o, it
% L o

o,

References

[1] G. Dirk et al,, “Sentinel 1 System,” EUSAR 2014,
10" European Conference on Synthetic Aperture
Radar; Proceeding of, pp. 1-3, June, 2014.

[2] J. Jurgen, G. Steffen, S. Thomas and K. Alexander,
“From TerraSAR-X Towards Terrasar Next Generation,”
EUSAR 2014, 10" European Conference on Synthetic
Aperture Radar; Proceeding of, pp. 1337-1340, June,
2014.

[3] R. Kwok and W. Johnson, “Block Adaptive
Quantization of Magellan SAR Data,” IEEE
Transactions on Geoscience and Remote Sensing,
Vol. 27, No. 4, pp. 375-383, 1989.

[4] M. Younis, J. Boer, C. Ortega, D. Schulze, S. Huber
and J. Mittermayer, “Determining the Optimum
Compromise between SAR Data Compression and
Radiometric Performance-An Approch based on the
Analysis of TerraSAR-X Data,” IGARSS 2008, IEEE
International Geoscience Remote Sensing Symposium,
pp. 1I-107-1MI-110, July, 2008.

[5] D. Lancashire, B. Barnes and S. Udall, U.S. Patent
No. 6,255,987. Washington, DC: U.S. Patent and
Trademark Office, 2001.

[6] Monet. P, and Dubois. E, “Block Adaptive
Quantization of Images,” IEEE Transactions on
Communications, 41(2), 303-306, 1993.

[7] E. Attema, C. Cafforio, M. Gottwald, P. Guccione, A.
Monti Guarnieri, F. Rocca, and P. Snoeij, “Flexible
Dynamic Block Adaptive Quantization for Sentinel-1
SAR Missions,” IEEE Geoscience and Remote Sensing
Letters, Vol. 7, No. 4, pp. 766-770, Oct, 2010.

S EALE )& 58] %] Al20E A2E (2017 49) /195



(8]

(9]

[10]

[12]

M. Martone, B. Brautigam, and G. Krieger,
“Azimuth-Switched Quantization for SAR Systems
and Performance Analysis on TanDEM-X Data,”
IEEE Geoscience and Remote Sensing Letters, Vol.
11, No. 1, pp. 181-185, Jan, 2014.

S. Lim, S. Shim, S. Kim and C. Nam, “Study on
the Application of the Block Adaptive Quantization
on High Bit Raw Data of the Synthetic Aperture
Radar,” KIMST Annual Conference Proceedings,
Vol. 2015, No. 2, pp. 911-912, 2015.

A. Gersho, IEEE
Transactions on Circuits and Systems, Vol. CAS-25,
No. 7, pp. 427-436, 1978.

M. Martone, B. Brautigam and G. Kirieger,
“Quantization Effects in TanDEM-X Data,” IEEE
Transactions on Geoscience and Remote Sensing,
Vol. 53, No. 2, pp. 583-597, 2015.

Theo Algra, “Compression of Raw SAR Data Using
Entropy-Constrained Quantization,” IGARSS 2000,

“Principles of Quantization,”

196 / Sr=rAt el 7]&8k 3] X)) 208 A28 (2017 4€Y)

[13]

[14]

[15]

[16]

IEEE International Geoscience Remote Sensing
Symposium, Vol. 6, pp. 2660-2662, July, 2002.

S. Lloyd, “Least Squares Quantization in PCM,”
IEEE Transactions on Information Theory, Vol IT-
28, No. 2, pp. 129-137, 1982.

J. Mittermayer, M. Younis, R. Metzig, S. Wollstadt,
J. M. Martinez, and A. Meta, “TerraSAR-X System
Performance
IEEE Transactions on Geoscience and Remote
Sensing, Vol. 48, No. 2, pp. 660-676, Feb, 2002.
P. Rizzoli, B. Brautigam, S. Wollstadt, and J.
Mittermayer, ‘“Radar Backscatter Mapping Using
TerraSAR-X,” 1EEE Transactions on Geoscience
and Remote Sensing, Vol. 49, No. 10, pp. 3538-
3547, Oct, 2011.

P. Rizzoli, and B. Brautigam, “Radar Backscatter
Modeling Based on Global TanDEM-X Mission
Data,” IEEE Transactions on Geoscience and Remote
Sensing, Vol. 52, No. 9, pp. 5974-5988, Sep, 2014.

Characterization and Verification,”



