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ABSTRACT

The space-borne SAR(Synthetic Aperture Radar) system radiates the microwave signal and
receives the backscattered signal. The received signal is converted to digital at the Digital
Receiver, which is implemented at the end of the SAR sensor receiving chain. The converted
signal is formated after signal processing such as filtering and data compression. Two
quantization are conducted in the Digital Receiver. One quantization is an analog to digital
conversion at ADC(Analog-Digital Converter). Another quantization is the BAQ(Block Adaptive
Quantization) for data compression. The quantization process is a conversion from a continuous
or higher bit precision to a discrete or lower bit precision. As a result, a quantization noise is
inevitably occurred. In this paper, the impact of two quantization processes are analyzed in a
view of SNR degradation.
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Block Diagram for Digital Receiver
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Fig. 2. Quantization effect for ADC



ox
™
oft

N,
X
of?
rot
Hi
oot
oK
—Ho
M

gt
1o
>

936 QA - ]E -
W Hoigke w2tk AE =717 ADC FH&HY S
dojAe Agdde 283 At ddse A5 2

717} F48 45 E9 SNRO| w2 A 7Ag)

Figure 2014 AEA Fddolttels 3= =
SNR H9I¢l [10 - 20] dBolA = dHAZ o =]
ADC Hd 3 &HS 7|22 [-15 - +3] dB ©]
o] $1x3t=% RFES] 4l o524 7|e& &3t
A ADCOA A st= FAst eabs FAS 3
S Ao =Z Ay7ZHHE T}

2.2.2 BAQ X3t ey

= o rl

|

b4

ADCE &3 A" As= F8o me BAQE
gkl bl Ao Aol mE FAE A
< Fg2ls 1A BAQ 104 [4]E H &3l 4= AF

9] SNR< Fig. 39 =AsH4 T
Figure 3914 948 SNR2 ADC ¥Ats} @xp7F 3

SEA] @22 NS 9FEta, BAQ ¥ SNR2
ADC ¥ BAQ® 93 IAsE 2F A T
SNR< YERT o]uf &8 SNRY ¥AE} ol=2&=
ADC 94E8AIHF BAQ EHAIH Alele] zfolz2 A
ot o 23 Zo] ALbskth
_ E{S+ N}
SNRBAQ? E{ QADC+ QBAQ}
Qupc= ADCOl 9%t A3l AE 9w|sha,
Qpagc BAQOI o3 A8t eaE ofm| g,

dE xolz7t gle o) -A A E(SNRinpu:e0) ol
A BAQ Z=¥olA 9 SNRS 20 dBol3tZ A4tz of
Fig. 20141e] Axe}l vlwstH A Zasicth 5,
U3 Z=HoA ADCHRUT BAQS FadFAo] ¢ =
A YERGI QT

48 4152 SNRe] 10 dB<} 0 dBS! = &
g 2l5olAe] SNR A3t} A o} vhgk Bfx=
FEA YTagp7b -10 ~ 0 dB oA BAQ UH
SNR#} HIS=%E 25 FAA

SNR after ADC-BAQ quantization (Ideal-BAQ _ )

25 T T T T “

] —SNRmpm: 0
1 —SNRmpm: 30dB
SNRmpm: 20dB
—SNR, 1008
——SNR, ;0B

20

_‘w

SNRBAQout [dB]
R Ee e
//

L L L
-50 -40 -30 -20 -10 0 10 20 30

Velip (Signal level/ADC input FS) [dB]

Fig. 3. Quantization effect for BAQ

Y215 HEZL 4HER AL 24 JMed
SNRES &Rlsty] 98l E5H=E FE S Aibst,
o]2 o] gate] dxslstE WS AAEAT Fig.
49] gk A EEHE Lloyd-max €18 FS AHE
st HAaAFHOoR A3t At Eote HAF
o] BEIE 9], I TH#HS L& FAs
& st PHor A A5 29 SNR&
UERATE Fig. 3ollA4e] AxE W3t dog F71s
of HlwEuTh E2dEE BES AN 2 g3

3 Al SNRo] 7/AEA O 21 dB FFEOE o] 23
)l SNRETH w3t} ol AHE3E BAQO| &H kol
AFEE7F ofYa, ADC 8= o3 AHEE

g w2A 2a7) wolth
}d;ql _?,]/\4%1-;]] A ot 4
AP FEEe TS A2 -HE 3
vl Aol mel A
(Lookup table) FEN= A|7Fste] Ak
10:4 BAQ #-& A
o2 7.
Figure 404 o]/d2l Az dis) FAstE 3

o Al Lloyd-max &

AFES AR O
TH#S SHEolE
&3t wEkA
%9 SNRY 3HAl= 21 dB &

g o]F Tgpel -24 dB A AT Y)olA SNRe]
w23 %}xl% e AT 4 gtk ol& BAQ
FEZe 2o ©E dGoR g "HIH % 1

uje] BAQ %%ﬁd‘al BXE Fig. 59 YeEAATH
Fig. 5 olel%e] 23X (ADC FS) + Tgp dBolA
99% (2.58 o) Ml A= AZ] HALH10H]
E )& A&t YeEhi Ut

Figure 5 91%-2 7 W3 sfidst= BAQ =9
Aze] SNRE YEHHIH. ojuf "2 e 8&o
2 Z45E Asgde] FrkstE®E ofyE 199
ADC 841359 B2 HA yolAe 29 og
"ok F, W 9F9 Ty0l -16.7 dBS AHAA =

HAlao] SNRoIA ADC E¥AlEe= [-14 ~ +14]
Akolo] YA Y ZH(DN)# o8¢ th

SNR after BAQ quantization

25

A

| \

=

/
// \
/

N\

—— Lloyd-max algorithm |
—SNR

.00
input
°

1 1 I i
-50 -40 -30 -20 -10 0 10 20 30

Yelip (Signal level/ADC input FS) [dB]

Fig. 4. SNR degradation due to the BAQ



Ho49 # H 11 3, 2021. 1. 484 9

Aol 042 SA7A 9 B3 GG EA 937

SNR after BAQ quantization

: o
- A/
< /N

SNRBAQout [dB]

-35 -30 -25 -20 -15

Yelip (Signal level/ADC input FS) [dB]

Histogram of ADC output

12000

/\ —— ) 27,548
10000 cip .
gy’ 2408
Yop: ~186B
8000

6000 /V\\
4000

-60 -40 20 0 20 40 60
ADC output [DN]

Count

Fig. 5. (Up) Inflection Point in SNR degradation
for BAQ output (Down) Sample distribution
for BAQ input(ADC output) at each
inflection point

olml BAQ EEZ = A Hxm sl T
MNE9 Hul/x5A32 3 HASE A HA
ADC Z"gdy d%sich & W 9%
SNR(SNRpagew)®] 16.6 dBY ], ADC =24l
[-14 ~ +14] B =36, ©ol= BAQ &
o A WA AME HY [-14 ~ +14]8 IXIG. w}
gA Alsgio] IA WMAEA o} SNR A3}
Zitt, olet FYSHA W 2L EZX 18 dB SNRpagout Al
He 7 HA EE@ ME [-35 ~ +35]9F A5t
SNR Asl7} &t gy o] F3te|A = ADC &4
Az ol gwo] BAQ THA AHES T =27 Wi
W2kt e A7t EouA Eok. &3 SNRe| 135 dB
Ql A Hol A= [-20 ~ +20] B4 ADC &84l
37} Bx3ha, % FArst ZE R " Akoldl 91X
3 Q) ZF o FEHIES AMEISHEE S
3} A7} 7%1 ¥ SNRo] Yolxt}
2.2.3 ADC&BAQ &%zl A &AM

A Fig. 304 &<ldt BAQ &Y<
ADCS 93} BAQOl 9 FFE FEIIA o
gro]=z7} 30 dBQl A% dis) Z+

2 orr M fo o

SNR after Quantization (ADC+BAQ)

60

———ADC noise
50 | [——BAQ noise
ADC+BAQ noise

40 d
. \

20 |

A~
10} /
ot

10 . . . .
-50 -40 -30 -20 -10 0 10 20 30

Telip (Signal level/ADC input FS) [dB]

out [dB]

SNR

Fig. 6. SQNR contribution between ADC and BAQ

9] SNR< Fig. 69 =A5A ).
ADC noise= ADC /&% 4159 zolg &=
3l wolzg st YHNTE 7|FSE SNRS
Tt Th ol ADCell o3 FAtsteE Y ol=Tt
R ol FAQd Aok HszstA A HU
BAQ noise= BAQ /&Y A5 9] zto]E 7[R
ofgf o] 2& AME-3te] SNRS A4HsHATH

E{S+N+ Q,pc}
E{Qpaq)

)l A Tapel F7HETE SNRO| F
BAY. o= BAQ ¥¥ 4l&7} ADC
of &gk Fe|Fo] vdE AFElola, ABAI7E AR
T5 BAQ TE#HY HUE wiA=Ho HA/HW
o2 w7 wZolth A A5 277 AA™
A Be AE o] Ad@eE wiAEHWEA BAQ
/% = AugoE FdsA wMA=HA =Ho
AFRH o w FA3t A7t FolEA dAHh dE &

ADC 48 Al AZFE ko] [-1000 ~ +1000] ®H <ol
B2 49 ADCOl &3 F]go] +1000 A4 A

SNRBAQrLoise =

5

/Y’cli O] OO]:

Hebe =g

m{o

sokd, A HAUgel MEET ADC 802 4
e zZt=th o] MEZELS BAQ EHZHY Huigkol

100022 738§ o, BAQ °o|Fo% Huhzk 10002
= v gt wkde] ADC 499 ®M97F [-2000 ~
+2000]2+H 28 F 5o BAQ ©]Fol% 100002 wul
A= AFEY 7 8 5o Aotk wEtA A
29 W7 0 "WolAE= A¢ BAQ /%9 ¥Ast
A7t EFAAEA HH AAHOSE SNRo| F7hete
E&ES HolA "ok

EW o2 ADC ¥ BAQ ¥A3t & F9 SNR
<= obgf w=@Mow WAL, Fig. 37 2o
BAQ Z89] SNRoIA 948 xolzrt gle A%
(NRupoi2)2] A4k S ol Toyol 2]
7% BAQ ©|%°] SNR A#e}t FYIL, Tep©l
T+ A5 ADC YA Este] Ayel Fdsint. o

F[F o2



938

QA - ol @

Yaip©l 0 dB ©] o}° Gl = BAQo 2% FAkst
227} AujHolng HF &3 SNRo| BAQ =9
SNR# H] 523k g HRATh Tgip©l 5 dB o] ol A
= ADC Z¥ 3 gFo] AujA oo} Al SNRoJ
ADC &3 SNR& . [0 ~ 5] dB F3tolAE=

!
oO Il
ﬂ_,_Qo.fl

ADC 233 BA Zkslke] FaFol A 2HE-st
o F A3} Afolo A Ho lé}% EE5S HAE,

o] A7tE YYo=yt Wt gE A Hlxst
A FASHD, olE T3l 72+ FAS AN A LA
= 4R3I ex19 EAE AY M= fAEHE
AE AT 4 AU

3 fld g4 718 BAQ S Y4 =4
H

B Zo s tAE FA7 oA s FAkst
27t AA Gl oH dFgFE FEAE

A3l otelg 55 AAEOHE AHES A
o ot F53 dAdlelHolA ADCol o]
S WA= EBEVFsS, A Al=EA
ADCOl 9%t Z8]38 BV YEUA BEF ASA
715 ZAstEE BAQO dFHS AT

N

AA A HolEl A Y-S Fig. 7 T3l &
A3t Th Fig. 72 AFHA &2 otgld 55 WAl
glolElo] BAQE Z &3 %9 SNR A3l =S Z+

AZERE A 23S YeERAY5).
d4EE NESZ#kela, Yipzbe] wE

of WrgElo] g FAIA SNRe| 2 A& P
S o9tk 7t A gE Aol A AT SNRE

Moz =ANHAL, AFYS FAdnA oF FiF
& He How mASGTh A G4oIA Y NESZ
= Be 48 0B Aow ARy Ardow o
o] ZAeIA BAQe] ¢I¥ SNR A7t AXE A
& AT 5 93, 228014 FAF Hhe} o] 9
¥ SNRe| 242 3} o]F9 SNR A7t 37
Frhs AT A BTk

22

SNR (dB)

=== SNR from NESZ
Y T

7SNRM (maoving avg)

- | | | |
0 500 1000 1500 2000 2500 3000
Range

Fig. 7. SNR per each sample before/after
applying BAQ to K5 raw data

Fig. 8. K5 image(partial) from BAQ bypass raw data

Fig. 9. K5 image(partial) from BAQ compressed raw data

A7 SAR FAo A BAQS F3qFAS ety 9
3 AFHA @2 olgly 55 YAHOHE F4S
AZkste] Fig. 8= & 531, &Y dlolEd BAQ ¢
2 Eds 38 Fig 98 5% ¥ 7 I
< BTk olw &3 BAQE SHIE Ao
HE 4R EZ q=35= 59

HwE fJall 7 FolA 2 AES ghol WH3lgh
BEOGS 3o -Mlokﬁ Fig. 10= #/dstth
99 ol E with o ik Ho|] wWo] =3}
of ol Wslel &S AT 4 Ut

I'Ll

J{Nv
0:

r

¢

FAollA RCS7F 2 9H(Y¥E SNRo| w2 H&)
o4 BAQZ A% SNR A5kt T Aoz oy
sdgoy AARE WE RCS/E A RFE(YH

o]

SNReO| Y2 FZ)ollx W37} o] TS
T YAlElelHollA SNRe] ®ststx A EA 9
RCS7F & A% o1& FAE AEE A5 A7I7F A
A BN FFl AL AoE AZ4HEY. WHE
RCS7} & 739 FAsk o7t el ¢ g
< Tl %%‘ﬂwgl fol W3he Aoz AzdAnh
webx LA E o] E o] SNRo] %kz3l @xfol] o8] A
atE o] = RCS7F & A4 SAR FFellAEs & dFol
[og]

OO0 B 5 2=
%A_]'E"é‘ :9:1]'?_]??:_}' 0 9}1;&1\1:]’-



Ho49 # H 11 3, 2021. 1. 484 9

ot gAY FAZANM Y FAS FEY £4 939

Fig. 10. Intensity change after BAQ (Black)
same (White) change

SAR ¥4 ME9 Al7(intensity)®] X E Fig
119 =A8Ath g dde] BAQ W A& B39
Aola, B HMo] BAQ A& FArel Aot
SAR @73l A intensity’} 0% HAEL & REE
Bt A7t wob A S fsiAe A a
o FHRige] A& BAE A3, BAQ °olF I
intensitygt©] BAQ & o Hl3] eE&8X%Ho= o|F
stttk AAZ Q] B 9A] BAQ A& F LEZS
2 37t AE AT 4 Utk Intensity= 2t ME
Aol A o] RCSEEO HlEldtt, BAQ 280l ol A

EHo RCS7F W3g A2 oflyE=Z BAQA <3
intensity 70l 78IS & 4 Atk 220004 &<l
3k mkel zFo] BAQo o8l FArst et A st
=911 5 9 SNRo] ”Z\L’S‘}E ¥tz eatel o8|
intensity7} S713lA S & Qltl. olx= gAto

PN

T
NESZZ 3|43}e] noise ﬂoo o} L intensity #4
o] ZolAl= o= M 4 Ant. wWEkA BAQ
g T A exz2 s 4 ARk o=m kol

2z Yllo] Folx= A

-g-i = T ))\q-

10 Intensity Histogram

L = Original | |
6 —8:4BAQ

) \\

, , . .
0 5 10 15 20 25 30 35 40 45 50
Intensity [DN]

Fig. 11. Histogram for K5 image in Fig. 8 and 9

53] Fig. 10|41 F= nvithe} 2| intensity’} ¥
MESANA Fho]l H3l(intensity S7hH% AS 1L

st BAQOI o3 &As oAyt 53] W2 A7
o] WZEA intensityE VM7= HFOE A8
e FIstTh
m. 2 2
2 =TdAe AAEA eIty gAE -
271 A HelHE AElsts A ANA TAS= &
282 Q3 AEFE e ¥sE #AFev. FAS

g S ADCS BAQOl 93 kA3 HMEo] SNR
< A3t st
=Rl

ADC ¥ BAQo o3 4Arst 2xte
T2 02 SNRo| #ZasiA dd. 49
Hol 8- vld & Typs BASFAIL, Tap
o] & A% ADC Z¥%¥ a7k Aujd<cl 9&g 3
a1, Taip©l 2o BAQol 23 o] AR
ADCOl o3 FAst= PEils e
SE&H7F vid A A9 d¥ SNRe HEY
T A3t BAQS A3t exb= 84
ol SNRe| 21 dB7} 2 & d+S SAsHA o, b
H EEZRS Aok o}ﬂ A
o 2 Aow AT wEA ¢
0 dB ©o]delx, 84152 SNRE& %ﬁ] A 3l oF
b BAQ EHHIEE J7MAACE & Aol
Y4z e] SNRe] FE3] FoW BAQ =99
SNR wH ko] v x]o] me} g4 oz Hedd &
ATh &, BAQO =¥ EHE A5 Hwo] £ ME
=) “éﬂfl} 2 4% SNR A/t saFoz AHA
T Atk olE Tapol B2 A5 o A EAsI e
g, 9o gl Az e i MELS HolE
ZolAY BE @ ME & =7 BAQ ¥Ast oA
S =Y F Aok gyl AHd"EA 2RZ HFEY

FAZ9 EYAEE JHAEY kolzst
K
l

N

x

o
O

SEEN ZHEU*OIUE gxg gAae g A
54 9 F4HS AvE e get ogdEE ASA
7€ AME F JEF A= Ho] F& A=
Ay 2= o}

=3 BAQO 9§ ¥AFst 2x47F SAR @7l mIA|

= 9% gl } olg]® 55 YAIHolEE &&
S . AES YA 2 YAHolHE FH] 8]
BAQE &3I4 &L 947 BAQE FHES T
H —75‘]'93\‘:} SAR oA ToF
=) Aoy A intensity &t
Z7} Astgk 7ﬂ\~ gl = AATh BAQoﬂ 9]
H =7
K]

ffok% %01 SAh
ddlelttel A" 44l
FAL 3t Uﬂr—f—_— NR ®3l2 A A8t



CRAR A

rot

4 TS 2FHL K|

227} AA SARY o

MAE 9FE FASAT. FF AYEA FH ol
tel £4 Aueed we g8 £ase 48l
37} oA WHY AAAE dZ8T, 25 4ol

|
B BAQ TEIG A4 2 AHs $4e A

deleltre] s A

References

1) Lee, B. H. and Jeong, H., “The Analysis of
Statistical Properties of Quantization of ERS-1
SAR(Synthetic Aperture Radar) Raw Data,” I[EIE
Annual conference Proceedings, Vol. 20, No. 2, 1997,
pp. 1225~1228.

2) Lancashire, D. C., Barnes, B. A. F. and Udall,
S. J., “Block Adaptive Quantization,” U.S. Patent 6
255 987, July 3, 2001.

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

4) Lim, S. J., Lee, H. I, Kim, S. Y. and Nam, C.
H., “An Optimization Method for BAQ(Block
Adaptive Quantization) Threshold Table Using Real

SAR Raw Data,” jJournal of the Korea Institute of
Military Science and Technology, Vol. 20, No. 2,
2017, pp. 187~196.

5) Younis, M., Boer, ]J., Ortega, C., Schulze, D.,,
Huber, S. and Mittermayer, J.,, “Determining the
Optimum Compromise between SAR Data Com-
pression and Radiometric Performance-An Approch
Based on the Analysis of TerraSAR-X Data,”
IGARSS 2008, IEEE International Geoscience Remote
Sensing Symposium, 2008, pp. I1-107~11I-110.

6) Martone, M., Brautigam, B. and Krieger, G.,
“Quantization Effects in TanDEM-X Data,” I[EEE
Transactions on Geoscience and Kemote Sensing, Vol.
53, No. 2, 2015, pp. 583~597.

7) Zan, F. D. and Guarnieri, A. M., “TOPSAR:
Terrain Observation by Progressive Scans,” [EEE
Transactions on Geoscience and Remote Sensing, Vol
44, No. 9, 2006, pp. 2352~2360.

8) Hasso, A., Jacksi, K. and Smith, K., “Effect of
Quantization Error and SQNR on the ADC Using
Truncating Method to the Nearest Integer Bit,”
ICOASE 2019, International Conference on Advanced
Science and Engineering, 2019, pp. 112~117.

9) Lloyd, S. P.,, “Least Squares Quantization in
PCM,” [EEE Transactions on Information Theory, Vol
IT-28, No. 2, 1982, pp. 129~137.



