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A Real-time Data Compression Algorithm for SAR Complex
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Abstract With the development of high resolution synthetic aperture radar ( SAR), great quantity of complex data are
generated by the real-time SAR image processor which makes effective complex image compression algorithm necessary to
release the burden of the capacity of the downlink and the storage system. Complex image compression can reduce the data
‘amount. However the compression algorithm for the SAR complex images is special, which needs to keep the phase
preserved. Generally speaking, the optical image compression algorithm isn’ t suitable for SAR complex images. The
coherent speckle noise and the random phase of SAR complex images make compression difficult. By examining the
characteristic of complex image data, this paper presents an efficient compression method based on block adaptive
quantization ( BAQ) after removal of frequency redundancy. The BAQ is adapted to the high dynamic range of SAR complex
images and reduces the quantization error. The calibrations of SAR image such as resolution in azimuth and range,
integrated side lobe ratio and peek to side lobe ratio, interference images etc. indicate that our method is effective for the
fidelity of SAR images’ magnitude and phase under the compression ratio of 16: 1. What is more, it has the preference of
low complexity and easy implementation in real-time system.
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MRBEBRRKOR, Bl FRRPERERE
(PRF) 2y 2000 () BERE R, RE— I8 16K x
16K MBI RTEE KLY 8s, IR 1 BRI Q BRAA 16
RBHE RS B E RN 128MB/s, B, FEX
SAR EHEGBEES, UERBHEFHEERRN
BT RNER, SAR AREHEFERECERN
E M4t SAR BB R HRAZ—,

SAR R ABAR THEEMNA¥EER, ERE
HFEGARER 3 MR :SAR EHEERTA
FALE B ABEE LS B 2 BO8HE ; SAR B B3l
BRA,16 LM BEHSHBEE N[ - 32768,
32767];SAR H B EG+H S EFHEER" . FHik
LE M BB R4 7 s AR E 48 SAR ¥R
BHRERBEAE

HRETE A5 X SAR & $80HE I 48 5 BF 55 M 1A
TINFTEEIRE:

(1) BB IEA S, BIx 185 .Q BRBIBE &
E4, BRGE % RAK T ERBENREL BAQ;

(2)SAR EHEBR LI B I E EL, —RAEM
RiFAb 3 ;

(3)SAR EH BB ALK K48, — R A
NEEBRB T ELE, FHREENERETRAR
% HIBRE I B4k J5 B (FBAQ.: flexible block adaptive
quantization ) , 53X F 75 & 7] LA ¥ 8bits/sample A ¥t %
48 %) 4 ~2bits/sample, E i BERBE T H I RE
BRI BIMER Y o S0 R E R BN FE 48 3R O R
PEETIREHHNBUN TR, EWELATER
SAREHEAGRAERBEBIN, FEHAERRWIT
£, BEEGHNEZREINETHENEEEL
g o MALE T REAL M R R WA i R 4
T, E—EWMREALFBEEATLER TCQ
(trellis code quantization) W B4k F & X H/D Ik
AR B 05 1, PR AR L 35088 7E /D B R B R B BIR
MBI E BT RS,

AXZEBEHEY SAR RELBERUEHE
BEBESE, RALH BN - EEFH T, X
B SAR FIA B S R R R BB LS
BEGMERERE, B 55H SAR EE AL 128 x
128 K/ B IR B, 2493 2 4 FFT 48 # ( fast fourier
transform ) J& I B S SR A B 88 TU 4% 5 ARG 0B BB
BRALBBENEL S RHETREMA, REXN &L
BB ERER GBS - P HEREITITTR. R
HEMBATERSMAT SAR BEHE B

BRI K F R A, S TR B e B 2 1) B e 22 B R, 3k
BENEHMEETUSE S HEROFER AR
MBALK ATIABOBREE T BILIRE, LBS
REW RABNEATER—MITZHBE SAR
BHEBERE I,

2 SAR SHEBGEFLES

2.1 LTHRHEBNERFZ
ETEHWEBRERERBA T EHHA, &
B BB AR 4 T LAY PR BOHR = I B 4 5% ok A T B
PEESE, THRUEMEEIEREETELT S
B b, 8 a B 2R B0 S B R AT LA A B A R 48
e . BEAE MR B R Karhunen-Loeve (KL)
T, C R I Hh E PR AR 2 H A e BB B R
BEAR, R KL ARFTETE QMBI
WESERER, AHERGERPROFEH, £EK
MR ESHFHERAEBEEHEBHREZTH(DCT),
BHU/MEAE # (DWT) (HE B M- 25 % (FFT) (G #5
H 75 ¥ (Hadamard) %, EER/NEZH b T HEE
BERERIERES CER AR EFEPBAT
MM, EREE —-RIEATREREEAN
7F % il Bandelets,Curvelet %, 53T DCT W5 &
MY EFMENFTERRIAERNESL, FETE
KRR A H BN . /AR B 4R A AT A
1k PR 48 A o 0 AR 4k R B 3R, 7E TPEG R
8 x 8 £y DCT A5 # , T 76 /5 3 i JPEG2000 3R
DWT 45 4, 7F #8 IF] B9 W& {H /5 M tk (PSNR) T,
JPEG2000 f JE 45 t b JPEG E & , 1 H. JPEG2000
REEHHERSEHRA" ., FRAPTHEINTFARAR
RRPFE=EWREABRER—HR .. RRZHIT
T X E R Lena BHFHRMA 1 iR,
ME 1 AT LUE AR AR 7= A4 3R 2 51
B Ko XtF Lena B4R, FFT B #H M IEHB)E R
BEREFONE, WEFRE/ N, FFT 5
B ROR B SRS A N RO SRR T X
A B AF T BRSO E4; DCT L g
RYEEVEL LA, BN Zigeag HEHFRXAHUSG
FEHRABABREINZ, TUEIHRERREE R
Huffman %75 B 77 2 FE 4 B SO8CH8 , 3% 1 2 JPEG #9
E# A DWT BB LIS A RE T i, K
Hi BFH AR PR B, B FHRERD,
XFhAS#E A T B EZW., SPIHT % 5 3 47 4 55,
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Fig.3 SAR magnitude image after FFT
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Fig.4 The sum of line and column for absolute real

M SAR BEEGH B A B RKE, HERRK.
LHER . EREREBREE, B KR 43E
A AR B ERR R KA o &L X7 8k
6 R RA BB KRR TH LR 52 TR
85, UM AR R L AHF 115, XEFEZRHH K
BIEFRHERT o Ehal, BTN FIME S KE
RIAGRNERNEEHFATLER, BN MRF
FEAFHBRKRE R, B2 B REAF B Ed
BB T . EXHALBPRAT S Hr PRI P X &
REHATRE, BT REHHER,

3.2 BRAE/MEK(BAQ)

SAR EHEBAFRANHEERE, F LXK

HOBEHE , B AE L B/ s A KU A 5, OE H

Ko FFT 288 DUE MR M3 A T BB A, i
TERMEE . % A&k BAQ ik BB A
R4 SAR JE#4 B8, SAR JE 14 B3 RN B 37 4
i B R B BN T ERERREE 1
KR AL K , 83 BAQ AT LA%F 8bits HIBHE 4 B
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1R LS 9 5 SR R R

BT SAR E 3 EGIIE L FFT 454 DUS g
HELEK, BRAKESFRERE - v, ,u,, ] BH
WAEEKEN SRR HR, RRAGKESR .,
2 9 Bk, RS T BT A BOBE e i I R B A
BK B BT R B K u,, X FARRK
B u,, BT E AR, X BAK R BB,
B AERRR —FBEE S R R
%o BALES ST B R BB, R AR T
BRASK, I TEFEHEN, RS KBTBA
BORFR, BN RN B 1A, RIS KN

Q ey =floor(log, (u,,,)) -B+1

e, floor(x) RERFAKTF » MBKBR. §—4
RERERHABECTRASK. BS BRNE
St — 08 4K x 2K #9 SAR BR MR B LS K KI5
B ATUEHBABAGE LKL, RIS KAES
. RAENMBALBSRILEE BENOR
LB RLEE (MQE)E Ky B>
ERTHRRENESY , ERXRAEE S,
BE=E N RS K, B i ABUSEN K (i =
0,1, ,N=1), BIBUSKF=LWEEN P,(i =
0,1, ,N=-1), BRBAH K, H5957% 8 BR M

400 T —r

AKX 2KERIR BT KA
3501

300+
250 "

200

SFREH

150 | l

100 |

s0f 1
L . Il_ o
140 145 150 155 160 165 170

BT K
H5 —EERKBASKREITHE

Fig.5 The statistic of quantization step
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MQE=Q/4, ERKABM BT LN FHELR
EN

N-1

MQE, = ¥ 25/4p,= T 2P, (1)
i=0

i=0

i F 3 51 B 4k (uniform quantization) #) 5 ¥, &
KB RBALE—ZR KN FERBAULKR K R
BEFRABMNLE KR KHTRL, “ERNFHEL
REN MOE =2" /4 AT AN RLS KM
MQE.

MQE, = % 2% /4P, = 252
w= Y25 [4P,= 2 (2)
i=0

MQE,,, B tt MQE, /MR%, Blinxt F & 5
N=4,K 5 5% 14.15.16.17, P, 4 %] 3% 0. 048
0.746. 0.183, 0.023, MQE,, = 10 207.232, Ti
MQE,, =32768,

3.3 RUEBHEBNATHTENEENNARESE

R - gy Uy ) L HIEAE 2 1 BAQ B AL AR
4bits Hy%HE, BIBLH B[ -7,8 ] XA LY 16 N EE
o BUUEHEBER B FTRAEHEF LT
[0,15] X&) k.

N [2i-1(i > 0)
f(L)— {m} (3)

KEHFERR, 23 B LGSR BRI —EH
7, AN 6 B, ERNN R —REERAE &
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Fig.6 The distribution after quatization

HESRAEMER), B 6 TRMBEREEEN
3.78, MEALE BN HIE N 4bits, B AT LU — 25
FlIAMRIGKEREL L, 7 Huffman HIBFER
HEPRBETERGE AATCHEBEEER, &
FELFH, EN - TREARREZEERERHA,
ARBERG D FREES -, RBENWER S
5] DA 58 & BOHE e 1 40 75 17 10 B ) s R B M 2 4y
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RIF B BERAE R, 5] — R AR P B e M B X
RABNMAERREBELEE, ERBES /R
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SAR S E BB EL4r Ry 2 4 FFT ZB# B BH
HXREE BAQ B . HENBEARAHEE LK,
BREBHBOES 3 NS RPHEER, REE R
KWK N, x N, , K453 % CR, WA BB X 5% &%
AR ERE—MRE CR, =3.8 £4,BAQ BAUME
BEHCR =4, BERAREBHWEREE RN CR, =
4/H(F)~1.067 , B—PWREEFIBRPRE
RE—-BZBEBENEITER WO RE BABA
PR . BUGHELH, RERBEFTE B, LK
R SAR B B BB 2 L H B H A& 16bits
Short B$HE, B—REL R HEHER

32N,N,
_CRCRCR, "™ 3 B..
- N,N, " CR,CRCR, NN,

BEMBEEL LR CR=32/R, I N, N, #
% 128, B, % 296, W R = 1.973 + 0.018 ~
1.991bpp, CR =32/R =32/1.991 ~16. 07,
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P W BRI % BB SAR BRUE B IV AR,
WHEHERRNXESEIRRTURHERE
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SHYEIE  MSE ¥ TR , MPE P MR E
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WEERARN 2000 KHFELT , EHLAKATE
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FERR VAR B,

B 7 4577 SAR BEER
Fig.7 The magnitude image of SAR complex image
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Fig.8 The decompressed image of SAR magnitude
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Tab.1 The evaluating parameters of SAR image compression algorithm

B4R K/ FE 4503 5] (ms) E& K CR L% PSNR SC B PSNR BifH PSNR MPE( )
1K x 1K 316.56 15.443 49.639 48.420 48.9816 30.2
2K x2K 1201.9 15.534 47.614 47.766 48.8279 30.5
8K x2K 4315.4 15.836 42.682 43.317 43.043 24.5
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MBI R RFRMES EMEM W, KRN PLSR =
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Tab.2 Performance comparison of point target for compression

BEE P RAL
3DB R 5 55 0% 1 B E R 3DB W 1655 55 38 L B ML
(m) (dB) (dB) (m) (dB) (dB)
Rk E R 0.710487 ~3.155310 6.726 983 0.710487 -0. 141909 9.569 751
RES G R R 0.691414 -3.274507 7.186416 0.691414 -0.143470 9.839910
SREEGM LR 0.018973 1 0.119197 1 0.459433 | 0.018973 1 0.001 561 1 0.270159 |
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Fig.9 The comparison of unwrapped phase in range
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