2748 H2¥

M TFESIHEN
MICROELECTRONICS & COMPUTER

Vol.27 No.2

2010 4E2 A February 2010

BHEERKETIESE JPEG-LS H#i9a8L

X EBLZ R B FFO?, REH
(1 P EPEBE D545, L 100049;2 FEB2EBE SAAPFEHT, LE 100190)

B B RET-HEEENIPEGLS AH /EXHRERESEHZ VLSI XA LH. B2 JPEG-LS AT
A HHEEFAATRARLANTGEEZER D RAT - HESEENHBEAKERER. 2R AREMK
ETEZEATURREREARKRBAEWALBEETR At @ HESE MW, RET USSR ERRL
MEEER EEEBRRPRERENTRAGBTRRE. HEEFPGA FEER R, HBA THREEZL L LA A-
SIC LMKt

XA FEAHE; T E % ;JPEG-LS; VLSI; FPGA

hESEE: TNIIL SCRRARIRES: A NXEHS: 1000 —7180(2010)02 — 0034 — 04

A High Performance, Fully Pipelined and Parameter
Controllable Implementation of JPEG-LS Encoder

LIU Jia-han''?, ZHAO Yan?, WANG Yu-xin?, ZHAO Jun-suc®

(1 Graduate School of‘ Chinese Academy of Science, Beijing 100049, China;
2 Institution of Software, Chinese Academy of Science, Beijing 100190, China)

Abstract: A high-performance VLSI implementation of JPEG-LS algorithm for lossless/near-lossless image compression
was proposed in this paper. After analyzing the bottlenecks in JPEG-LS, a semaphore collection mechanism was employed
to avoid pipeline interruption in the part of context buffer. The fuily-pipelined structure ensured its feasibility to high-
speed image processing system, in which ultra-high-throughput is required. Benefiting from its highly-parameterized de-
sign, host systems could dynamically adjust and optimize algorithm parameters, in order to adapt compression result and
efficiency to different environments. The implementation was verified on FPGA platform, and the result shows high per-

formance that was close to or exceeding other ASIC implementation.

Key words: image processing; lossless compression; JPEG-LS; VLSI; FPGA

1 5§

JPEG-LS AR /it B0 F 48 B AE B 7 Al g ik
BB xT BG4 TG BT 2 BRSO IRAE T BB R
A B RJLA BRI JPEG-LS MBS 4523
UL BRI R RS RE T RN T ETRR.
W, B SC B I R AT B B ), 8 2 A X F K
BB W v REAE S F B B . SR, JPEG-LS B ¥
WAFTEARF FHE 1 S BLA J7 E , BPECHE At [, 3
— BB BRI A B R RS

FEBRA Tl N P, & BRI N FERE

KRB HE: 2008—12—-28; {EEBHI: 2009-03-01

8 45 5T RE B HE S AL A IR] 43 HE 2 FIRE BE A9 I
B . BTN ASURAE S, BN T A R M BB
U8, KB 53105 ) RA A FI B FEGEBOR  IRAERIE
R —RrE IR AW 2 RERTIREFITERE
ROEGR MEHEES). B, SE RS HHTH
AR NTAZIN R GRHEHN BN BRI EE
PR T — M2 Rk JPEG-LS B 5L 3,
LIRS T REHE O T BARBE RATH
K& RER, 2 B iTEIRS & R H JPEG-LS
K. S5, EEHE KB T AR AR MBS,



%23

XIFHS 5 WA 2 RK KL A= 2 5 JPEG-LS %S48 L3 35

AV, (HEAREIE N 2 IR BB R .
2 JPEG-LS &% 4947

M IJPEG-LS BEMBB E L, EHREH
5 BMRZEZ R LB R EEN B IEK
BToREiHE R, MBHRSEIHE B WEF KT
WEMENERD PEKITE RS IETHT, X
AR YERE JPEG-LS L8, L B & FHKL ML
AP RERRMEERAE.

BN — 1N EESREBREE(T,, T, Ts),
EHEFRRE THREEPBREERDPGR =M
P REEYEFENREEEBHESHELT
BREENTE, BT P R R H(E
EWAS REEHIBLZHTHRXSETEN
P RIS A PRI A 4.

F—NEESHRFE B K NEAR. JPEG-LS
B FRE TH S, R AR 08 7E (R IE B R i &
R T4 EWE NEAR K10 T RS R4 L, BES
BIR AR, X 76X R R B 1 R B R 4 1
BB . 55— R g5, W AT DUE R R
Z4 NEAR %8 B G RE ZENERGEENT
B,

3 LHEH

JPEG-LS B AERENF RSB MR H
BB A28, e AR ER
B ], - E B AR AT SRR R . X R 1Y JPEG-
LSERGEHURERAFTHE N FEBIR, BELE
FFAKLRERE — GBI IR , T W 2%
BB 23R . i/ B R ER A 1 PR . Bk
TKEHRISL , BB AR EGEBRR) L

H2ERHT  BR T B —SaBHHEE.
f 1

WA 5% e | — BR
— T &% wM [ 2% L
{ !
B T we | L
AH [T aE | | itE ki
I ) I
W B Bk
gm | | wE - | B

]

E1 JPEGLSXIER
3.1 BREFLEA
JPEGLS R BEFELPEE R 365 ¥
BRI, HP M T SBRNSEIHTSH . EETRK

KMLAFTRP, A THRSENITERERBER
B R EFNERTEAGREH TR A gt
SEEAT,BIRHBUKE PW, RAVZBERT. AT RR
X—E8,CPRAT - HETESBRENELGT
FHLH, AR R B BUR M R i S 4T, {3
Vilnl 3 BUHE ¥ K B MG B A RS, TR
TREBER T RALERFKE 8. ZE R
AT LAZRAR A B B F 8- 4E load (Q) Al update(Q),
LR —AEE R 365 WEFESEE m[0..364]:

load( Q)1

wait until m[ Q] = =0;

m[Ql=1;

|

Update( Q) |

M[Q]=0;

!

ZEHFIEMEGSHOE 2 i, 0T
365x1 0 RAM LHEERE.

CLK D Q
SEF

oz

UPDATE

LOAD
—
RAM_365x1
LI aopr A
_D°' 1 paTa_a
WE_A
ADDR_BO_A
> _BO_.
Q_UPDATE ~ pata_B
— WE_B
Q_LOAD _D— L] cix

2 HRWSEHEH

UREFVEERERESRSHSH A B
C.NHiE. N AGFIE, KEER n L. C I
WA ESH, —BBUER - 128~ 127. BEEE R
bpp(bits per sample) , IR &S EZ BIFKBI R R,
ALARE A B WKES A n +bpp—1.n+1,3
217 RAM K/ 365 X (bpp+3 X n + 8) 4.
Broc k3, n B 5~8 SLENTT 6 B 45 K R0 FIER
BRTERD!.
3.2 TEE4LEW

JPEG-LS & #: Tl 4 i) 11 B 7% B[R] B 1 o] 24
HIfTAAT—TB R, Bl FHERES R LT #
17,50 ERBERF —TRR. N TR, 17
ZFHBRER=ZFMKEHIT: F—KiEN RAM
P8 RSB _RITE R, R, R BBRENE;FE=
%% R, EA RAM.ITEFENEWME 3 Frx. B
K LR, 8B THMFHEOLBEMIER, Sk L RE



36 R T2 S AL

2010 4E

) RAM R E2H spl - 2. spl A BITEIGRMRERE

(samples per line).

R, R, R, R, R, R, Ry
S} (4] | [x-31 f [x-2] | Dxt1 ) [x+2) | [x431) [x+41 ] °°°
R,
[x+1]
- R, ~1- R
B3 TEEEW

HTEREERSEBRIIBRTEAL X, RE
AAFTEXHHBGRREAFIE X, 7] LB RTERF
RAM # K/ (X —2) X bpp fii.

3.3 Wk&EN

R LI WK JPEG-LS Z R H AR
SR Z4TKE B FIRUKER ISR LR
BERFKE . BHR KRR EITER, BET
BT, REBIE, REEE, Golomb 233t
., Golomb ZriSFN S 4 ) ; B AR FK KB
AT, #, G, BEEIE, RETE,
RE MG G FEH,; EREEX KL REaEe
BRI IR, REBHMGREN. =&
FKLRIER RS FAHEEE , FATHAT. A BHELE
BRRAKKEWAERNE 4 iR, BPE&ES
RFEHAKL P B —BBR.

& o ws | [ x | ii[ & ]

......

Pl Jeofm] PP PP

SRR RN

11 s

SRS 1| IR 1111
L e ! e

[Jumezs [[|enater Bweatzn

N

3.4 HBESYWAE

5HA JPEG-LS LA, SCH B & Rt
BNF—RIFER ER,JPEG-LS BEFH LTS
B(MAXVAL, T,. T,. T5.NEAR) U & B & L #%
(bpp.spl) AR SLT A BT IR AT AR K TR, Bk
WARAE R 88 U, R GRS 47 3 18] 38 5 3
BOWEMEESEE. RAX &G, REEE
AT IEI AT AR SR SRS 18 L AR YE B MRS A R PR

SEAGHDABRED, FAEEEREERE A ME
B2 ARRI R T4
3.5 RIpFEE

REBFEREPUIFENFERS KB ERB T
PG BB A TR E, BMIENRK NS REN
TR 78 30 AR B AUE L. RTSh AR R — 1
FERBRREBO RS BEBEPAGFKNEERNES
B3, ER, B BB, X— T ERAFER
% (Balanced Circuit).

ETFRAKENEHWE ST T FEHEE, R
BHTHFFHRNEMERSERA LA, BHT
B T s B 7B RS T e, B AR ThFEF A
FIERKREW. AR R, 5% JPEG-LS &
%N TAeERKLEW, RAKRGSHEBTE
25% FITRE! .

R T H— BB, EEETKENE
NERRBA TR P ATTEILE , 7E50E TR
REARMA TS B TEAESAEREXA&
FEAT, SIATTERE, B> T REHTHRED
e, N B KBISTIFEM B .

4 XLHUER

BPRFT4A RTL RBBE, 7 FPGA ¥ &
i@ RAE. X E R SOC A, £ T AMBA,
OPB #1 WISHBONE &4 0 (VAL E). W E M
AT BEEERS T REER, I LU R
3| ASIC LB P H AR RIFH T ECE 1,8
SRR EN A TREERNERS, HES
A~ FPGA V& F X HEMEE 1T T IR, KR
3 1 iR . PUIFE XCAVLX15 ¥4 L 8 (st R
FAe, SHALIUR JPEG-LS # VLSI 3238 L&t
R2BR.

%1 JPEGLSH®% FPGAXLHRLER

bpp spl BEE/ FEEE/ TIEER/

BHRIZ

EBR ERR  slices (kb/BRAM) MHz
1 894 18.9/4
XC2V500 8 640 154.3
(61%) (12%)
2 529 49.6/5
XC2V500 16 2048 152.7
(82%) (15%)
2 294 18.9/4
XCAVLX1S 8 640 197.5
(37%) (8%)
XC4VLX1S 16 2048 2965 49.6/5 195.8
(48%) (10%) '
1 353 49.6/4
XC5VLX30 8 2048 225.1
(28%) (12%)




F2H

XIZEHS , % R WK KT E S JPEG-LS 4545 L3

- 37

SCER[6 1Rt T —FMIRSHFE R SEBL O R,
R4 224~ B PP O %, BB BB A v A s
AT , HABBRAVETE (R E B B AT , LR R 6B
B RINFE. X— ik B R R B IE @ R s
KB 1R, & A BRI 5 AN RENBFY
WREMETK, TEIABIE BHETEE. XhA M
10MHz B SEB 5 RIEHR T X — . 740, ZEH W

BERBEME .

SCER[ 2] 2R A T —Fcat B 3% N2C-EX, 5
BT IHATEEE, BB TRE G B3P A KNG
REH,N2CEX BV FHFZWEFES RIS —
BEENES RN E, T B N2CEX 5 JPEG-LS
HAREL IR A

*2 S5HAPEGLS LML

_ . 2 THES 631
ik AR L2 ERE Z [ #/MHz Xt H /%

SCHRLS] XCV50 - - 12.0 6
SCHR[1] XC4AVLX15 2 596slices 6 BRAM 102.6 52
k(6] ASIO0. 18ym 17.6k eq. gates 17 530 bits 10.0 5
CHR(1] ASIC 0. 18ym 27.7k eq. gates 20 815 bits 183.0 93
SCER[2]® ASIC 0. 13um 17.3k eq. gates 13 984 bits? 333.0 169
SCHk1] ASIC 0. 13pm 21.5k eq. gates 15 695 bits? 263.0 133

OET N2C-EX B O EEG R EHF

ER[1] R B R —FE R T, X
R CLQ ] B8 B T U #87 J 548 MR [ R, b 6 T
WKL ERF. ZERIE T BN RERE, BT
SRR R A . T MR IRE T, AR
T A B B 1 B R T RK R R, X
G54 b — AR R A R AR R L AR PRI 8]

5 &ERig

CHEE R JPEG-LS BEMB i, B T
~FMAE SR EIG @ RRKREFHTTE, I
LA B B M BE (4 S B P . X ) JPEG-LS SEERAE
fRUES KA nt B i RERE_F IR0 T X 4 B s 2 AT ml
BRI, LR T RERNRERENSE—, &
FT X EE48 2 RS A TR BOR , WE M R4
RA BEN RN N B ERBRLRS.

SX 30k

[1] Papadonikolakis M E, Kakarountas A P. Efficient high —
performance implementation of JPEG-LS encoder {11
Journal of Real — time Image, 2008(3): 303 - 310.

[2] Ferretti M, Boffadossi M. A parallel pipelined implementa-
tion of LOCO — I for JPEG-LS[C]// ICPR’ 04. UK,
Cambridge, 2004(1): 769 —772.

(3] JPEG/JBIG. FCD14495. Lossless and near — lossless cod-
ing of continuous tone still images[ EB/OL]. [2000 — 11 —
101 [2000 — 08 — 15]. http: //www. jpeg. org/public/

fcd14495p. pdf.

[4] Weinberger M J, Sapiro G, Seroussi G. The LOCO — 1
lossless image compression algorithm: principle and stan-
dardization into JPEG-LS[]J]. IEEE Trans. on Image Pro-
cessing, 2000(9) :1309 —1324.

[5] Klimesh M, Stanton V, Watola D. Hardware implementa-
tion of a lossless image compression algorithm using a field
programmable gate array[ R]. NASA JPL TMO Progress
Report 42 — 144. Pasadena, CA: NASA, 2001.

[6] Li Xiaowen, Chen Xinkai, Xie Xiang, et al. A low power,
fully pipelined implementation of LOCO — I for JPEG-LS
[C]// ICME’07. China, Beijing, 2007: 1906 — 1909.

[7] Savakis A, Pioriun M. Benchmarking and hardware imple-
mentation of JPEG-LS[C]// ICIP’ 02. NY Rochester,
2002(2): 949 —952.

(8] R, HtH, W, —FETIERE LT OER
HIERESITE]. BB F¥ 518, 2006, 23(4):
153 -159.

EEE T

XiEEeE  5,(1983 - )  BLBFFA . RS R BT SRR
B AR RLE.

B & &,(1983- ), i TREIN. BT R EAAH .,
BARXRES.

EF F,(1969-), BIFFF 5, B4 0. BEITT @0
MBS R .

BEG B,(1973-), R LA AT 8 ERIHTHE
PLIRAR RS



