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Hardware implementation of lossless image compression
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Abstract: A hardware implementation method for lossless image compression is proposed to overcome
the difficulties of embedded wavelet coding methods in hardware implementation and high costs. First-
ly. the algorithm divides wavelet coefficients into a low frequency block and three high frequency
blocks according to sub-band properties, and then uses different methods to code respectively. In the
low frequency block coding method, the Difference Pulse coding Modulation(DPCM) is firstly used to
reduce coefficients’ dynamic range. Then, a modified bit plane coding method is used to output the bit
stream. In the high frequency block coding method, the proposed modified Set Partitioning in Hierar-
chical trees(MSPIHT) algorithm is used to code three high frequency blocks respectively with their
thresholds. The MSPIHT optimizes the outputted bit stream by using a type of A set judge. reduces
memory requirement and avoids memory dynamic management by eliminating the lists of SPIHT algo-
rithm. Moreover,the MSPIHT avoids repeated calculation in scanning process and enhances the coding

efficiency by adopting MMVS, Experiment results show that the bit-rates of all international standard
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testing images have reduced more than 1. 4 bit/pixel and the coding speed has increased more than

three times as compared with that SPHIT. It is concludes that the proposed algorithm is super in real-

time performance, low memory requirement and fit for hardware implementation.

Key words: Image compression; lossless compression; wavelet transform; SPIHT algorithm; Hard-

ware implementation

1 31 =

TeA0 EIAR e 4 7 38 3K R 5 B 2 R 1 3k
WAL H FNAF At 55 SR AT 5 T 2 N . AR — 4
FEIR I 54 - a0 S R 0 2 1 SE st 45 Lo
P 5 SEIS W, B T 20K S0 B ENR B8 1) T it
R iff A Ah L I8 T EE G0 R 4 vk B SR
AT SRA N 5 0 52 B0 0 R AR RE .

UE AR SR, BT /N U AR e 1 AR 4 ) % 0k
. WIEAE(5,3)FIC9,7) /N ik U U 2% O 2 4 —
P % R 4 b i JPEG2000 FIFRFH . A 7N I A8 e
Sl AN EMG 465 LIk @B T4 2 0] LA 3l 4
IR 455 /0N 22 80000 o A 2 g i B0k b DU A
X Z R g (EZWHP | £ & B 1y 4 2k
(SPIHT)™ it i A =X 48 1k #% W7 B 45 7% (EB-
COD" g h¥E 4 . EBCOT 53k 5 4R 1K 4 bt
fetk = H O %k JPEG2000 7 5% A {H g1 F 18 F
0 A= 1 3R AR AL 3 ) BT S R g i AR 5
PO AR L R RS PN M EL A B, T
YEN EZW gk i) SPTH'T B A ] BAL i3 %5 1 5 % »
SHL i A 9 B AS 2 3k g e B R g A 4 T 3k
PR SR ES  BT R T A R
[¥) 5 i) 4 235 g A0 LU 4 S 17 4 5 ) 75, SPTHT B3k
BN 77 A i A SR 300 5 DA T S 15 A 1 1 Y 205 %
fiff i 5 3 G . AE R 4 PR RE L HOR TR HL AR R
T I AR A 1 {E W L (PSNR) 38 EZW F- 1
@ 0.6 dB £ 47,5 EBCOT & k4R,

SPIHT %3k B SR U T4 K B9 B2l » (H B8
Gy AT 55 LG 25 R 2 B L 2 B vk TE O 8 R 4 N R
WMAFEE R L., B MTE 7 2 5s—
20 % 1) SR W6 L K A1 i o R e A AR I R R
PR T H G A R R T 3 A s
RS R P R G E N R E
e s FLBhAS 0 e B 1Y A S R B VE th Al T
RS Ryt AR SCHRE Y T3 T A S B A G
PR R4 5. 32 BB AR /N D R B T
B VE BN R B R o 1 AR T B 3

AT AT B ) R A [ Sk AT A A
Xt TR T B, B e R B T DPCM i 4k B,
SR (P S LR £ - TR 2 5 R0 3 i ) 2 ) )
UL 5 0 T 4% i A DU AR 3 H b 1 L fo P £
g 2tk SPTHT 553k 23 5 4 155 . BT 2 ) 114 i sk
SPIHT 5kl i XF A 8L 4002 ik T /5%
fiaw 308 0 PR B 2R N0 T A A A (EL B AN L3R
T SRR IAT AR T H A BOB AR T N A
R EEG TNAT RIS A B

2 SPIHT HF &9 #7

2.1 SPIHT &%

SPIHT Bk A AR fEE — M E G
1) 53 24 S AR A8 W S /N 6 3R Btk A7 HE fy 3 LX) &
B A RO et . SPTHT &k R AR

B LRI E A S5 -

(DO ) &5 5 G ) BT A B8 R 4L R
AN

(DG ) A58 G D T A TR R B Y
s

(3)L(ivj): LG.j)= DG, j)—0G ),

ESCREL S, (DA RER T EEM, %
HAE A 1, KW A o, #7348 % LIP, LSP,
LIS 43 50 47 N 5 2 R 50, 8 28 R BORN R 8 24
Ho ELISH, R G, DREES D)) L
LGy IR 5lnic A5 B KUK 4.

T4 B T, SPIHT 5k HF ¥ i & an
T

T 5E. R LIP rp 2% R 400 3 el
A AL S ) — I L R BOE A S

LU A LIS w45 300 Gy ) AN 4545 -

* A RES HH S, (DG, )RS,
(DG =1, DGL )43 OGL ) F LG,
S IEA AL X OG, ) Y & A BRI L
HEEMI B R, EE W A LSP, A & 20
WA LIP; R LG ) A A48 LG, Ik



924 e K TR

519 &

2 LISEKREIFMICH B R A E LN B
F LIS Hfih g 5

x N BRES W S, (LG, ), RS,
(LG =100 LG, )53 /0L OGP &
S5 s AR AR R AR 25 S AR AR A LIS Rl
h A,

Ak R da i LSP rbBR Y i HE ) A R A 2
(4 Z E LAY £ R B S HT A A . R BA
IR B SR 5 2R H A BE R T 0 00 g Uk
HE FRHET FA A AR L B g T
2.2 SPIHT EEGFHENARR

AR SPTHT 553 78 R e 46 7 T o A 1
N O RE(ER R oy (1 7 N

L)X A5 Aty HEAT T [v) 45 J S 2 1 1
11 SEBR b /N AR 4 5 o 45 /N R B TR Y g
RN I A 5

()T 3 AR SPIHT B kAU NFF
TR K, BB SN A G TR

(3)SPIHT B kAEHE 7 i i h A7 K ) &
2 HIWr 5

(DY —NESEEM 4 NEZEFW AR
HRL AT S 1 A4 0, SPIHT Sk iy 4
i A A R — 2 A .

3 TR KL R BRI R F ik

BExp SPIHT Bk AR A 2 ARSI T
O PR3 TR S IR Y T PR R 4 B
3.1 FHEDREGRME
I 5 B PR AR /0N e 78 48 i T2 ) /1 0 3%
P 2% 07 AE 1 20 O AN A ) L AR - BE i 4
7R o T R AT AR . AR 1 R, BL4E 512X
512 JK Ji 22 S I 8 o 51, O 3 % D9/ 7 /N A%
o B T R E N M 2R, it
A UL X A A AT () A R R Y A L B O3 T
L B {0 SR R AR HE P 31 i P A 28 52 ) 2 )
HRLR
x1 BHHMERABENERKERER
Tab.1 Comparison of ultimate coefficients

among different subbands
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Lena 1 814 367 260 240
Barbara 1718 404 357 153
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Fig.1 Diagram of wavelet coefficients” block dividing
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Tab. 2 Comparison of initial thresholds of

low frequency coefficients
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Fig. 3 Recover effects of proposed algorithm
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