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An Adaptive Smoothing Algorithm for Near-lossless Compression

DONG Qian, YANG Chun-ling
(School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510640)

Abstract The wavelet coefficients of an image will obtain higher performance of energy concentration after its high-
frequency components are decreased by low-pass filters. This paper makes a study of the near-lossless compression scheme
based on this principle. In order to make smoothing process more effective to improve compression rate of the above near-
lossless compression scheme, this paper presents a novel smoothing algorithm, which can achieve better smoothing
performance by adaptively select appropriate filter direction for every pixel according to its horizontal and vertical gradient
intensity in the process of scan. Another remarkable advantage of this algorithm is that it can smooth the image according to
given maximum amplitude error, then makes the accuracy of near-lossless compression adjustable. In addition, this
algorithm is easy to implement for its low computation complexity. The experimental results with several standard test
images demonstrate the effectiveness and adaptability of the presented algorithm in this paper.
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Fig. 1 Block diagram of near-lossless compression

algorithm combined with smoothing preprocess

PG - T 2 P A5 AL 3 400 1) 22 M [ (L4 30 LA
W FE IR 3 B T B PR A 3R ORI A iy 45
A P A2 B 25 PR A0 TR OB R 4
JHE 8- 1 5 AT 2 ) AL R Ak BT 05 AR DA
BAERXTT AT RAMOTIE, A SR ) T —Ff gt
X PETAR AT TE A5 s 4 194k B 3 R ) 19 - T Bk

2 INRRBOMETEMALERE

BUG 2/IN AL e e (R Y 28 K0 e IR
R N TR R i A DIVAS BV R SN (00 S LR UR )
7, WA BUE I R FR 453 T 00 ASCHI(5,3) 42
THNBER 512 x 512 BIPREIEIE Lena HEAT 3 2Nl
ARG, JF RS Al /N I A KRG R R X (E R RE T

FEREAT T (LR 1) o B2 5 1 im0t B /1y
e Z oA A 2% G R W1 Al 1) 2R B A S 5
LAl ek 1 K I&l 2 nf 0L, P8 i Rl 73 ik
S PRI 1 5 A [ D7 1) b AR 1A o R
190 W JEE SR /N 5 b BT A e 001, 48 K 2 B0
e ZR B W L AR AR N B B e T . D
/N AR 8 2 ) 1) G i S 78 0 R K SRR AR A AR
ALYV R DU R R SR
%1 Lena ER/NERMHH

Tab.1 Wavelet coefficient analysis for Lena image

T i B P4 RERT (%) ZERETI(%)

LH, 3.865 4 0.23
HL, 2.902 7 0.11 0.45
HH, 3.1925 0.11
LH, 6.728 0 0.91
HL, 4.556 4 0.41 2.02
HH, 6.3315 0.7
LH, 11.311 3 2.23
HL, 6.803 7 0.91 5.79
HH, 11.218 5 2.65
LL, 122.466 8 91.74 91.74
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Fig.2 The distribution of wavelet coefficients in

high-pass subbands at first level
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Tab.2 Wavelet coefficient analysis for Lena

image smoothed by this algorithm

it W i 24 {H B A (%) B E (%)
LH, 1.081 3 0.03

HL, 0.797 2 0.01 0.05
HH, 0.600 4 0.01

LH, 2.860 9 0.17

HL, 1.836 4 0.07 0.29
HH, 1.734 6 0.05

LH, 6.837 2 0.86

HL, 3.989'5 0.34 1.72
HH, 4.858 2 0.52

LL, 121.492 7 97.94 97.94

£3 RAXM6)HETBIEH Lena B M/ R B4
Tab.3 Wavelet coefficient analysis for Lena image

smoothed by reference [6] algorithm

T R B 4 REREE ML (%) EReE (%)
LH, 1.273 5 0.03

HL, 0. 768 3 0.01 0.05
HH, 0. 959 2 0.01

LH, 3.2559 0.22

HL, 1.656 6 0.05 0.34
HH, 1.897 8 0.07

LH, 7.744 1 1.13

HL, 3.5715 0.27 1.98
HH, 5.048 1 0.58

LL, 122.230 2 97.63 97.63
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Fig.4 Wavelet coefficient distribution of Lena image

smoothed by this algorithm
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Fig.5 Wavelet coefficient distribution of Lena

image smoothed by reference [ 6] algorithm
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Tab.4 The amplitude error distributions

of decompressed images

5 |e| Lena Baboon  Goldhill ~Sailboat  Bridge Barbara

1 0 88 011 88172 87553 88001 87522 87 605

1 1 174 133 173 972 174 591 174 143 174 622 174 539

52816 53136 53028 53005 52833 53008

2 1 104 661 104 354 105222 104 687 103 823 104 528

2 2 104 667 104 654 103 894 104 452 105 488 104 608
3 0 38432 38420 38553 37841 38104 38161
3 1 73975 74795 76000 74392 75268 74533
3 2 74 373 74353 73943 74 638 73 646 74 583
3 3 75364 74576 73648 75273 75126 74 867
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x5 EHE(CR)5#EESRE PSNR
Tab.5 Compression rate (CR) and PSNR of decompressed images

Lena Baboon Goldhill Sailboat Bridge Barbara
PSNR(dB) 49.907 4 49.911 4 49.896 0 49.907 1 49.8952 49.897 3
AICEY (6 =1)
CR (bpp) 3.040 16 4.415 13 3.490 39 3.583 01 4.345 4 3.547 09
PSNR (dB) 45.128 5 45.131 4 45.149 5 45.135 4 45.108 2 45.1315
ACFL (S =2)
CR(bpp) 2.501 25 3.734 65 2.854 55 2.990 48 3. 664 52 2.964 2
PSNR(dB) 42.105 4 42.1317 42.168 5 42.102 7 42.1209 42.118 1
AIFHE(S =3)
CR(bpp) 2.204 04 3.317 32 2.503 14 2.658 57 3.264 71 2.638 89
PSNR(dB) 46.398 7 46.394 2 46.403 4 46.408 7 46.389 3 46.389 7
k6] Rk (6=2)
CR(bpp) 2.699 43 3.978 64 3.056 52 3.224 3 3.905 12 3.159 73
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