BFOREE - =9 B& HmXEE B 6 % 3 3 2005.7 / 107

Pt = A2de FA5S A%
248 duds9 AA

Improvement of Set Partitioning Sorting Algorithm
for Image Compression in Embedded System
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Abstract

With the increasing use of multimedia technologies, image compression requires higher performance as well as
new functionality in the informationized society. Specially, in the specific area of still image encoding in embedded
system, a new standard, JPEG2000 that improve various problem of JPEG was developed. This paper proposed a
method that reduce quantity of data delivered in EBCOT(Embedded Block Coding with Optimized Truncation)
process using SPIHT(Set Partitioning in Hierarchical Trees) Algorithm to optimize selection of threshold from
feature of wavelet transform coefficients and to remove sign bit in LL area for the increment of compression
efficiency on JPEG2000. The experimental results showed the proposed algorithm achieves more improved bit rate
in embedded system.

Key words : JPEG2000, SPIHT, Huffman Coding, Embedded System

LM 2 ok ol mE Tk WElvldel v5e] a7t &
- A o g3 om, To o guds Axw 9 e
g Weuite] 5e APss) 9@ o], Az
gevje Al2de AurtA, @, FAA8, A A o] Egode X% AL ASstn gtk
T3 Zo] Aoy 93RS wE FoklM FRE gy qmg suy gazseldd vs AuHos
158 738 230 slow, wdds $2 PR BE yo qopg syl wol2E AXE JuHE A2d
Bold] tl&rn A%dA FAFeo &8E A= &y & CPUY sl wWma 2o A2 A HE DY
TEoT e AT o} 71%9) Hele] ojEe s /AN 1 Y[O]
A5 924 :2005.7. 13 $3 4222005 7. 25 gebd "eEel R NGy ARE BEHoR U4F
b veo soidn Tames wa qeay praq Sl B olE glol Aue doeE Az w4
Aoz FPAYF U 7} e Alxadol s ol Fa% Rokgtn ¥ F




108 / 9Mid=E N9 JAAFS @ £

Fmeze AN

pi=3

g AANGY AR dFL A d43En v
BAAE A2l YoM AGEES AZEF FA
q B2 #AE QAT o, o)A EAEE HEE)
A& 19923 JPEG(Joint Photographic Expert Group)
o] TA FFoE AMYd o]F o] RFEL vy HE
tol &&&okdl AHgH = glvh a8y JPEGS Tl
Avs A= E7sin €47 F&4 g ads}

HoldA ¢: Fgo] 2L A vES A F=id
A 432 Bolm gew DCT(Discrete Cosine

Transform)& H& Fo AEFAAE Y37 o
¥5E T FF EE3 #@4o] AsA dojue ddS
ZkA L gleh, A o)y f?_ ZARES dAdsr] 98
JPEGS] E &3} AL 232 dE ISO/MEC 4Hehe
JTC1/SC29/WGl 1-,;.—01]7‘1 JPEGZOOO“% A st Th[7]
£ =fdAle JPEG2000 ¢&9 A %Azt A dAd)
A FZ doHE 43t JPEG20008 AwrAEA ¢
EEE NAAZI A AT dolEd AFe FAE 9
&l deol=dA Ao AFa JFo 3 sign-bitE A
1 Fox BdHHAA Z dAE thresholdE A3
PEdd 4adFE AE34d bit-rateE: €9 oS
scalar guantization®$¥& Abg3ld 279 sub-band9)
54 wet g AHgo] @ ANE T A3 A
gARA S dolZa AF AR §FPag FIAsY
o, o Ay IdWig= FANA s1E£9 JPEG2000 £
B o $5¢ Jd9 HFHd A vELS F9¥ 5
AN
H{H ol&E

1.JPEG2000¢] ¥F &

a91e JPEG2000 QzEl/tjmle EBEEolth ofd
dol2g W@ 22 9y dolHe FgdHn Wpd
Ase FA%E AA 2=9e 445 Aol A=
»E3% $32 AN,

1) ¢]4t dlo] &8 A3 (Discrete Wavelet Transform)
Zkzte] =@H<A W] oisf 64 X 64 Pixelel st
code block ©92 ¥2¥ bit-planed] HolEal W3lo]
AgHch v]7lY W82 Daubechies 9/7-tap LH | ¢
& AYH3 7} AL 5/3-tap Yol olaf Mgt
2 =wodAE ¥7td W89 Daubechies 9/7-tap E
& AHMEStTh o4t dlolE Y WE F FA3 AL =
E A$ES scalar ¥23 Az

Source Forward . Entropy
mage ata W Translom [~ Quantization —H Encoding

Compressed
Image Data
{a} Siore of Tranemit
Rezoasturied Inverse Dequanti- Entiopy Compressed
imago Date € Transform — 2ation ] Decoding image Data
(o)

¥ 1. JPEG2000 EE2 =
Fig. 1. Block diagram of JPEG2000

2) EBCOT (Embedded Block Coding with Optimized
Truncation)

¥ 2¥ EBCOT FAe2A Tl, T2 blockez &
F Atk T1 blocke Heoj&zl ¥EF Fx3E A
sub-bandE& EBCOTAA g7 ZFg3k =719
code~blocke 2 UF18 bit-plane & &3l 3 714 9
pass(Significance Propagation Pass, Magnitude
Refinement Pass, Clean up Pass)Z§2 2 U¥A 4,
ZC(Zero Coding), SC(Sign Coding), RLC(Run Length
Coding), MR(Magnitude Refinement)®l 47}3 coding %
Hoz 19709  Contextd & Ao HEHE
Context(CX)$} Decision(D)& #2314 ¥tt.[1],[6]

T Full-featured dit-stream

T2
Layer tormation and Block
summaty Informeation
Coding sngine

Embecdded block bit-sreams
and summeary information

a9¥ 2. EBCOT 74
Fig. 2. Structure of EBCOT

2+ B % 3} (Arithmetic coding)® JAGAT wAQA
£ AME3EE Q-coder, QM-coder WAl QA AT 4
ZE AitE AE3E MQ-coderg& AHEEld FEH
Context$t DecisionS o] 83lo] A3 4&& Ade ¥

o

F3o) A FP5A Ak T2 blockS TlolA TESA
%3 ¢¥ bit-streame Fo] A bit-rates] LA dHolHE 4
A ALY FolF  bit-rateE %Fo] HAAHA SNR
Scalability 9} Resolution ScalabilityZ} 7}Hs38tAl, ¢=4
dolg & AMd A7 blocke] th.[5][7]

.2 38 dagdF

$353 sle AHL
A (sorting pass), H& 374 (refinement), 21812

%713 #4 (initialization) ¥ 2%
¥} 3}



Al2el By BEE W 6 & 3 % 2005.7 / 109

@7l 78 M(quantization-step update)s 47019 ©AE U
ol A o8]

1Y 38 £8AE dugFy EERE Yedt WA
2718 #A L A& 53l ng TEm 229 HE F
sted, ¢ Alg(Threshold, T)& A €3lE o o] A2
0=

n=[log ,max ; (C; ;)] Sy
T=9 " (2)

A7NA ClUH B FE (4,7 A9 dolEd AFol
o HolA F& JAGE ol g3Y JAgRY AW F
8 A4 (significant coefficient) Z2& 31 oW H] F QA

% (insignificant coefficient)® TFE3tA =tk A3 =
[REE BEE7] A F83 AFE -4 E.29) LSP(list
of significant pixels)®t F88x ¥& AFEY BE9

LIP(list of insignificant pixels), 27‘4.!- F83A F&
A E9 E 29 LISUist of insignificant sets)g} EZ&
e G 2EE AL ST

o714 LIPS} LSPoiM el X (4,7) & 4zt A&

Yelya LISE otz Ao mEE D7) (type-A)
& O(4,5) (type-B)E “ErdT,
L(7, 7)) = D(4, j) — O(4,7) 3
o, ) ¢ (4,7 9 A4 (offspring) 9 Y
D, (4,7) 9 A<(descendants)E9 A

FHAAL LIP e ZE ATEL ZAFE] 7FEA
PAR(TETY ¥ LSPE ol FA7|1, LISAANE A%
E9 F8E5E s F83 AP AF$ g2EAA
AA=T 4709 AFE d3 FR38H LSPRE o] FA]7]
B F Q3R gow LIPE oA zth
AEgas FAHL LSP s ZE AFE9 ndA
MSB(most significant bit)E ZHU=2 A Estste A&
3 ARE wEY wixgoz 3 ©A A FAo
Ae JAGRE oz ZortdA YdstE BESY &9
& dg7x wrEEA "o [2]7[4]

¢

Hr

=

m. ANetgt AL2E

2 =EdME 71 2848 ¢
HE A st 2714

1]

neEe 724 EA
A 7 wAel das el
MES £RE FAAIE $AE 489D 2
2 olest 2e b4 PEe Ade.

L

= 498
e

E2i2t
7 =[log,max,, (c;,)]
LiP: All Root
LSP: Empty
LIS: D's of Root

1C,; 1 MIE 8t
o nPml MSBR S

YRSt A2

n=n-)

09 3. 83 E ¢a8FY A%
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Table. 3. Comparison of compression rate between
JPEG2000 and proposed algorithm

Bit rate 1/2 1/4 | 1/8 | 1/16 | 1/32 | 1/64 [1/100
o_baboon| 32,742 (16,358/8,180{4,036| 2,026 |1,019| 623
p_baboon| 32,452 |16,090/7,997(4,023| 1,982 (1,014 604
o_bird | 28,121 |16,383|8,073(4,018| 2,006 { 993 | 631
p_bird | 23,467 {16,322{8,072|4,058| 2,047 | 1,019| 456
o_lenna | 32,768 |16,384/8,166|4,080| 2,018 |1,018| 653
| p-lenna | 32,645 |16,235/8,076|4,065| 2,016 | 994 | 642
o_f16 | 32,343 [16,2788,101{4,087| 2,037 | 998 | 650
p_f16 | 32,291 [16,2608,064(4,003| 2,033 | 943 | 621
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Table. 4. Comparison of PSNR between JPEG2000
and proposed algorithm

PSNR Efm | 1/2 1/4 1/8 [1/16] 1/32 | 1/64 [ 1/100
o_baboon | 44.96 | 40.05|37.39(36.85/36.03 | 35.62 | 35.43
p_baboon | 40.39 | 38.38 | 36.24 |35.96|35.73|35.52 | 35.35
o_bird 49.50 | 47.29 | 45.50143.98| 42.09 40.0638.40
p_bird 46.66 | 44.49 [42.38 |41.13{40.05|39.13|38.49
o_lenna | 49.00 | 45.03 [42.50|40.24|38.4037.05|36.26
p_lenna | 45.79 [ 43.77 |41.50{39.25|38.00|36.96 | 36.20
o_f16 49.32 | 45.23 | 41.89(39.24|37.2035.54 | 34.80
p_f16 44.04 | 42.00 {40.94 |37.82{36.92|35.32|34.77
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Table. 5. Comparison of result at compression of
100:1



fRoRpEa -

ANed Beg HmiXsE B 64 3 % 2005.7 / 111

A b g
FRAFHE

NO d9g% JPEG2000

baboon

PSNR

bird

PSNR

lenna

PSNR

f16

PSNR - 4.04

V.38 E
B =2RdqAe guids Ala"doX X4 84
< Fd37 dskd JPEG20009] 4felE# A
Fa3te WHoE AFH god g 3zl
E AAE o)&3 /AdE BgHE <y

2

o,
Az ddel g 258 AAZA Rz FPA 9
g %0

sign bitE Folx, LISAAY YARE BAFOE z7)
dAIge] MEE Fadon, 27]FAE dANA T4

t %5 HEE 9 £3538E AMEslY #FaAZe
o, oldd dolEH A F4AFE Uste EBCOT &4
2 [AgEe dolge ZAvE AwtEQl JPEG2000 ¢ 3

o gAE AAA AU
2 Qe Aol Asel Wrtd 24z As) B
d o= AT Wsil e Aoz dasgo, due
YEdd OF §FE Aole Lase] o Jad Ag
A ¥ A% 4% mkol BoAgAE E7547 PSNRS)
Aol 24 ggted, feres SAst= 4 A4

o Aol GEe BAE + RSt
® Q7o B9 U39S Bbedded B8 Ho
2% t2Fde) AN Y §8HoE A48d & 9

£ Aoy, FF Aezmd RE /A4S 3 Embedded
Systemol A Bt} & 4FHE& MY a2y 59 g
Aol Jhsd Aoy 7lgdT

228
{11 A. Said and W. A. Pearlman, "A new fast/efficient
image codec based on set partitioning in hierarchical

trees,” IEEE trans. Video  Technolvol. 6,
pp.243-250,1996.
{21 j. M. shapiro, "Embedded image coding using

zerotrees of wavelet coefficient”, IEEE Transactions

on Signal Processing, Vol. 41, NO.I2, pp.3445 3262
Dec. 1993.

[3] David Taubman, "High Performance Scalable Image
Compression with EBCOT”, IEEE Transaction on
Image Processing, Vol 6, pp. 243-250, 1966.

[4] Maryline Charrier, Deigo Santa Cruz, Mathias
Larsson, "JPEG2000, the Next Millennium
Compression Standard for Still Image”, IEEE 1999

[5] Skodras A, Christopoulos C, and Ebrahimi T, "The
JPEG2000 still image compression standard”, IEEE
Signal Processing Magazin, Volume : 18 Issue : 5,
Sep 2001

[6] David Taubman, "High Performance Scalable Image
Compression with EBCOT” IEEE transac- tions on
image processing, Vol. 9, No. 7, July 2000

[71 $A4E, “JPEG2000 A DY 45 #3535 EF9 o8]
IDEC 2002.

8] 47z, =44, 59, AuI, 279, ‘T=adNE
B4 Add HAFs SPHTZnNES Ade) &%

AT, AEAe
2003.

9] A%+, “duld= /W HAM 7l 5 ", ¥ AAT
&3], 1016-9288, #31¥113%, pp.19-29, 2004.

- A9 stAsteu 3], pl30-133,

A A w(Jin_Man Kim)

2004'd Fotda AAg e F A}
12006 ~ @A Foidgn AAF I A
AL 2

TRk 1 Y AF, HF
Az A

ZRLIE:N

gAd

F % ¥d(Dong-Hyun Jw

20008 soldista Ax}F3tI FoA}
20023 Folgm AAFE | F8HY
A}

| 20049 SolfEn ARFsra whAlge

BARo} 1 G 4, AFE WY, AGAY

A ¥ 9 (Doo-Young Kim)

d Fadistn Axbseta 5 8At
FAdsta dxgetat Fakyat
AEUWSR dx-edy ales
97d "BA Fetd sy AAF S wy
99871999 WE A5 BAAE

2000 8¢ ~ HA ¥ AzAY A= g3
BAEk : gAd AaAg, 944 2 HFEu A,
A8 5




