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A Network-adaptive Context Extraction Method for JPEG2000
Using Tree-Structure of Coefficients from DWT

Hyun-Jun Choi*, Young-Ho Seo** Regular Members, Dong-Wook Kim* Lifelong Members

(ST

£ =&olAE= JPEG20009] EBCOTOA #ehgl Ak agehe AUAE FE3Pgo] dihge Hdarle
WS ARKERATE o] WHE dolgsl W] 549l AlFE] EgFxet 1 AFEY HUEE o83t 54
DARE A8 2 ARG 22 Aleet 2 ABAFES AY2E FERES AXA A k= Flelth
o] AlIgkel F7Iel weh HEAE FES 93 it E9 dlolEYo] Fol=ut g davt AsiAE
At shd mEE vlolERRe] ARA AL dEEnh wEbA o] JAGRE UENZY 84 we xxdd o
gt Agshd eI AeHeR FhT + gle dUXE F2Uo] kst o] e AT 23 +8
& w3k sde] HRI(30dB ool AR 004 4rtolollen, o] Mol At W 3%l 64% S
T 5 3o, SYUlelHe Wd 2% 014 73% 9] HaeS Ho] 588 Wi shde] g3ttt 39 o
A sl HolEE A A8 4 AS Ao fuEth weEbd A e FA 36N it

tlolele] AAIZE T4l Tl v F-83HA AH8E B E V|giEh
Key Words : JPEG2000, EBCOT, DWT, Network Adaptive, Context Extraction.
ABSTRACT

In EBCOT, the context extraction process takes excessive calculation time and this paper proposed a method to
reduce this calculation time. That is, if a coefficient is less than a pre-defined threshold value the coefficient and its
descendents skip the context extraction process. There is a trade-off relationship between the calculation time and the
image quality or the amount of output data such that as this threshold value increases, the calculation time and the
amount of output data decreases, but the image degradation increases. Therefore, by deciding this threshold value
according to the network environments or conditions, it is possible to establish a network-adaptive context extraction
method. The experimental results showed that the range of the threshold values for acceptable image quality(better
than 30dB) is from O to 4. The experimental results showed that in this range the resulting reduction rate in calculation
time was from 3% to 64% in average, the reduction rate in output data was from 32% to 73% in average, which
means that large reduction in calculation time and output data can be obtained with a cost of an acceptable image
quality degradation. Therefore, the proposed method is expected to be used efficiently in the application area such

as the real-time image/video data communication in wireless environments, etc.
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Fig. 1. Block diagram of JPEG2000 image compression system
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0 significance state
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T visited
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Table 2. Four coding for context formation

Coding Context choice
Zero coding (ZC) 0~38
Sign coding (SC) 9~ 13
Magnitude refinement coding (MRC) 14 ~ 16
Run length coding (RLC) 17 ~ 18

E 3 4 daIde AT AeA
Table 3. Process order for each pass coding

Coding
RLC SC ZC MRC
Pass
SPP @ @
CUP ) @ &)
MRP @D

2.3 EBCOTL| oiftzk 3l 7|= oift
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I 4. JPEG20009] 7 3ol thahk Gt Aol Hl&
Table 4. Rate of computation cycles for each step in
JPEG2000

Computation cycle percentage(%)

Operation Gray scale image| Color image

Lossless| Lossy |Lossless| Lossy
Color transform N.A. N.A. 091 14.12

DWT 10.81 26.38 11.90 | 23.97
Quantization N.A. 6.42 N.A. 5.04
Context

EBCOT| Extraction 51.88 | 3791 | 4996 | 31.76

Tier 1 [MQ Coder| 19.75 | 14.35 19.33 | 12.06
Total 71.63 | 52.26 | 69.29 | 43.82
EBCOT Tier 2 17.75 | 1495 | 17.90 | 13.01
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Fig. 5. The tree structure of the result from 3-level DWT
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=5 /DWT A9 EgFXE o] 83 Y EZ-333 JPEG2000 ABAE S35

PreProcessing_SC_Selection{} E 5 A39Ag Aoz ddd SCok IC MNE4ST=1)
input: XYi, ST Table 5. Number of SCs and ICs determined by the
output: SCMap_XYi preprocess (ST=1)
begin {
for each subband of XYi { Sub SC IC
initialize SCMap_XYi as nulls; ub-
; Gold- | Wo- Gold- | Wo-
for each coefficient Cp,q {
if pggenz(Cp,q} was Iq ZC@’en band | Lena hill man Lena hill man
dse o ool LL4 | 950 | 943 | 951 | 74 | 81 | 73
égA;fPOXYl(P q)="1C’; HL4 | 636 887 684 388 137 340
else LH4 | 858 747 782 166 277 242
SCMap_XYi(p, q)='SC’; }
send SCMap_XYi to ContextExtraction{}; } HH4 796 785 785 228 239 239
if i=1dthen HL3 | 2133 | 3298 | 2285 1963 798 1811
end;
else LH3 | 2961 | 2285 | 2631 1135 1225 1465
l;l'J;, ing_SC._Selectionf}; | HH3 | 2926 | 2871 | 2800 | 1170 | 1023 | 1296
reProcessin, election{};
87 HL2 | 8800 | 12523 | 8740 | 7584 | 3861 | 7644
12! 7. A Az 2 LH2 | 11344 | 11114 | 9774 | 5040 | 5270 | 6610

Fig 7. The proposed pre-process procedure HH2 | 12747 | 12169 | 11484 | 3637 | 4215 | 4900

HL1 | 41794 | 48082 | 31439 | 23787 | 17454 | 34097

ContextExtraction_XYi {} LH1 | 51183 | 45353 | 35898 | 14353 | 20183 | 29638
input: XYi, SCMap_XYi

output: context and decision values HHI1 | 55166 | 49812 | 35868 | 10370 | 15724 | 29668
bgﬁ;’,‘ Lo code_block | Total | 192249 | 191657 | 144121 | 69895 | 70487 | 118023

for each bit_plane {
for each coding-unit {
for each coefficient Cp,q {

ifSCMap_XOYi(p, q)=IC then e 1F R E 20~40% 2 F=5t] =
context="0";

decision="0’; AFurtddel LL4o] AUX7E JAEEH] de-S
else

proceed normal context extraction process; ?:-_]' —}F‘ ohjr

}H

" SO — E3 54 EFERE olfe FUdEelA] 1
ggm8?.£li§ngiﬁlt§ei:2tion procedure e AT Fojee R s wopAu o vl
2 ¥EA A et E3E 4 EgTx
AXE FZHHS AXH, o] o T4 'I1C° Al o] IC HI&2 1 ] WEHdel wEt ko] M=
FHE 002 T YA PUZE = 55 & F Atk dE 59| Lena¥de] A
AL o o] AHoz gialshH, o g & HL4, HL3, HL2, HL19 IC K4+ 22t 388,
o ANEH 412 FAEFEE 1 B =RAE 1963, 7584, 237872 =7}, 1 ngf 37.89%,
AE Ayt 47.92%, 4629%, 36.30%= Ztz Yepdch 53
LH4, LH3, LH2, LH19 IC /W&E 22 166,
V. 48 ! g} 1135, 5040, 14353% UrEhHM_EtL o Hge

16.21%, 27.71%, 30.76%, 21.90% ©]c}.

2 =74 Ade wel AFS 98] A aY 9% ST#S 22 siis o Al G2l oish
g A7 AH2E FEHE C-Aoj2 733 g B9E e vwd adgoloh sT=2d
i, B A7 wlE] 738 JPEG2000 AlZ=F o] HF 3PS ok 38.7dBollem, 1HY A
9] 'S‘HD} AR APt AL Pentium IV GA}oll A Lena®] 170Ut Goldhill®] A& SollA <k
2.8GHz A Fdatqiom, Aol AHd o 7] g3t By ¥ s & 9 FA &%
*0—3— 512x512 =719) 50070 FFECIULE °] F < ¢ & Uk
2 AoME 1SO EF942 Lena, Goldhill, Wo- I8 10904 STES 1914 471A] ¥HElslie
man®] Al FFE d2 Eo] AWEE it fo] EdE Lena ¥4 Holxu Ut} ST 5

3 59AMe o] Al d4E 4-d %l ol &8l W 7VE4E Lena®| o, BAl, 3o YFEolA At
sk & Akt HEMBMM w2} sce} Ic2 Z Agt gstgdido] vehdS & 5 o, olEZx F
AE AFSS Fod B2 A 0= o] w9 59} HlwE o STgke] F7Fgel wah dakde]
ST= ’I’°|it} & l/\i E 4 3150l LL4oA 9] a5 Al sldo] hAdhke dRZAQD BAE
ICY] vl 7~8%°] &3} LH4, HL4, HH4S] 1T 4= Utk
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(@) (b)

(c) (d

J8 9. sT=2¢ wje 34 BI2E Ak ()€ Lena 97, (b) 9% Lena 9%, () ¥ Goldhill 9%, (d) %1% Goldhill 97
Fig. 9. The results from quality tests when ST=2; (a) original Lena image, (b) reconstructed Lena image, (c) original Goldhill

image, (d) reconstructed Goldhill image

(@) (b)

E 6. Taubman WHZS] AAIZE vl

Table 6. Comparison of calculation time with Taubman method

(© (d)
21 10. ST wet 299 Lena FAE; (a) ST=1, (b) ST=2, (c) ST=3, (d) ST=4
Fig. 10. Reconstructed Lena images according to ST values; (a) ST=1, (b) ST=2, (c) ST=3, (d) ST=4

Taubman This paper
. CPU time Data rate
Image CP(lie:)me D?lt; t:)ite ST #; Cosf Value Reduct. Value Reduct.
(sec) rate(%) (byte) rate(%)
0 262144 0.246 0 157,020 0
1 192249 0.236 4.07 115,455 26.47
Lena 0.246 157,020 2 132212 0.164 33.30 79,303 49.49
3 94001 0.115 53.25 56,279 64.16
4 68581 0.084 65.85 40,997 73.90
0 262414 0.241 0 155,551 0
1 191657 0.234 2.35 113,540 27.00
Goldhill 0.241 155,551 2 138090 0.171 29.05 81,868 47.37
3 104186 0.126 47.72 61,726 60.32
4 78937 0.099 58.92 46,852 69.88
0 262144 0.183 0 125,216 0
1 144121 0.179 2.19 68,300 45.05
Woman 0.183 125,216 2 91680 0.113 38.25 43,781 34.97
3 64625 0.080 56.28 30,841 75.37
4 48059 0.061 66.67 22,602 80.95
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