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High Efficient Entropy Coding For Edge Image Compression

Jong-Woo Han*, Do-Hyun Kim**, Yoon Kim***

Abstract

In this paper, we analyse the characteristics of the edge image and propose a new entropy coding
optimized to the compression of the edge image. The pixel values of the edge image have the
Gaussian distribution around '0', and most of the pixel values are “0°. By using this analysis, the
Zero Block technique is utilized in spatial domain. And the Intra Prediction Mode of the edge image
is similar to the mode of the surrounding blocks or likely to be the Planar Mode or the Horizontal
Mode. In this paper, we make use of the MPM technique that produces the Intra Prediction Mode
with high probability modes. By utilizing the above properties, we design a new entropy coding
method that is suitable for edge image and perform the compression. In case the existing
compression techniques are applied to edge image, compression ratio is low and the algorithm is
complicated as more than necessity and the running time is very long, because those techniques are
based on the natural images. However, the compression ratio and the running time of the proposed
technique is high and very short, respectively, because the proposed algorithm is optimized to the
compression of the edge image. Experimental results indicate that the proposed algorithm provides
better visual and PSNR performance up to 11 times than the JPEG.

» Keyword: Edge Image, Entropy Coding, Compression, Context Based Adaptive Binary Arithmetic
Coding
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Table 1. Size information of format
Format Size Colour Frame Size
Depth

1080p 1920 x 1080 24 6.2MB
2k 2048 x 1080 24 10MB
SHD 3840 x 2160 36 25MB
4k 4096 x 2160 36 40MB
8k 7680 x 4320 36 150MB
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[I. Entropy Coding
1. Outline Of The Entropy Coding
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2. Arithmetic Coding
UREARl Ak FHolA B9l 7] 3 0 ~ 1o| W]

= Alge) why 5o wel Frho ol A4 253
& Q2o gE 1 Aueln, dEE F7o) The HEs)

Aol We7E Hrk. ol S NHRE HITHOE

3. Binary Arithmetic Coding
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Fig. 1. Binary Arithmetic Coding
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5. Adaptive Binary Arithmetic Coding With The
Changed Initial Probability
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Fig. 3. Adaptive Binary Arithmetic Coding with the
Changed Initial Probability

6. Context Based Adaptive Binary Arithmetic
Coding
6.1 OQutline Of The Context Based Adaptive Binary
Arithmetic Coding
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Fig. 4. Encoding Block Diagram of CABAC
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Fig. 5. Decoding Block Diagram of CABAC
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[Il. The Proposed Scheme

1. Edge Image
q G A S A Adte]l AR A
Blur®l 4o zfel& gt} o] F4E Aow vehid 4
(1 2t}
Laige = Lppur — LeaussianBur (2

GaussianBlur

Input Image —_— Blur Image

Edge Map
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Fig. 9. Edge Image (Pixel Value + 128)
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2. Zero Block Coding

o7 g2 13 107 Zo] 08 FALE AR 2
7HA W 2 ko] ‘(01 7A9-7F Wk waka 2

9] I gro] ‘0Ql AS7t v A vl £5
=4 ﬁ% 21]3.0}04 B 01 Aol o] % =
gatA] ¥ ‘Uolgte flage Atk & A 859 &
u4 %}01 ‘01A OP‘H_X]'E— Zero Block Flag® &gt}
Zero Block FlagZl ‘1'o]W & HA Zro] ‘0% 9wjshy, &
27t ‘0’0l ‘0’0 opd Al %kol EAS oujght, we)
A FeAzre] A AQEHE bit ¢ B FY 4 Utk
Zero Block Flage AE9 B4 585 o5 4 7] Wi
o A3t I9S Fee]

LM

10_

e

Rl

L)

N

(e
4 e

3. Prediction Flag
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4. Prediction Mode
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Table 2. Ratio of prediction mode in edge image

Prediction Mode Ratio
Horizontal Mode 25 %
Planar Mode 24 %
Angular 34 Mode 0%
Table 3. Binary table of MPM mode
MPM Nominee Mode Binary
0 0
1 00
2 01

Table 4. Rest mode except for MPM mode and binary
table

Prediction Mode Binary
0 00000
1 00001
2 00010

31 11111

5. Coefficient Coding

A g 39 gk AlG(Coefficient)hal 344 Al
& Faslsly] g8t 79A 9] HAAE et oy 4 x 49
1H E507 Faslo] AFet), webx 4 x 4 W3 8 x 8
1, 16 x 16 W&, 32 x 32 M-S 34 49 242 171, 4
H 167H, 64719 MB EZo= R}

FE



36

Journal of The Korea Society of Computer and Information

4 x 4 Blck Order 1 Orckr 2
Coefficient Order 0 0 1} 0 A 4 Z 4 4 1 -8 4 7 12 B 18
Last Pesition Flag Orcer 2 1 0 0 1} 0 0 1} 0 0 1} 0 0
Significant Flag Orcer 2 1 1 1 1 1 1 1 1 1 1 1 1
Greater Than 1 Orcer 1 1 1 1 1 1 0 1 1 1 1
Greater Than 2 Crder 1 0 1 0 1 1
Remain Coefficient | Order 1 1 1 1 4 z 5 10 5 17
Sign Flag Crder 1 0 0 0 0 1 1 1 0 0 1 0 0

Fig. 11.

5.1 Sub Block Zero Block Flag

Sub Block Zero Block Flage 4 x 4 29 RE 4
o] ‘%A ofdAE YEMILE o] FI1E AgstH
BE0Y A4S 149 bitE AHEEed 741’“ 35k
U A gAE s 7] Wi BdE wd &
t}. Sub Block Zero Block FlagZ7} ‘1'Y 73-‘?— 559
F7F 0o E;E ‘0 A ‘0] ofd
oJu] g}, Sub Block Zero Block Flage &
7] wiol At ZHS FaAgT)

5.2 Last Position Flag

Pav (K2

—All=

s 2] A% 137} vl
£ YERT Last Position

Last Position Flag+
‘0o] opd A=Al thgh o5
Flag& *}&O}L olfr= A ‘0’0 ofd Al AAE HE
W 559 BE AFE FoglelA] gole HER Fodlele
bit = %%ﬂ T W “HTO]E} Last Position Flag7} ‘1°¢1
745 wAE 0] opd AFE efujsi ‘0'Y A9 R E ¢
n)ght}, Last Position Flagt S5E 5T F Q7] Wil
At Y-S FEet.

5.3 Significant Flag

Significant Flagi= Al4=2] #ko] ‘0'S1A] ohd =]
2 Jehdth, 2ot (0 AL A 0o 2
d AL Age 0] ofd ghs Ze
H o]} R5eE FstA] ¥7] Wit
Significant Flage= &E& A5 5 7] v
< g

=
=

i
)
[
N

o . 9
= e

o

Ul
)
S
N
S

o °
ne

= e
%0
o

4
il
N

o2
U
ol

5.4 Greater Than 1 Flag

Greater Than 1 Flage Al5=¢] Adigte] ‘1
AN e S Jeple Zegaolth A o
U & AS- o] ZYE o] Este] ndEsla

w24
| ‘TEe 2A
Y o)t K338}

Coefficient Coding

£ Ak &7] Wi bit $E EY F 9on, i ‘1R
t & 49 (A52)%F dto F-338st7] il o AL bit 5
2 A4S $353818 4 v} Greater Than 1 Flage oA 4

Aol etEES Fol7] Yal 1709 Sub Blockell thale] 1071
9] flage A3t g5

Greater Than 1 Flage 8% T
A7) w4t

S5 FAP,

5.5 Greater Than 2 Flag

Greater Than 2 Flage Al52] Auigte] 2'Hu) 4 &
AAY A& Uehlle Zefaoltt. Al gho] 2R} 2
U 2E A o] ZHYaE ol&ste xdsta ] ol §33)
11333}21 °}7] o bit & &Y & o, E 2R
)3 ske] F-53lsl7] vl o A2 bit
Z 9t} Greater Than 2 Flagis Edge
7] 918 171¢] Sub Blockel tiate] 5
o =%

1ru

—{m
}01'
tot
ru°“

N9 flage AH&-at

5 reater Than 2 Flag:e &%
I 7] wiEel At

ge g,

5.6 Remain Coefficient Coding

e BE L ST T, Aol AFE REaksh] )
A Exp-Golomb °©]XIstE AbgatH -3 F9E& Fagtt,
Exp-Golomb 6218 H5FAtsk Hrlakz ololA) glch. ¥
5% A4 #holl W3k Exp-Golomb ©]X13} Ho|Eolth 4 (2)&

B9 n& 4o A4E, D= nol 43¢ Groupd] IDE 1| g
21 ()2 HFAHE ek 2Jolth UnaryCode 948 w2 ID
& Unary |13} B2 o8 ®dale= otk 4 (e AT
A Index® T8k 2otk 2] (4)9] AHE IndexE -3t4
2 (5)E ol&d) HFHow HuAls ®HIL WriteBitst
ID Z7|9HFe) ¥ E & #8931 IndexE o142 Wdste

grroltt[15].



High Efficient Entropy Coding For Edge Image Compression 37

Table 5. Exp — Golomb binarization

. ) Code
Num Prefix Suffix ) )
(Prefix) + (Suffix)
0 0 0
1 10 0 100
2 10 1 101
3 110 00 11000
4 110 01 11001
B 110 10 11010
6 110 11 11011
7 1110 000 1110000
8 1110 001 1110001
9 1110 010 1110010
10 1110 011 1110011
11 1110 100 1110100
ID= | log,(n+1) | (4] 2)
prefiz = UnaryCode (ID) ] 3)
hdex =n— ((1<<ID)—1) (A 4)

suffiz = Write Bits (Index, ID) (%] 5)
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Table 6. Comparison of the data capacity compared

to the same PSNR

. Capacity of
Capacity of .
Image Proposed Algorithm
JPEG (KB)
(KB)
Image A 110 38.56
Image B 100 8.99
Image C 105 25.97
Image D 101 13.16
Image E 70 17.23
Image F 101 13.87
Image G 100 14.33
Image H 102 31.41

Table 7. Comparison of PSNR compared to the same
data capacity

Average PSNR of
Average PSNR of
Image Proposed
JPEG (dB) )
Algorithm (dB)
Image A 42.21 54.28
Image B 39.35 54.34
Image C 42.58 53.82
Image D 42.79 49.56
Image E 43.94 62.21
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