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[Abstraci]

Binary MQ arithmetic coding is widely used recently as a basic entropy coder in multimedia coding system. MQ coder esteems
high in compression efficiency to be used in JBIG2 and JPEG2000. The importance of arithmetic coding is increasing after it is
adopted as an unique entropy coder in HEVC standard. In the binary MQ coder, arithmetic approximation without multiplication
is used in the process of recursive subdivision of range interval. Because of the MPS/LPS exchange activity happened in MQ
coder, output byte tends to increase. This paper proposes an enhanced binary MQ arithmetic coder to make use of a lookup table
for AQe using quantization skill in order to reduce the deficiency. Experimental results show that about 4% improvement of
compression in case of JBIG2 for bi-level image compression standard. And also, about 1% improvement of compression ratio is
obtained in case of lossless JPEG2000 coding. For the lossy JPEG2000 coding, about 1% improvement of PSNR at the same

compression ratio. Additionally, computational complexity is not increasing.
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Fig. 1. Example of arithmetic coding.
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Fig. 2. Arithmetic coder inputs and outputs.

2357| A2t 5,

AAle] 7k gho] PYHUIE gloll o8] F F)e] Frroz B
gy RS 28k ol A MPS 9] 7RE2 LPS KU} ]
ol 91X g},

AHE Az wlol2x(C dIXIz=Eol At 3k (A

A 2Bl A oz BAEL Bas Ave &8 e
EFL Hlo]20) g 717 =S WA 55} 27
HolC)E 002 2733, FHAYS ARSRE
0.75(Hex == 0x8000) %2 Z7]3Heth 77HA) 075 < A <
158 fA2 5 Q=S Do Adatehe Fasic 5 A g

o] 0.755. 0} 2Fo W A¢ES 28l = 3}a1, CRLE Agke] 287} &
uf] who} A 2l &= HEo] Fk o]k 2S5 A Fh0] 0751
o} & wj7hA] 9HEA Al AGIX] 2~E = 160 ER T4
1, C gIX| 2B 320 E L] o) & ZHe & t-53) gho] A
Eia=8

C-Z A 2=E: 0000cbbb bbbbbsss XXXXXXXX XXXXXXXX

C AIA2=H Y 319 16H| EE A BIA~HEHH | vlo]EX
LSBell AIZE =€ =31, A telE 73 Foll 7R-E 4kel 0

o] =¥ b#1X]€] 1 ¥lo|E 3h& S(BYTEOUT) A1tk C ©l

A 2=E] )| A AAE o] 22 vjo]E] & W] ol $IX|A|ZIL]

LPS A &5 o5 gho] Qe 2haL oPH, B&E 7IHA)S
ok 4] (3)°ll 2] &) -3

MPSof| th gt B-3he 17F = 4- (4 x Qe) 5
LPSol 3t 2l 70 — A x 0e ©)

21 3l A md= v Ent) $hH o) FAlo] FasleE A

abeko] W), whaha], A Fho] 1ol 7Mgtlar 718k A x Qe

Qe ARSItk 719 THo]. whebA, 1 3)ell A 34l
el & A (4)9} o] A3l

Qs
[
—\f__
KeN
=

“4)

MPS7} F-35.31E
Qesl @tel Baiaet
2 746k, C gk Wik

=, TR A-Qe® Aaslal, C el
dhdel, LPS7} &8k mji=, 77hE Qe

gl

Feth A ghol 07510} ﬂo}x}‘ﬂ

] %
ASh C ghe A TsE Fo At e, A4 s
st uf, MPS2] #8 F-7HT} LPSe] #a Y7o B 2 7
7} A4 5= ik ol & B, wkeF Aol 73k] 075, Qe %M

0.52}aL 3PH MPS2] #& F7Fo] 0.25, LPS2] #& +71+2] 0.5
7} #ek o]} 2 A7]9] 9HE W] $I8ke], LPS Tk
MPS 3t} & wi= MPS$} LPSE Bt} ©] MPS/LPS



|

3F
=

I

Z5- gtk AP tshrt e wol vk Ay e 4= gl

8

i

2-3 2Z1 MQ 22| MPS 57| (CodeMPS)
T30 Bl AXT 4= BIET MPS(CX)<F 2S o] 53
A}k F7HA) gho] B E o] A-QeE HAE T WA A gho]
0.752.0F 23 W] (C) #ho] Qe W S7Fetel. =i, 3k
A Frol 0.7515 ) 2o A-Qest Qe H| kA Frk o 74,
A-Qe7} QeRtl 2H2 7 9- LPSQ] #-3F 7ol W Qe o2
A #o] AR &, 8k o) 7t G E A s MPS
O} LPS T7HS A& ulftolEn). ey whle] 9ol = Cak
o7k Qezte]l HalFITh M2 192 [(CX)E= NMPS(I(CX))

gho.z B AR ololA ARiFel7 A,
2-4 2Z1 MQ {9 LPS 57| (CodeLPS)

“19] 4ol Kl A o] {1 HIESH MPS(CX)7F A=
£ ) 58ET) of7)A, CX= HEAES ou]shH H]ET] 9
e uf CX gho] I A7tk AYAES A lys
[(CX) 27E] A4 LPSS] F& o5 Qe(I(CX)) 7k Yol
t}h LPS H-5 A0 Qe7} A-Qe B} T ATh= A& 247 9la]
Hlaago] sziet. A HA~Eell= Qest A-Qe Foll A 2
2 ko] JE = a1, ¢ #A2E ol QeZt A-Qe B} 2R 7S
o= el C #tell Qe #ke] BlaizIth Wil = A-Qe”} Qe X
o} 28 79 gk WA ksth ool A, Qg (CX)ell
g SWITCH & =17} 12 Wb, MPS(CX) gkel uh 7] =
=] MPS7Fo°I1 o™ 15, 10]91.0W 002 nho] A Frh Af
2 Q€= [(CX)E NLPS(I(CX)) #hozie] 2 o]
2 2073 713K renormalization) 2} o] 2 ST},

CODEMPS
A=A —Qe(I(CX))

C=C+ Qe(I(CX))

C = C + Qe(I(CX))

A = Qe(I(CX))

I(CX) = NMPS(I(CX))

RENORME

Done

a3 3. MPS #3535t 1y
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Fig. 4. CodelLPS procedure.
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E 1. LPS =& o|% Hol2
Table 1. LPS probability estimation table.

Index (I(f;) ( degfnal) NMPS | NLPS | Switch
0 0x5601 | 0.503960 1 1 1
1 0x3401 | 0.304729 2 6 0
2 0x1801 | 0.140656 3 9 0
3 0x0acl | 0.063015 4 12 0
4 0x0521 | 0.030054 5 29 0
5 0x0221 | 0.012475 38 33 0
6 0x5601 | 0.503960 7 6 1
7 0x5401 | 0.492240 8 14 0
8 0x4801 | 0421924 9 14 0
9 0x3801 | 0.328168 10 14 0
10 0x3001 | 0.281290 11 17 0
11 0x2401 | 0.210973 12 18 0
12 0x1c0l | 0.164095 13 20 0
13 0x1601 | 0.128937 29 21 0
14 0x5601 | 0.503960 15 14 1
15 0x5401 | 0.492240 16 14 0
16 0x5101 | 0.474661 17 15 0
17 0x4301 | 0421924 18 16 0
18 0x3801 | 0.328168 19 17 0
19 0x3401 | 0.304729 20 13 0

20 0x3001 | 0.281290 21 19 0
21 0x2801 | 0234412 2 19 0
2 0x2401 | 0210973 23 20 0
23 0x2201 | 0.199254 24 21 0
24 0x1c0l | 0.164095 25 22 0
25 0x1801 | 0.140656 26 23 0
26 0x1601 | 0.128937 27 24 0
27 0x1401 | 0.117218 28 25 0
28 0x1201 | 0.105498 29 26 0
29 0x1101 | 0.099638 30 27 0
30 0x0acl | 0.063015 31 28 0
31 0x09cl | 0.057155 32 29 0
32 0x08al | 0.050563 33 30 0
33 0x0521 | 0.030054 34 31 0
34 0x0441 | 0.024927 35 32 0
35 0x02al | 0.015405 36 33 0
36 0x0221 | 0.012475 37 34 0
37 0x0141 | 0.007348 38 35 0
38 0x0111 | 0.006249 39 36 0
39 0x0085 | 0.003044 40 37 0
40 0x0049 | 0.001671 41 38 0
41 0x0025 | 0.000847 4 39 0
42 0x0015 | 0.000481 43 40 0
43 0x0009 | 0.000206 44 41 0
44 0x0005 | 0.000114 45 42 0
45 0x0001 | 0.000023 45 43 0
46 0x5601 | 0.503960 46 46 0

MPS: A=A ~LUT(4Qe), C = C + LUT(AQe)

(6)
LPS: A= LUT(AQe)
2l(6)] AL a1 fleiM = S HlolEe] Zagh), Qe
G A o RE ANE Fol FHlolE g Tohs

= U} o] AlQkeiet. WA A1t 8k AAIZE 5l A 319
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18 6. 228 AXfst wH (N=2)
Fig. 6. 2-level quantization method (N=2).
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0x8104) Ato] o] ghs- 21| Tk

AR, A S22 P& uf, 1H 62 A S VTS
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2 78, AQel b A WA 7] Skl 0x50A2=
At AQe2& F WA F11o] F4ukR] 0x70E3 0.2 AA
ok s o2 2)(7)3 2ol AQei T} AQe; #h& A Tt

A =(1.5-0.75)/2 = 0.3752}aL & o,

if’ (0x8000 < A < 0xC000) then
AQel[I(CX)] = (1/2)A x Qe[I(CX)] %)
else AQes [I(CX)]= (3/2)A x Qe[l(CX)]

7} 19 2= 2 AQe; 7 AQe & T3] FHol &S 28}
o] AH-= 7 20 BT

T AR ERE S 42 P8 w, A G VISR T
73} 7o) 470] FEo R FEghe) Qe gho] 0 Y wh, AQel
~ AQe4 = 1o Fdgto g AASI=T), AQel = 0x4891,
AQe2 = 0x58B2, AQe3 = 0x68D2, AQe4 = 0x78F3°] -3 It}

dukr o 2 24|(8)3} 7+o] AQel ~ AQed 7S AT} 7+ 2l
g~ 2 AQe #hs Tt S EHOIES WHETE L UNE X
30 Bk
E 2. AQe =% H|OIE (N=2)
Table 2. AQe lookup table (N=2).
ﬁlgg AQel AQe2 NMPS | NLPS | Switch
0 0x50A2 0x70E3 1 1 1
1 0x30C1 0x4442 2 6 0
2 0x1681 0x1F81 3 0
3 0x0A15 0x0E1D 4 12 0
43 0x0008 0x000B 44 41 0
44 0x0004 0x0006 45 42 0
45 0x0001 0x0001 45 43 0
46 0x50A2 0x70E3 46 46 0

| | | |

\ = |

AQe2 ‘ AQe3 [ AQed
0xBO00 OxAGD0 CE00 OxE000 0513000

O 7. 4208 AXi=t 2 (N=4)
Fig. 7. 4-level Quantization method (N = 4).

E 3. AQe SYH|0|Z (N=4)
Table 3. AQe lookup table (N=4).

Il?g% AQel | AQe2 | AQe3 | AQe4 I;];I I;é SCV}VI“
0 | 0x4891 | 0x58B2 | 0x68D2 | 0x78F3 | 1 | 1 | 1
| | 0x2BEI | 0x35A1 | 0x3F62 | 0x4922 | 2 | 6 | 0
2| 0x1441 | 0xISCI | 0xID41 |0x21C1 | 3 | 9 | 0
3 0x0912 | 0x0B17 | 0xOD1B | 0xOF1F 4 12 0
43| 0x0007 | 0x009 | 0x000A | 0x000C | 44 | 41 | 0
44| 0x0004 | 0x0005 | 0x0006 | 0x0007 | 45 | 42 | 0
45 | 0x0001 | 0x0001 | 0x0002 | 0x0004 | 45 | 43 | 0
46 | 0x4891 | 0x58B2 | 0x68D2 | 0x78F3 | 46 | 46 | 0

TAE EEO|ES T F AR ost S ue A ¢
o] W olof whe} FPE|oE2] AQe LS H-L5] ANtglo =z
W 3L FslA eho v Alko] A BoluA] ekt
A=(1.5-0.75)/2 = 0.3752}3L & uf,

if (0x8000 <A < 0xA000) then
AQe: [I(CX)] = (1/2)A x Qe[I(CX)]
else if (0xA000 <A < 0xC000) then
AQe; [I(CX)] = (3/2)Ax Qe[I(CX)] ®
else if (O0xC000 <A < OxE000) then
AQes [I(CX)] = (5/2)A x Qe[I(CX)]
else  AQey [I(CX)] = (7/2)A x Qe[l(CX)]
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Fig. 8. Binary text image used for simulation.
(a) CCITT1 document (b) CCITT4 document
(c) CCITT5 document (d) CCITT7 document.
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Fig. 9. Binary Hangul text used for simulation.
(a) h1 document (b) h2 document
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Table 4. Compression Results for binary text image

original | 2-level | . 4-level | .
File Size | MQ MQ ‘m?;"ve MQ ‘mff;o"e
®B |« | P | kg |
CCITT1 49.5 48.1 2.8 48.4 22
CCITT4 152 147 3.3 148 2.6
CCITTS 97.3 96.4 0.9 96.4 0.9
CCITT7 165 164 0.6 163 1.2
h1l 200 68.3 66.4 2.8 65.4 4.2
h1l 300 138 136 14 136 14
h1l 400 233 229 1.7 230 1.3
h2 200 71 68.5 3.5 67.7 4.6
h2 300 146 143 2.1 144 1.4
h2 400 245 239 2.4 241 1.6
E 5. JBIG2 AlE Z1}
Table 5. Experimental results for JBIG2.
original | 2-level | . 4-level | .
File Size | MQ MQ ‘m‘;;‘“’e MQ ‘m{’;‘we
) | ®3) | 0 | xm | P
CCITT1 16.6 15.6 6.0 15.6 6.0
CCITT4 232 21.7 6.5 21.6 6.9
CCITTS 34.1 32.6 4.4 32.5 4.7
CCITT7 63.2 58.7 7.1 58.6 7.3
h1l 200 19.6 18.3 6.6 18.3 6.6
hl 300 27.3 259 5.1 259 5.1
hl 400 36.2 34.7 4.1 34.5 4.7
h2 200 21 19.7 6.2 19.6 6.7
h2 300 29.9 28.7 4.0 28.6 43
h2 400 39.5 38.2 33 38.1 35

g 10. AlSHo|Mol ALRE FX|GA
Fig. 10. Still images to be used for simulation.

(a) Monarch
(d) Cablecar
(g) Goldhill

(b) Lena (c) Man
(e) Girl (f) Zelda
(h) Baboon (i) Barbara
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Table 6. Experimental results for JPEG2000(lossless).

® 6oﬂ 111/\16}

E7_O_

o Raw | Orig. | 2-level improve 4-level improve
File Size | Image | MQ MQ %) MQ %)
(KB) | (KB) | (KB) (KB)
Airplane 786 378 374 1.08 373 1.20
Baboon 720 569 563 1.14 562 1.30
Babara 1,244 645 638 1.04 637 1.16
Cablecar 737 363 360 1.00 359 1.18
Goldhill | 1,244 673 666 1.07 665 1.20
Flowers 543 313 310 0.98 309 1.15
Lena 786 445 440 1.12 439 1.24
Monarch 1,180 442 438 0.96 436 1.12
Cats 6,292 1,988| 1,967 1.06| 1,963 1.22
Zelda 1,360 594 587 1.02 586 1.15
Girl 1,244 597 591 1.05 590 1.18
Man 1,049 632 625 1.10 624 1.24

B 7. &4 JPEG2000 A& ZT} (rate = 0.05)
Table 7. Experimental results for JPEG2000 (lossy
compression; rate=0.05).

PSNR Cor;li];reess. Original 4-level MQ | improve

(Byte) MQ (dB) (dB) (%)
PSNR-G PSNR-G

Lena 39,278 36.07 36.45 1.05
Babara 62,132 36.06 36.39 0.92
Cablecar 36,659 35.78 36.09 0.87
Goldhill 62,016 35.88 36.21 0.92
Monarch 58,903 40.38 40.77 0.97
Zelda 67,588 41.00 41.42 1.02
Cats 314,482 34.99 35.35 1.03
Man 52,386 32.55 32.86 0.95
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