= 14-39A-11-01 The Journal of Korean Institute of Communications and Information Sciences ’14-11 Vol.39A No.11
http://dx.doi.org/10.7840/kics.2014.39A.11.625

Aolugl Aol wEg-oF H3} AP 2 PE3}E
olgah T P gk P

o

. PN
FRHE, B RT

Embedded Image Compression Scheme Using Rate-Distortion
Optimized Block Coding of Wavelet Coefficients
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ABSTRACT

In this paper, we propose a new embedded image compression scheme which uses rate-distortion optimized
block coding of wavelet coefficients. Unlike to previous works in which set-partition or block-partition is
performed according to the magnitude of wavelet coefficients, the proposed scheme achieves rate-distortion
optimization by sorting wavelet coefficients or blocks according to their expected rate-distortion slope. At the
same time, it performs the optimized block-partition coding using the expected rate-distortion slope of blocks.
The proposed scheme also uses various relationship of wavelet coefficients for the entropy coding. Experimental
results demonstrate that the proposed image compression scheme provides better overall performance than the
existing embedded coding schemes such as SPIHT and EBCOT, in which the PSNR gains of the proposed
scheme are about 0.11~1.16dB and -0.18~0.52dB, respectively.
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For each entry B in LIB
1. Calculate A, using As, Aq, and Equation (10)
2. If A>Tk
2.1. If(w==Lg)
2.1.1. Encode Sti(B)
2.1.2. Update Ti, Ti+1=Ti/2
2.1.3. If Su(B)==
2.1.3.1. Add 4 sub-blocks to LIB with
Tk+1
2.1.3.2. Remove B from LIB
2.2. Else
2.2.1. For each coefficients c;; in the block
2.2.1.1.Calculate A, using Equation (9)
2.2.1.2. If A>Tk
- Encode Stx(cij)
- Update Ti, Ti+1=Ty/2
- If Sti(ciy)==1
* Encode the sign of cij
* Add Cij to LSP
- Else
* Add Cij to LIP
2.2.1.3. Else
- Add cij to LIP
2.2.2. Remove B from LIB
3. Else

3.1. Go to the next entry in LIB

O 7. LB AY ¥4
Fig. 7. LIB sorting procedure

]l F33p7) sEck a9 7 LB AY 74
5 HolErh

3.2.4 LSP HH chy

LSP AA| &A1= LIP ¥ LIB AE HAE S =
Q3 AE AleSe gk AA v EES 1353}
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%
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=0.2577

_ 2
(1=p)(0.57}) an
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For each entry c;; in LSP
1. Calculate A; using Equation (19)
2. If Ak
2.1. Encode n-th bit of |cijl, n=log>T«
2.2. Update Tx, Tx+1=Ti/2
3. Else
3.1. Go to the next entry in LSP

a2 8. LSP AAl =4
Fig. 8. LSP refinement procedure

EAR]=H(p,) (18)
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Table 1. PSNR comparisons of RDBC according to wavelet filters
Lenna(512x512) Barbara(512x512)

Bit Rate D;;gb Daub6 | Daub8 1\;1/112(1) l?.(;r 1361.(; Bit Rate Dgz;l;b Daub6 | Daub8 1\;1/1;?) l?.(;r B;;r
0.0625 28.6 | 27.56 | 27.79 | 28.59 | 28.27 | 28.62 | 0.0625 235 | 23.11 | 23.17 | 23.53 | 23.36 23.54
0.125 | 31.43 | 30.39 | 30.58 | 31.49 | 31.15 | 31.51 | 0.125 | 2528 | 24.76 | 24.88 | 25.46 | 25.14 | 25.51
0.25 34.48 | 335 337 | 34.51 | 34.07 | 34.6 0.25 28.24 | 27.56 | 27.8 28.5 28 28.57

0.5 37.6 | 36.81 | 37.02 | 37.6 | 37.16 | 37.67 0.5 32.11 | 31.13 | 31.54 | 32.47 | 3195 | 32.56
1.0 40.65 | 40.19 | 40.32 | 40.63 | 40.32 | 40.71 1.0 37.14 | 36.33 | 36.71 | 37.56 | 36.75 | 37.56
Goldhill(512%512) Bike(2560x2048)

Bit Rate D;;l;b Daub6 | Daub8 lVSl/lie(‘) E;l.(;r Eg;r Bit Rate D;;l;b Daub6 | Daub8 1\;1/1;?) E;l.(;r Eg(;r
0.0625 | 26.87 | 26.2 | 26.13 | 26.88 | 26.73 | 26.92 | 0.0625 | 23.61 | 23.23 | 23.27 | 23.64 | 23.55 | 23.58
0.125 | 28.69 | 28.16 | 28.16 | 28.65 | 2829 | 28.71 | 0.125 | 26.36 | 25.64 | 25.79 | 26.08 | 26.05 | 26.29

0.25 30.79 | 30.35 | 30.35 | 30.67 | 30.56 | 30.77 0.25 29.59 | 29.16 | 29.19 | 29.45 | 29.15 | 29.65

0.5 33.41 | 32.98 | 32.98 | 33.37 | 33.06 | 3345 0.5 33.6 | 33.13 | 33.14 | 33.39 | 33.09 33.58

1.0 36.76 36.5 36.5 36.85 | 36.11 | 36.87 1.0 38.16 | 37.83 | 37.82 | 38.06 | 37.64 38.16
Cafe(2560%2048) Woman(2560x2048)

Bit Rate D;;l;b Daub6 | Daub8 1\;1/1;?) ]?(;r B;;r Bit Rate D;;b Daub6 | Daub8 1\;1/11?) ]?(;r B61.Zr
0.0625 | 19.14 | 18.97 19 19.08 | 18.95 | 19.14 | 0.0625 | 25.54 | 25.36 | 25.42 | 25.52 | 25.34 | 25.62
0.125 | 20.88 | 20.63 | 20.65 | 20.83 | 20.74 | 20.9 0.125 | 27.42 | 27.12 | 2723 | 275 | 27.26 | 27.52

0.25 23.23 | 23.07 | 23.1 | 23.17 | 23.15 | 23.19 0.25 30.13 | 29.69 | 29.84 | 30.14 | 29.88 | 30.21
0.5 27.06 | 26.69 | 26.73 | 26.87 | 26.57 | 27.08 0.5 33.86 | 33.42 | 33.56 | 33.92 | 33.48 | 33.96
1.0 3243 | 32.02 | 32.03 | 32.35 | 31.89 | 32.43 1.0 38.71 | 38.27 | 38.39 | 38.55 | 38.44 | 38.72
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E 2. RDBCS} t}& gtie ok uhizle] PSNR H|L

Table 2. PSNR comparisons between RDBC and other embedded image compression schemes

Lenna(512x512) Barbara(512x512)

Bit Rate | SPIHT | EBCOT RD;;;(D R])fsc)(B Gain 1|Gain 2| Bit Rate | SPIHT | EBCOT E?;; ?}]3)685) Gain 1 |Gain 2
0.0625 | 28.38 28.1 28.6 28.62 0.5 0.52 | 0.0625 | 23.35 | 23.34 235 23.54 | 0.16 0.2
0.125 31.10 | 31.05 | 3143 | 31.51 | 038 | 046 0.125 2486 | 2537 | 2528 | 2551 | -009 | 0.14
0.25 34.14 | 34.16 | 34.48 34.6 032 | 044 0.25 27.58 28.4 28.24 | 28.57 | -0.16 | 0.17

0.5 37.25 | 37.29 37.6 37.67 | 031 0.38 0.5 31.40 | 3229 | 32.11 | 32.56 | -0.18 | 0.27

1.0 4045 | 4048 | 4065 | 40.71 | 0.17 | 0.23 1.0 36.41 37.11 37.14 | 37.56 | 0.03 | 045

Sum - - - - 1.68 | 2.03 Sum - - - - -0.24 | 1.23
Goldhill(512x512) Bike(2560%2048)

Bit Rate | SPIHT | EBCOT ?]?9]/37(): E;BSC) Gain 1|Gain 2 | Bit Rate | SPIHT | EBCOT 1(1[]))9]/3; E({];Bg Gain 1|Gain 2
0.0625 | 26.73 26.6 26.87 | 2692 | 027 | 0.32 | 0.0625 | 2344 | 23.78 | 23.61 2358 | -0.17 | 02
0.125 28.48 | 28.51 28.69 | 28.71 | 0.18 0.2 0.125 25.89 | 2637 | 2636 | 2629 | -0.01 | -0.08
0.25 30.56 | 30.59 | 30.79 | 30.77 0.2 0.18 0.25 29.12 29.6 29.59 | 29.65 | -0.01 | 0.05

0.5 33.13 3325 | 3341 3345 | 0.16 0.2 0.5 33.01 33.46 33.6 3358 | 0.14 | 0.12

1.0 36.55 36.59 | 36.76 | 36.87 | 0.17 | 0.28 1.0 37.70 | 38.09 | 38.16 | 38.16 | 0.07 | 0.07

Sum - - - - 0.98 1.18 Sum - - - - 0.02 | -0.04
Cafe(2560%2048) Woman(2560%2048)

Bit Rate | SPIHT | EBCOT 1({]?9]/37? ?]?GBSC) Gain 1|Gain 2 | Bit Rate | SPIHT | EBCOT ?1?9]/37? ?];Bgc) Gain 1|Gain 2
0.0625 | 18.95 19.06 | 19.14 19.14 | 0.08 | 0.08 | 0.0625 | 2543 | 25.63 | 2554 | 2562 | -0.09 | -0.01
0.125 20.67 | 20.82 | 20.88 20.9 0.06 | 0.08 0.125 2733 | 2739 | 2742 | 2752 | 0.03 | 0.13
0.25 23.03 232 23.23 | 23.19 | 0.03 | -0.01 0.25 29.95 30.04 | 30.13 | 30.21 | 0.09 | 0.17

0.5 2649 | 26.87 | 27.06 | 27.08 | 0.19 | 021 0.5 33.59 337 3386 | 3396 | 0.16 | 0.26
1.0 31.74 | 32.03 | 3243 | 3243 0.4 0.4 1.0 38.28 | 3849 | 3871 | 3872 | 022 | 023
Sum - - - - 0.76 | 0.76 Sum - - - - 041 | 0.78
E ARSSklS wf Agedde] AA nESelA < A7) fle AAR AR v ES g o] A
SPIHTS} wlslel §401 45& AFl  ME /PSS PCRD HASE AT, we ¥

Daub9/7 FE}E AHE8h= Z-felli= °F 0.11~0.73dB
o] As¥E Holv, Bior6.8 BEE AHESh= A4
o= <F 0.14~1.16dB2] A%534HS walch

¥ 28 o A 2 oA WA 23”1 Gain 17
Gain 2+ 72 RDBCel| Daub9/7 ZE|¢} Bior6.8 2
S A-831950S wje] A3} EBCOT?] 455 vl
st} 18- 4= 9Ji= PSNR ©]5-2- HojFr) F 204

<13t 4= gJ%¢], RDBC+ EBCOTS} H|w3le] 2

Ao 8t Ades ATt 53], Lennatt
Goldhill#} 7ro] egxhfe] wFa} AJfo] 2-& a3}

o] Agells BE vESAM 558 A5 Al
glc}. ¥bH ol Barbarat} Bike2} #o] 3153} A o]

o

[}
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