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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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RyJell sl o® 54) (16)° we} A7} Ak
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& 5 glom], Ao} BlES-o)F QAR 1] Hla

B3l #53} o] 37} A4k RDBCoAE Ao
o] MinrTh 2 Agelt B2 233hE S5t
54 (10)°l) wek A7k A2 ARE Aol HEe)
Fow 458, 25| 27] odAlgh A4 el 53
v, G e R Be] Fows} 19 Bl 25
Bk BBl 1B g|AE 3, dx] B2 ke
Lo 9lzdo] s}Ao] ukEE ) ubHol| A2 Zho] ik

2 rHlm n?.

»

rm&lo{

N

o} zehs 24do] Rk S4(10)9) ek Ak
2 245 ol Bael mE Atgel et =

B, B,

If Sry(B)=1
B

B, B,
SO R ETE)
Fig. 6. Block partitioning
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For each entry B in LIB
1. Calculate A\, using As, Aq, and Equation (10)
2. If Ap>Tk
2.1. If(Ap==Lg)
2.1.1. Encode St(B)
2.1.2. Update Tx, Ti1=Ty/2
2.1.3. If St(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 St«(cij)
- Update Ti, Ti+i=Ti/2
- If Stu(cij==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

For each entry c;; in LSP
1. Calculate A; using Equation (19)
2. If A>x
2.1. Encode n-th bit of |cij|, n=log>T«
2.2. Update Ty, Ti:1=Ty2
3. Else
3.1. Go to the next entry in LSP

O 7. LB Ad 34

Fig. 7. LIB sorting procedure
Al H53p7} ey 25 72 LIB Y 24
S HoE

N

3.2.4 LSP HA| A

LSP #A] sH= LIP 2 LIB A4 tHS E4] 5
S3lctar s AlGEol digk HA v ES a3}
3= HARA, A Fo3lE 538 Ao = v|ES-
g=8)7} v EL-dl5 QAR 2 7Sl B
3} a3k LSP 2|1k ASFES F-531ho2A
QoI BB S|zt NS A REsE
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Ao £33} S FE 05T 054 Fo= A
A BEZ} 1Y 258 peoletar & o E[AD,]7} E[A
R]&= 47 ohaat Ze] A=

EIAD]=p, (05T,)*
=0.2577

_ 2
+(1=p,)(057}) an

632

7 8. LSP AHA ¥4
Fig. 8. LSP refinement procedure

EIAR]=H(p,) (18)
wpeb A2 ohgat o] AlkElrh

0.2577
" Hlp,)

19)
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B2k Ag 0] Z27] AR Tes o183k, [eiyl
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F4E woze)
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2

Fxe ZE 31 dAtel 5#W Dyadic DWT7} &
45 9lon, DWTE 913 glolmel D2 94k &
Zol] 2 AL AlFshe He® deiRl Dauby/7,
Daub6, Daub8, Villal8/10, Bior5.5 & Bior6.8¢] A}
S ick =3t A Qe Re obF el
wo] AREE|E 512%x512 =7]9] Lenna, Barbara,
Goldhill#}  JPEG2000 X3¢ A3 edxkl
2560%2048 =7]2] Bike, Cafe, Woman©®| AF&-%|%}
th 505 dae] Aes S R A 9
A3 B-21% odAke] MSE(Mean Squared Error)E 7]
Hke 2 Al 2D #e] AQE]E PSNR(Peak
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2552

21
MSE @1

PSNR = 10log,(—o—) dB

I 194 E5o], RDBCelA+= 253} odo|
2 A gAke] 79l Villal8/10 ZEV} F2 A
AlgBEA L, thefgt g el Bigt HarAQl e
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sl
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(D9/7)=} Bior6.8(B6.8) ZEIS 443152 ] A}
o} 7129 dimAel deidz FE3 wql
SPIHT(Set Partitioning in Hierarchical Trees)[(’] 2
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25 A4d3k= Generic —rii} nro] Askei, 5
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3 204 ®B%o], RDBC+= Daub9/7 2 Bior6.8 ZFE
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# 1. flo]22l el w}E RDBCS| PSNR H]iL
Table 1. PSNR comparisons of RDBC according to wavelet filters
Lenna(512x512) Barbara(512x512)

Bit Rate D;;b Daub6 | Daub8 1\;1/1;?) l?gr B;;; Bit Rate D;;b Daub6 | Daub8 1\:;/11?) l?gr Bégr
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 | 25.28 | 24.76 | 24.88 | 25.46 | 25.14 | 25.51
0.25 3448 | 335 337 | 3451 | 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 | 31.95 | 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(512x512) Bike(2560%2048)

Bit Rate D;;l;b Daub6 | Daub8 1\/81/112(‘) ]351.c5)r Eg.(;r Bit Rate D;;l;b Daub6 | Daub8 1\;1/1;; ]351.c5)r Eg.c;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 | 28.29 | 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(2560%2048)

Bit Rate D;}l;b Daub6 | Daub8 1\;1/1;?) E;I'(;r ]361‘? Bit Rate D;;l;b Daub6 | Daub8 1\:31/116(‘) E;I'(;r ]zl.(;r
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 | 27.5 | 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 | 3348 | 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. RDBC9} t}& gMt]= b5 whi#}e] PSNR H]wL

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

Lenna(512x512) Barbara(512x512)

Bit Rate| SPIHT | EBCOT R])91/37C)(D RD6}-38§(B Gain 1|Gain 2| Bit Rate | SPIHT | EBCOT 1:];)9]/37? I({];)GBSC): 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 | 0.38 0.46 0.125 2486 | 2537 | 2528 | 2551 | -0.09 | 0.14
0.25 34.14 | 34.16 | 34.48 34.6 032 | 044 0.25 27.58 28.4 2824 | 28.57 | -0.16 | 0.17

0.5 37.25 | 37.29 37.6 37.67 | 031 0.38 0.5 3140 | 3229 | 32.11 32.56 | -0.18 | 0.27

1.0 4045 | 4048 | 40.65 | 40.71 | 0.17 | 0.23 1.0 36.41 37.11 37.14 | 37.56 | 003 | 045

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

Bit Rate| SPIHT | EBCOT ?];]/3; ?E%B; Gain 1 |Gain 2| Bit Rate | SPIHT | EBCOT 1({[])39]/37? ?;BSC) 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 | 0.2
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 | 33.25 33.41 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 ?]?9]7; ?};Bgc) Gain 1|Gain 2| Bit Rate | SPIHT | EBCOT 1({]?9]/37? ?];B; Gain 1|Gain 2
0.0625 | 18.95 19.06 | 19.14 | 19.14 | 0.08 0.08 | 0.0625 | 2543 | 25.63 | 2554 | 25.62 | -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 04 1.0 38.28 | 38.49 | 38.71 3872 | 022 | 023
Sum - - - - 0.76 | 0.76 Sum - - - - 0.41 0.78
5 ARSERlE Aol AA wESelA = AP el AAE AR v ES 2 efl=te] A
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