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Interframe wavelet video coding algorithm has received much attention lately because of its high

coding efficiency and flexible temporal and spatial scalability. It can achieve three types of scal-
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ability: SNR, temporal and spatial, in one single bit-stream. Our interframe wavelet scheme has

been submitted to the MPEG committee in response to the scalable video coding (SVC)
Call-for-Proposal. This year, we continue participating in the discussion of MPEG Ad Hoc Group
and refinement of the MPEG interframe wavelet reference model. In 2005, we also propose algo-
rithms to join the MPEG SVC Core Experiments. In this project, we have two research topics are
as follows: (1) HVS (human visual system)-based rate control algorithm for interframe wavelet
video coding, and (2) directional multiresolution transform and block-based bitplane arithmetic
coding for image compression. The project goal is to improve the coding efficiency of using spa-
tial transform, entropy coding, and rate control techniques in the interframe wavelet video coding
framework.

In the HVS-based rate control algorithm part, we use the human perceptual properties such as
masking effect to propose a method that transforms the ordinary “mathematical distortion” to the
“visual distortion”. Our simulations indicate that the reconstructed frames may have lower PSNR
but higher visual quality. In the wavelet transform part, Dr. Minh Do suggested a contourlet trans-
form, which has a better visual quality in image representation. We replace the ordinary separable
wavelet transform by the contourlet representation in the interframe wavelet system and, at lower
bit rates, this new representation demonstrates better subjective image quality. In the entropy
coding part, we observed the clustering phenomenon in the bit planes. Thus, we proposed an
SB-reach plane method to improve the coding efficiency. For particularly bit planes one and two,

this technique offer more significant bit savings o in our simulations.

Keywords: interframe video coding, human visual system, rate control, directional multiresolu-

tion transform, and arithmetic coding.
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111 coding bits - Q00011 000

oo note : coding all eoefficients of
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1|10 ooding kits : 1101000
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Bl 140 AP b 3 - b

RIFL G AT 2 > APE T 3 RO R RAACEEFER > PE I F A
Wenpe st o PR M- AL L R B R Y o

E. 2%823#%
B et LR RAEESY e 0 2 1fod 2 4 B ERIEEAR 5 barbara fr
fingerprint /& ‘ﬁé.‘— % 1t fik » MSSVC(Microsoft =7 MPEG Wavelet Coding Software) % &
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SR HES 2 0 AL % JPEG2000 ¢ 238 % § iF PSNR i o
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barbara
256(k byte)
512(width)
512(height)

fingerprint
256(k byte)
512(width)
512(height)

MSSVC MDT & i 7t
GG HARE S A P B4

SEES L
L BE > 2@ f PSNR

"7/2.

% 1: P13 @ 7 barbara 7 PSNR ' fi %

ratio(%) PSNR
MSSVC JPEG2000 MSSVC MDT
0.625 21.41 22.44 22.43
0.9375 23 23.33 22.8
1.25 23.89 23.97 23.86
5 30.85 29.56 28.18
10, 35.5 33.97 31.89

4 21 ipl#A B 5 fingerprint 9 PSNR +* fie £

ratio(%) PSNR
MSSVC JPEG2000 MSSVC MDT
0.625 17.26 18.26 18.08
0.9375 18.79 19.41 19.68
1.25 20.62 20.75 20.53
5 27.48 26.63 25.53
10, 31.62 30.25 29.41

Wi Fos ¥

= %—LJPEGZOOO - 1‘,{» 4 o

FF (0.625% 4 0.9375%) F +* R &
: fingerprint » PSNR fe4l 4 & Feh L £ € {

e o =

'?i I Aot F 3 pF oo MSSVC _MDT 7% fv
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< 3D Ay R BR(F 157 ) FOREMAN = BUS (H frames at temporal levels 1 and 2).

Cumulative FOREMAN BUS
bitplane
LL LH HL HH LL LH HL HH
2 0.22% | 0.17% | 0.27% | 0.18% | -1.86%| -0.63% | -0.59% | -0.17%
3 0.67% | 0.45% | 0.51% | 0.37% 0.36% | 0.51% | 0.30% | 0.45%
4 0.46% | 0.25% | 0.28% | 0.23% 0.18% | 0.23% | 0.17% | 0.22%
F 4 AR AT 157 ) (H frames at temporal levels 3 and 4).
ol ;
Cumulative FOREMAN BUS
bitplane
LL LH HL HH LL LH HL HH
2 1.04% 1.04% | 1.11% 0.91% -0.71%| -0.32% | -0.49% | 0.10%
3 1.47% 1.26% | 1.21% 1.20% 0.53%| 0.61% | 0.29% | 0.68%
4 0.81% | 0.66% | 0.59% 0.83% 0.27%| 0.30% | 0.14% | 0.37%
50 A BR(F 157 E) (at the bottommost temporal level).
Cumulative FOREMAN BUS
bitplane
LL LH HL HH LL LH HL HH
2 -0.05% | 091% | 0.39% | 097% | 031% | 0.28% | -0.06% | 0.05%
3 0.13% | 0.13% | 0.99% | 1.03% | 0.24% | 0.47% | 0.24% | 0.61%
4 0.14% | 0.80% | 0.67% | 0.68% | 0.15% | 0.25% | 0.10% | 0.30%

18




54 < e

[1] D. Taubman, “High performance scalable image compression with EBCOT”, I[EEE
Transactions on Image Processing, vol. 9:7, pp. 1158-1170, July 2000.

[2] E. Peli, “Contrast in complex images”, J. Opt. Soc. Amer. A, vol. 7, pp. 2032-2039,
October 1990.

[3] S. Daly, “The visible difference predictor: An algorithm for the assessment of image fi-
delity”, in Digital Images and Human Vision, A. B. Watson, Ed. Cambridge, MA: MIT
Press, 1993, pp 176-206.

[4] A.B. Watson, G. Y. Yang, J. A. Solomon, and J. Villasenor, “Visibility of wavelet quan-
tization noise”, IEEE Transactions on Image Processing, vol. 6, no. 8, pp. 1164-1175,
August 1997.

[5] A.P. Bradley, “A wavelet visible difference predictor”, IEEE Transactions on Image
Processing, vol. 8, no. 5, May 1999.

[6] Z.Liu, L. J. Karam, and A. B. Watsom, “JPEG2000 encoding with perceptual distortion
control”, IEEE Transactions on Image Processing, vol.1, 14-17, pp. [-637-40, Septem-
ber 2003.

[7]1 J. Xu et al, “3D subband video coding using Barbell lifting”, ISO/IEC
JTC1/SC29/WG11, MPEG2004/M10569/S05, Munich, March 2004

[8] I. Hontsch and L. J. Karam, “Adaptive image coding with perceptual distortion control”,
IEEFE Transactions on Image Processing, vol. 11, no. 3, pp. 213-222.

[9] E.J. Candes. “Ridgelets: Theory and Applications”, PhD thesis, Department of Statis-
tics, Stanford University, 1998.

[10] M. N. Do, “Directional Multiresolution Image Representations”, Ph.D. Thesis, Depart-
ment of Communication Systems, Swiss Federal Institute of Technology Lausanne,
November 2001.

[11] P. J. Burt and E. H. Adelson. “The Laplacian pyramid as a compact image code”, IEEE
Transactions on Communications, vol. 31:4, pp 532 - 540, April 1983.

[12] A. Cohen, I. Daubechies, and J.-C. Feauveau. “Biorthogonal bases of compactly sup-
ported wavelets”. Commun. on Pure and Appl. Math., vol.45, pp 485 - 560, 1992.

[13] S.-M. Phoong, C. W. Kim, P. P. Vaidyanathan, and R. Ansari. “A new class of
two-channel biorthogonal filter banks and wavelet bases”, IEEE Transactions on Signal
Processing, vol. 43:3, pp 649 - 665, Mar. 1995.

[14] M. Vetterli. “Multidimensional subband coding: Some theory and algorithms”, Signal
Processing, vol. 6:2, pp 97 - 112, Feb. 1984.

[15] S.T. Hsiang and J.W. Woods, “Invertible three-dimensional analysis/synthesis system for
video coding with half-pixel-accurate motion compensation”, SPIE Conference on Vis-

ual Communication and Image Processing, vol. 3653, Jan 1999, pp537-546

19



PEA R

AEF T B % o % - 3 5 MPEG-4 IPMP System £ Interframe Wavelet #73
D s SR E 2~ SR B MPEG 82 M BEFH* R E 7 EERP 2
FRAEHMRE o 5 25 R R F T MPEG R s o 5 ph A RPEZ E
B 5 > Interframe Wavelet #2004 & 3 7 29 7 7 3% % b MPEG T e ﬁ‘« scalable
video coding Call-for-Proposal # 7 2005 & 2% i 3% i #% % %4 MPEG % = *ﬂw scalable
video coding 7 Core Experiments o % = #f 5 3= & 34 {7 1§ 427 Lré%f LR A
CHANEPN M EER e > %ﬁ&%\kgﬂﬁﬁw % 4igb & & i ch MPEG-4
2 MPEG-21 ARRBEBLHF2 5 4588 SR 5% > R XL r» A ¥ > B/ HAERR
FATA & A AR FHR S o iE ﬂ&if?xﬂmo
FEFTR IAPHANMYT FEFENSRY BEDSE > FR LI RFIRER
Bedk GREIEAIE cXRTIHAFEAART 0 FHA AL o L F RS
e R oL EEHme =P o uE = f MPEGHER X407 £ o

Publications

(1) F.-C. Chang, H.-C. Huang and H.-M. Hang, “Combined Encryption and Watermarking
Approaches for Scalable Multimedia Coding,” Pacific Rim Conference on Multimedia
2004, Tokyo Japan, Dec. 2004. [NSC-92-2219-E-009-008]

(2) F.-C. Chang and H.-M. Hang, “A Relevance Feedback Image Retrieval Scheme Using
Multi-Instance and Pseudo Image Concepts,” Storage and Retrieval Methods and Appli-
cations for Multimedia 2005, San Jose, USA, Jan. 2005. [NSC 91-2219-E-009-041]

(3) H.-K. Hsu and H.-M. Hang, “Image compression using directional multiresolution
transform,” in 2005 Conf. on Computer Vision, Graphics, and Image Processing, Taipei,
Taiwan, Aug. 2005. [NSC-93-2219-E-009-021]

(4) C.-H. Hong, and H.-M. Hang, “An HVS-based rate control algorithm for wavelet image
coding,” in 2005 Conf- on Computer Vision, Graphics, and Image Processing, Taipei,
Taiwan, Aug. 2005. [NSC-93-2219-E-009-021]

(5) Chao-Hsiung Hong % 3P 22, HVS-based Rate Control Algorithm for Interframe Wavelet
Video Coding, MS Thesis, NCTU, June 2005.

(6) Han-Kuang Shu /& 3, Directional Multiresolution Transform and Block-Wise Bitplane
Arithmetic Coding for Image Compression, MS Thesis, NCTU, July 2005.

(7) Chia-Yang Tsai #= #3F, Enhanced Motion Compensated Temporal Filtering for Inter-
frame Wavelet Video Coding, MS Thesis, NCTU, June 2005.

MPEG Standard Contributions

1. H.-M. Hang, “ISO/IEC JTC1/SC29/WG11 M11482: AHG Report on Further Exploration in
Wavelet Video Coding,” January 2005 (71st, Hong Kong, China)

2. W.-H. Peng, Tihao Chiang and H.-M. Hang, “ISO/IEC JTC1/SC29/WG11 M11914: Adding

20



Selective Enhancement Functionality to Scalable Video Coding,” April 2005 (72nd, Busan,
Korea)

3. F.-C. Chang, C.-P. Ho, C.-Y. Tsai, C.-H. Li, J.-D. Cheng, W.-C. Chang, Y.-T. Shih, C.-L.
Lin, C.-H. Lu, C.-C. Cheng, C.-Y. Liu, J.-C. Ma, K.-C. Lee, and C.-J. Tsai, “ISO/IEC
JTC1/SC29/WGI11 M12373: Update to the FGS-Based Multimedia Resource Delivery Test
Bed Software”, July 2005 (73rd, Poznan, Poland)

21



