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Abstract

Project Code : MGR4880203

Project Title : Foveated Visual Coding and Transmission

Investigator : Wuttipong Kumwilaisak King Mongkut’s University of Technology Thonburi

C.-C. Jay Kuo University of Southern California

E-mail Address : wuttipong.kum@kmutt.ac.th

Project Period : June 1, 2005 — May 31, 2007 (extended to December 31, 2008 due to the post

doctoral research at Thomson Research Laboratory, Princeton USA, for 8 months)

This research investigates foveation visual coding and transmission. The research is divided to be two parts: The
first part studied the foveation image coding with joint parameter selection. The second part researches on
multiple constraint bit allocation for foveated visual coding in low bit rate communication. For the foveation image
coding with joint parameter selection, we presents a method of the foveation image coding based on the fuzzy-
based joint parameter selection. Our objective is to maximize foveated wavelet image quality index (FWQI) of the
reconstructed image. With the foveated visual sensitivity model, image regions are first prioritized. The image
regions close to the foveation points have higher priorities than those far away from the foveation points. The
discrete wavelet transform (DWT) is utilized to transform the considering image to the wavelet domain. The
wavelet coefficients corresponding to different image regions are weighted using foveated visual sensitivity model
and then scaled down before performing entropy encoding. To achieve the objective, we use a fuzzy logic
system and an iterative method to select image coding parameters. The coding parameters consist of a number
of weighted wavelet coefficients (NWC), which will be encoded, and a scaling down factor (QP). There are two
inputs and one output in the proposed fuzzy logic system. The inputs are a set of possible values of NWC and
targeted bit per pixel used to encode an image. The output is an interval of the potential QP depended on a
speci ¢ value of NWC. QP in the interval of the potential QP providing the highest FWQI is selected. We
iteratively search for the value of NWC and QP providing the highest FWQI. Then, SPIHT codec [17] is used to



generate the scalable bitstream of the discrete wavelet coefficients. Our simulation results show that the
proposed scheme provides better reconstructed image quality comparing to previous work in both objective and
subjective qualities. For the multiple constraint bit allocation for foveated visual coding in low bit rate
communication, we presents a new method in the multiple constraint bit allocation for foveated visual coding in
low bit rate communication. First, the foveation effect is applied to the DCT transformed -coefficients in
macroblocks (MBs) of images and videos. The priorities of MBs are computed based on the retina eccentricity of
human eyes, which is measured in terms of the distance from foveation points. Then, prioritized image slices are
formed by comparing the priority of each MB with the preset threshold and grouping MBs having close priorities.
With prioritized image slices, the proposed multiple constraint bit allocation based on the modi ed Lagrangian
optimization is applied to all image slices. There are two constraints on the bit allocation. The first constraint is
the target quality requirements of image slices. The second constraint is the bit rate constraint. The proposed
multiple constraint bit allocation attempts to achieve the best overall reconstructed image quality under these two
constraints.The experimental results conducted with JPEG and H.263+ compression standards show that the
proposed scheme can achieve better performance than the previous work with the traditional Lagrangian

optimization and obtain the required quality of image slice in both subjective and objective quality.

Keywords: Foveation image coding, Discrete wavelet transform, Scaling down factor, Joint parameter selection,
Foveated wavelet image quality index, SPIHT code, List significant pixel, Fuzzy logic system, Multiple bit

constraint allocation, Lagrangian optimization.
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