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ABSTRACT

Tone-Mapping Quality Metric and Optimized Coding for

High Dynamic Range Images

Lijuan Xie (Computer Applied Technology)
Directed by Siwei Ma

ABSTRACT

Limited by hardware equipment, traditional device referred technology uses low dynamic
range (LDR) image formats, leading to irrecoverable losses of information as the visible range
of human visual system (HVS) is much larger than the range achievable by the traditional
cameras or displays. High dynamic range (HDR) technology overcomes such limitations and
is able to offer high levels of immersion by adapting to the broad range of luminance levels that
can be perceived by the HVS. Even if capture devices for HDR images are dropping prices, the
corresponding display devices are too expensive at current stage, precluding the development
of this field. To tackle this, extensive tone-mapping operators (TMOs) have been proposed in
order for transforming HDR images to viewable LDR images, and also applied in the backward-
compatibility based HDR image compression framework. Developing perceptually consistent
image quality assessment (IQA) measures for TMO is highly desired because traditional LDR
based IQA methods cannot support the cross dynamic range quality comparison. Besides,
how to efficiently improve the compression performance based on the perceptual evaluation is
seldom addressed. Three topics are discussed in this thesis:

At first, a novel objective quality assessment method is proposed on the basis of sparse-
domain representation, which has been well advocated as a powerful tool in describing natural
sparse signals with the over-complete dictionary. Specifically, two indices, incorporating both
local and global features extracted from sparsely represented coefficients, are introduced to
simulate the HVS characteristics on HDR images and tone-mapped images. The local feature
measures the sparse-domain similarity between the pristine HDR and tone-mapped LDR
images by leveraging the intrinsic structure with sparse coding. On the other hand, benefiting
from the natural scene statistics (NSS), the global features are recovered from the sparse
coeflicients to account for the natural behaviors of tone-mapped images. Combining the local
sparse-domain similarity and the global “naturalness” prior, validations on the public database
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show that the proposed sparse-domain model for tone-mapped images (SMTI) provides more
accurate predictions on the human perception of tone-mapped images.

Secondly, we optimize TMO parameters inspired by SMTI and then present a sparse
coding framework for efficiently compressing the LDR image, which is generated from its
HDR version using optimized TMO. In the proposed coding framework, given the pristine
HDR image, it is converted to the LDR image by TMO. Subsequently, the DC value is
extracted from LDR image and lossless encoded by DPCM coding. The residual signals are
transformed by sparse coding. Then, normal quantization and entropy coding procedures are
applied to compress the coefficients. Objective and subjective experiments are both conducted
to evaluate the performance of the proposed method, revealing that the proposed methods
outperforms the anchor.

Finally, HDR image compression efficiency is sequentially improved by perceptually
optimizing the sparse coding process in terms of the proposed quality metric based on the
divisive normalization mechanism. After linear sparse decomposition, divisive normalization
transform (DNT) is performed as a nonlinear operation in accounting for perceptual responses
in biological visual system, which aims to transform all the sparse coefficients into a perceptual
uniform space. Extensive experiments have shown that the proposed scheme demonstrates

great potentials in delivering better image quality for tone-mapped image coding.

KEYWORDS: High dynamic range, tone mapping, sparse representation, quality assessment,
image coding
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