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Figure 7.4: Comparison of different methods in both side and central PSNR (dB)

versus the central rate (bpp) (to be continued).
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Figure 7.4: Comparison of different methods in both side and central PSNR (dB)
versus the central rate (bpp) (Cont’d.).

124



Ph.D. Thesis - X. Zhang McMaster - Electrical & Computer Engineering

(a) Side description of [84] (b) Central description of [84]

(c) Side description of [85] (d) Central description of [85]

Figure 7.5: Comparison of decoded Lena images at 0.25 bpp/description (to be con-
tinued).
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(e) SMMD side description (f) SMMD central description

Figure 7.5: Comparison of decoded Lena images at 0.25 bpp/description (Cont’d.).

(a) Side description of [84] (b) Central description of [84]

Figure 7.6: Comparison of decoded Fruit images at 0.4 bpp/description (to be con-

tinued).
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(c) Side description of [85] (d) Central description of [85]

(e) SMMD side description (f) SMMD central description

Figure 7.6: Comparison of decoded Fruit images at 0.4 bpp/description (Cont’d.).
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(a) Side Description of [85] (b) Side Description of [84]
(PSNR: 26.87dB) (PSNR: 26.79dB)

(c) SMMD Side Descrip-
tion(PSNR:26.59dB)

Figure 7.7: Comparison of decoded Bike images at 0.6 bpp/description. Note that
the SMMD side decoder produces superior visual quality even though it has lower

PSNR than the other two MDC techniques.
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(a) Side (b) Central

(c) Side (d) Central

(e) Side (f) Central

Figure 7.8: Comparison of the performance‘ of SMMD central decoder and side de-

coder.
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Chapter 8

Conclusions and Future Work

8.1 Conclusions

The research of this thesis advances the state-of-the-art of image interpolation tech-
nology and significantly improves the accuracy and visual quality of existing methods.
Three new image interpolation methods are proposed: the first one is a classification
approach that chooses an interpolation direction based on texture orientation; the
second method is a soft-decision approach that estimates missing pixels in blocks
rather than individually to ensure spatial coherence of the reconstructed image; the
third method takes a new model-based nonlinear image restoration approach in which
the model parameters and the unknown HR pixels are jointly estimated. These new
methods have been implemented and thoroughly evaluated in comparison with those
published in the literature. Extensive experiments have been conducted and the re-
sults convincingly demonstrate the advantages of the proposed methods over their
predecessors.

In addition, we study and explore the use of image interpolation as a technique
for image compression, in particular for two important scenarios: low bit-rate visual
communication and network-aware multiple description coding. The study results in

two novel standard-compliant interpolation-based compression methods, one for low

130



Ph.D. Thesis - X. Zhang McMaster - Electrical & Computer Engineering

to medium bit rates and the other for multiple descriptions. They generate some
of the best rate-distortion performance reported in the literature in their respective
categories.

Although most of our results are satisfying and among the best so far in the fields,
they can still, we believe, be improved and extended to other topics of image/video
processing. The piecewise autoregressive image model plays a central role in the de-
velopment of the SAI and NEARU methods. But the estimation of model parameters
in an LR image is prone to the problem of data overfitting. Currently, we circumvent
the problem by using two separate models of lower order and weighing them. But
a more principled solution should be a unified model whose order is determined in
minimize description length principle. Any progress in this regard will further im-
prove the interpolation performance in the future. Another possibility is to choose
from a pool of one-dimensional models of higher order. This may allow us to fully
exploit the anisotropic property of the image signal and interpolate in the direction
of highest statistical redundancy.

Discerning readers may have found our technique of NEARU is a general model-
based image restoration framework. With some modifications this framework can be
applied to other image restoration problems, such as video superresolution, denois-
ing, deconvolution, deblurring, color demosaicking, and reconstruction of compressive

sensing. This line of research is underway.
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