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The thesis presents and investigates an approach for face image enhancement based on a machine
learning technique utilizing facial image examples.

Faces are one of the main concern in the image applications, especially in the security system
such as a surveillance camera. There are cases that a face image of an interest has unsatisfactory
quality by some factors as the distance to the camera, the luminance environment, the motion speed
of the target, noises, data compression, and so on. Thus, the enhancement of the image quality from
a low-resolution degraded image is one of the key issues in the field of image processing.

A conventional approach in common to generate a higher-resolution image is interpolation using
Lanczos (sinc) or Gaussian filters. However, these analytic approaches suffer from a blurred
appearance. Super-resolution (SR) techniques have emerged to resolve these problems by inferring
detailed information on the missing texture. One of the major approach in super-resolutions is
example-based methods which utilize example images as a database to compensate the missing
texture. Freeman et.al have proposed a novel example-based super-resolution method where
example images are used to generate pairs of high-frequency (HF) and low-frequency (LF)
components of the images and they are divided into patches of the image to compose a database of
the relationship between LR appearances and HR textures. Given an LR image, a Markov Random
Field (MRF) network is applied to find the best-fit HF patches for the LF component of the given
image. Then the given image and the HF patches are combined to be an HR image.

The thesis introduces an idea specific for human faces to the Freeman's method, restoring each
part of the image with patches corresponding to each facial parts. The database is composed patches
with information of their original positions and the distance between the target and original patch
positions is incorporated to the compatibility function for fitting patches. An experiment on a set of
facial images demonstrated that the proposed method achieved the best quality of 30.39 [dB] in
terms of the peak signal-to-noise ratio (PSNR) compared to the previous' quality of 29.65 [dB].



Further analysis is conducted to determine appropriate parameters. An experiment on
patch-databases with different image scaling factors and different patch sizes revealed that the best
patch size is interestingly adaptable to scaling factor » and determined by (2n+1)/2.

The presented approach is also applied to noise reduction, especially for the block noise in highly
compressed image data. The database is reconstructed by replacing LR-HR patch pairs with we pairs
of degraded (compressed) face images and the corresponding original images and two variations of
the image enhancement methods are presented. One method results in a 3.2 [dB] improvement in
terms of PSNR on average for a very low quality rate of 1% (around 120:1 compression rate), while
the conventional Gaussian-filtering method results in a 2.5 [dB] improvement. Another method
yields more natural images and better PSNRs for images when the quality rate is around 5%.

An improved patch-searching algorithm is also presented which restricts the searching area
nearby the targeted facial parts but searches more closely to select the patch candidates. An
experimental result shows the proposed method achieves better or comparable results while reducing

by 90% computational time compared to the previous.
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