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Abstract

In recent years face recognition has received substantial
attention from both research communities and the commercial,
but remain challenging in real applications. One of the many
challenges faces by face recognition is the effect of image
quality to the system performances. There are many factors
that can determine the face image quality — the sensors used,
the illuminations setup and the recipient's movements. This
paper discusses about image quality assessment and the image
restoration for bad quality image degraded by noise. For image
quality assessment, Peak Signal to Noise Ratio (or PSNR) is
used as a metric system for image quality and Blind
Deconvolution as the counter measure for the noise or in other

1. Introduction words: image restoration.

In recent years face recognition has received substantial attention from both research
communities and commercial, but remain challenging in real applications. Face
recognition technology is getting attention as its interesting feature that requires less
cooperation from recipients. Face recognition technology too, has already expanding in
term of its application such as for secure system login, securing passes and aso for video
surveillance. Up to now the research for face recognition biometrics is still considered to
have a long way to reach maturity in terms of its robustness and accuracy especially for
verification where fal se acceptance rate (FAR) and false rgjects rate (FRR) is subjected.

There are many factors that can affect the face biometrics robustness and one of the most
critical is the image quality issues. The quality of images acquired for face recognition
was reported have tremendous effects on the performances of the system [1,2,3,4]. It was
reported that image quality produced by an imaging devices contributing to the increase
or drops of False Acceptance Rates and False Regect Rates. The deviation of image
quality of the face image taken from the training and image taken for test is aready a
proven fact that leads to the falling rate of recognition or verification. There are severa
factors that can determine the quality of an image: illumination setups, the imaging
device setups and the recipient’s movements. The results of the settings mentioned may
vary but basically the quality can be categorized in term of noise and blurring.

1.1 Theeffect of illumination on face biometrics performances

As face recognition dependable on image as its raw data for biometrics, therefore the
grayscale values is the main concern. It is known that an image is a composition of two
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components:. the illumination and the reflective component. In other words; how bright
the scenery is lit and of how much is reflected from the scene will determine the quality
of the image. Any deviation from the illumination setup during the training session and
during the test may cause deviations in the feature extraction data consequently. Holistic
based algorithms such as Principa Component Analysis (PCA) [5] and Linear
Discriminant Analysis (LDA) [6] is seen to have been the most vulnerable to the
illumination variations.

[llumination variation may come in ambiance interferences (such as the effects of
weather), shadow formation on the face and also the number of light sources that are used
for the scene. Poorly illuminated space also contributed to the increase shadows to the
scene where in this context is the face. The best solution to this problem is to design a
good illumination system to alleviate this problem.

1.2 Theeffect of imaging device on face biometrics perfor mances

The type of camera used can determined the quality output of the image. For instance,
USB and IEEE 1394 based imaging devices are prone to salt and pepper types of noise.
The setting of a camera s optics such as zoom, aperture and gain setting may dictate the
image quality. Badly settings of these parameters may lead to conditions such as dark
regions, bright patches and blurring. A good optics system for face recognition should
have al the parameters mentioned under controlled supervisions. Therefore a CCD with
good optics where zooming, aperture, focus and gain can be controlled is recommended.
Webcams or any USB imaging devices can be used but with a condition that the scenery
iswell lit that all face features are clearly shown in the image.

1.3 Recipient’s movements effect on face biometrics perfor mances

Sudden movements during snapping can cause blurring in some cases. Blurring is
vulnerable in digital imaging devices such as webcam which acquisition can be 20-30
frames/second. Therefore the exposure time is high. Higher exposure time can lead to
blurring as sudden movement of the biometric recipient will be captured during snapping.
Figure 1 shows the result of such blurring.

Figure 1. Blurring dueto recipients movements

To decide whether an image is in good quality for the face recognition system is
subjective. There is no definitive way of saying of whether an image is good for the
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analysis or the otherwise. An assessment can be carried out objectively or subjectively;
where with objective method evaluation is carried out by setting up a metric system for
image quality and the latter is carried out by evaluation by means of human perception
models. In other words, a subjective assessment is a scoring system judged by human.
Individuals will judge whether an image is good or vice versa according to ther
perception.

2. Methodology

The system proposed in this paper suggested an assessment to see the deviation between
a good quality images with deteriorate quality and the restored quality image. The
following figure shows the flow chart of the proposed system.
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Figure 2. The proposed image quality assessment system

The deviation measurement suggested here can be done with Peak Signal to Noise Ratio
(or PSNR). PSNR is an agorithm that calculates the ratio between the maximum possible
power of a signal and the power of corrupting noise that affects the fidelity of its
representation. By using this technique, quality of the image can be assesed by comparing
a set of good quality images with another set which is in bad quality conditions.
Assesments can be also carried out subjectively where scores are given by individuals to
images with different qualities. Although subjective methods can be robust especidly if
the scores are trained by using artificial intelligence means (for example neural networks)
but the evaluation is not to be taken as a metric for quality. Therefore by using PSNR, the
assessment can carried out objectively; free from the non-linearity of human perception
system.

2.1 Peak Signal to Noise Ratio
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PSNR is commonly used as a measure of quality reconstruction in image compression. It
is defined by the mean sguared error (or MSE) which for two mxn of monochrome
images | and K where one of the images is considered noisy approximation of the other.
MSE can b defined as follows:

MSE =" G 0)- KG i) I o)
m

i=0 j=0

PSNR is defined as;

MAX MAX
PS\NR=10log, MSE .=20log, M Q@

MAX; here is the maximum pixel value of the image. When the pixels are represented
using 8 bits per sample, the value would be 255. More generaly, when samples are
represented using linear PCM with B bits per sample, maximum possible value of MAX;
is 25-1. Typical valuefor the PSNR in an image is between 20 — 40 dB.

2.2 Image Restoration

The aim of image restoration is to reconstruct image from a state of degradation by using
prior knowledge of the degradation phenomenon. As discussed earlier, the degradation is
a value of assessment carried out subjectively or objectively. Image quality assessments
will feedback the quality of an image and image restoration will repair any degradation
till it conforms to the quality metrics set for the system. To reconstruct an image from the
mentioned degradation state, one must understand the degradation process that involves.
There are severa categories of noises (for example Gaussian noise, white noise,
Rayleigh’s noise, Erlang’'s noise, Exponential noise and etc.). The effect of noises on
image is the spread of points on any objects presented in the image. This spread of points
is the one caused objects in an image appears ‘ extended’ and ‘not sharp’. If measured by
PSNR the difference between sharp image and the noised ones are clear. Through
restoration filters selected, these noises will be processed till the sharpness reaches the
qguality at the level accepted as good. Figure 3 shows the model of such restoration
process.
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Figure 3. Image restoration process.

Where

Spatial  _ Domain

g(x,y) = h(x,y)* f(x,y)+A(x,y)...( 3)
Frequecy _ Domain

G(u,v) = H (u,v).F(u,v) + N (u,v)....( 4)

From the equation above we come to the understanding that the noise in image is
behaving in a convolution manner. To reverse or to deconvolution the effects, a new
kernel that can counter the convolution H on the degradation function should be
identified. Blind deconvolution is one of the methods that enable us to do that. The term
‘blind’ here is used as for conditions where the noise is undetermined and the Point
Spread Function is unknown, but the deconvolution that take place can narrow back the
points spread due to the blurring and the noises.

2.3 Point Spread Functions

Point Spread Function (or PSF) describes the response of an imaging system to a point
source or point object. PSF in many contexts can be thought of as the extended blob in an
image that represents an unresolved object. In functional terms it is the spatial domain
verson of the modulation transfer function. When two objects are imaged
simultaneously, the result is equal to the sum of the independently imaged objects. In
other words: the imaging of A is unaffected by the imaging of B and vice versa. The sum
is of the light waves which may result in destructive and constructive interference at non-
image planes. Figure 4 describes the PSF on the effect of blurring on image.
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Figure 4. The formation of blurring on objects in an image and how PSF determines the spread of points of
the blurring.

PSF in this paper is used to measure how much the degradation due to noise take place.
Information on the PSF is critica in reversing the noise as Blind deconvolution kernel
requires the PSF for restoration.

Figure 5. Restoration process with PSF to determine the restoration kernels for the deconvolution
2.4 Blind Deconvolution

This deconvolution algorithm is used to reconstruct the original scene from an
observation degraded by the action of a linear shift invariant (LSI) system when no or
very little priori information about the scene and the degradation process is known or
available (hence the term ‘blind’). Blind deconvolution is critica in many fields,
including astronomy, remote sensing, and medical imaging. Typicaly, the image is
degraded by the imperfection of an optical system, and can be presented in term of
convolution of the source image with blurry kernels or Point Spread Function (PSF); in
such applications, the term deblurring is synonymous to deconvolution.
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In the general setup of Blind Deconvolution, the observed sensor image X is created from
the source image S passing through a convolutive system defined by its impulse response
Wl
Xrm = WkISm—k;n—l+Umn""(5)

k.l
and is possibly contaminated by additive sensor noise U.
We assume that the action of W is invertible, at least approximately. The am of Blind
Deconvolution is to find such deconvolution (restoration) kernel H that produces an
estimate ~ Sof Sup to integer shift and scaling factor c:

Smn = Hklxm—k,n—l » C'Sm— DM,n-DN"'(G)

kI

or equivalently, the global system response should be
Grm = (W* H )mn » C'dm— DM ,n- DN (7)

where ij denotes the Kr onecker delta (discrete impulse signal)

4. Experiment and Results

A simple example illustrates the image restoration procedure. The following Figure is a
canonical face image used in face recognition taken from the TMRND face database. The
image is simulated with 10 iterations of 7x7 Gaussian noises. The result of the simulation
for each iteration is presented herein the Figure 7.

Figure 6. Good image of Subject A

Figure 7. The result of Subject_A being processed with Gaussian noise at iteration 1-10

Next, in the experiment we calculate the PSNR of Subject_A image to measure the level
of noise for each iteration of the Gaussian noise processed onto the image. The PSNR
calculated for each image are described in the following figure:
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Figure 8. The PSNR of each image which is simulated with Gaussian

From the graph we can deduct that the higher the noise signals in an image the more the
PSNR decreasing. The original image of Subject A which represents the good quality
image is calculated to have -23.77 dB of PSNR. When compared the good image to the
noised images, we found that the result are as follow:

Figure 9. The comparison of good Subject_A image with the noised with Gaussian in 10 iteration

In order to reconstruct the image, PSF of each noised image is calculated. As discussed
earlier, the PSF information representing the attribute of the noise contained in the
images. This information is the one used to deconvolution the noise, and thus restoring
the image. Figure 8 shows the PSF of each noised images used in this experiment.

Figure 10. The PSF for each of the 10 images.
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The final step of the experiment is to use the PSF data to deconvolution the noised image.
Below is the figure that shows result of Blind deconvolution for Subject_ A image that is
being processed with Gaussian at iteration = 7. As we can see, Blind deconvolution
manage to restore the heavily blurred image by Gaussian with difference of -0.08dB
compared to the signal from the good image; that is 0.3% increase from the good image.

Good Simulated Restored with
image. Gaussian Blind
PSNR = - noiseat 7th | deconvolution.
23.77dB iteration. PSNR =-
PSNR = - 23.85dB
24dB

Figurel0. Blind deconvolution for Subject_A image

5. Conclusion

The signal quality for face image can be measured by means of Peak Signal to Point
Ratio (or PSNR) and with the class between good and bad quality images are drawn, the
restoration of such degraded image can be carried out. Image restoration here is carried
out by using Blind Deconvolution where it uses kernels computed from Point Spread
Function (or PSF). PSF matrices are derived from the noise contains in the face image
whether it is blurred, and speckled by salt & pepper. Experiments have been carried out
to seek whether there is a difference between restored images and from their noisy source
respectively. The result shows the difference is significant.
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