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Abstract Face recognition is used to identify one or more persons from still
images or a video image sequence of a scene by comparing input images with faces
stored in a database. The face images used for matching the image in the database
has to be of good quality with normal lighting condition and contrast. However,
face images of poor illumination or low contrast could not be recognized properly.
The objective of the work is to enhance the facial features eyes, nose, and mouth for
poor contrast facial images for face recognition. The image enhancement is done by
first detecting the face part, then applying contrast-limited adaptive histogram
equalization technique and thresholding to enhance the facial features. The
brightness of the facial features is enhanced by using logarithm transformation. The
proposed image enhancement method is implemented on AR database, and the face
images appear visually good when compared to original image. The effectiveness of
the enhancement method is compared by analyzing the histogram.
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1 Introduction

Image processing techniques are used in various fields such as automated inspection
of industrial parts and security systems, automated biometrics, i.e., iris recognition,
fingerprint features and authentication, face recognition. There is a growing interest
in biometric authentication, for use in application areas such as National ID cards,
airport security, surveillance, site access. A wide variety of biometrics, such as
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automated recognition of fingerprints, hand shape, hand written signature, and
voice, has been used. However, all of these systems need some cooperation from
the operator. Face recognition and iris recognition are some of the noninvasive
methods of identification of people.

Faces are the most common way people recognize each other. According to
many researchers, it is not very convenient for computers to recognize individuals
using faces. This is because human beings and computers possess different talents.
The computers look at the face as a map of pixels of different gray (or color) levels.

In machine-based face recognition, a gallery of faces is first enrolled in the
system and coded for subsequent searching. A probe face is then obtained and
compared with each coded face in the gallery; recognition is noted when a suitable
match occurs. The challenge of such a system is to perform recognition of the face
despite transformations: changes in angle of presentation and lighting, common
problems of machine vision, and changes also of expression and age, which are
more special to faces. Computerized human face recognition has many practical
applications. This includes face recognition in cluttered background like airport,
bank ATM card identification, access control and security monitoring. The popular
methods used for face recognition are Eigen faces [1], fisher faces [2], ICA [3], 2D
PCA, and 2D LDA [4].

2 Related Works

The image enhancement techniques in spatial domain are logarithm transform,
gamma transformation, contrast stretching, and histogram equalization (HE) [5].
The image enhancement technique in frequency domain is homomorphic filter [5].
It applies Fourier transform to the logarithm-transformed image.

The log transformations can be defined by the formula s ¼ c log rþ 1; where
s and r are the pixel values of the output and the input image and c is a constant.
During log transformation, the dark pixels in an image are expanded as compared to
the higher pixel values. The power law transformations are nth power and nth root
transformation. These transformations can be given by the expression: s ¼ cr^c:
This symbol c is called gamma, due to which this transformation is also known as
gamma transformation. Variation in the value of c varies the enhancement of the
images. Different display devices or monitors have their own gamma correction,
that is why they display their image at different intensity.

The histogram equalization is an approach to enhance a given image. The
approach is to design a transformation ‘T’ such that the gray value in the output is
uniformly distributed in [0, 1]. It is also called histogram flattening. Histogram
equalization can be described as method in which histogram is modified by
spreading the gray level areas. It enhances the contrast of images by transforming
the values in an intensity image or the values in the color map of an indexed image,
so that the histogram of the output image approximately matches a specified his-
togram. This method usually increases the global contrast of images. Histogram
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equalization often produces unrealistic effects in photographs; however, it is very
useful for scientific images like thermal, satellite, or X-ray image. Also histogram
equalization can produce undesirable effects (like visible image gradient) when
applied to images with low color depth.

The image enhancement technique in this work is based on the concepts of
contrast-limited adaptive histogram equalization (CLAHE) and thresholding. These
concepts are described below.

2.1 Contrast-Limited Adaptive Histogram Equalization
(CLAHE)

In contrast-limited histogram equalization (CLHE), the histogram is cut at some
threshold and then equalization is applied. It improves the local contrast of image.
Contrast-limited adaptive histogram equalization (CLAHE) is an adaptive contrast
histogram equalization method [6], where the contrast of an image is enhanced by
applying CLHE on small data regions called tiles rather than the entire image. Each
tile’s contrast is enhanced, so that the histogram of the output region approximately
matches the specified histogram [7]. The resulting neighboring tiles are then stit-
ched back seamlessly using bilinear interpolation. The contrast in the homogeneous
region can be limited so that noise amplification can be avoided.

2.2 Thresholding

Thresholding is the one of the simplest, computationally faster method which is
used in image processing for image segmentation [5]. Given image ‘f’, the object
can be extracted from its background with threshold ‘T’ and create image ‘g’ using
Eq. 1.

g ðx; yÞ ¼ 1 if f ðx; yÞ[ T
0 if f ðx; yÞ� T

�
ð1Þ

The above method is called as global threshold. However, if image has noise or
illumination, global threshold would not give good results and variable thresholding
has to be applied [5]. An optimal global thresholding is proposed by Otsu [5].
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3 Proposed Method

The image enhancement is done by following steps: The input color image is first
converted into gray scale image. The gray scale image is then converted into black
and white image (binary image) using Otsu’s global threshold method. The isolated
black pixels are the noise pixels, and they are removed from binary image. The first
white pixel from the top row is the object pixel that shows the starting of the face
image and the last white pixel is the end of the face image. The distance between
first white pixel from top and last white pixel is face length. The distance from the
first white pixel from left-hand side of the image and last white pixel is face width.
The face length is the major axis of ellipse and face width is the minor axis of the
ellipse. The center pixels ‘x0’ and ‘y0’ are calculated from face length and face
width. A translation invariant elliptical mask is created over the binary mask ‘BM’
using the center pixels ‘x0’ and ‘y0’, major axis, and minor axis. The equation of
ellipse is given in Eq. 2. The ‘x’ intercept ‘a’ is half of face length and ‘y’ intercept
‘b’ is half of face width.

x� x0ð Þ2
a2

þ y� y0ð Þ2
b2

¼ 1 ð2Þ

An elliptical color and gray face image will be created by adding elliptical binary
mask and original image ‘I’.

The proposed method is implemented in AR database. The experimental work is
done using AR database. The details of AR database are given below. The AR
database [8] contains images of 100 persons taken in two different sessions. 50 are
men and 50 are women [8]. In each session, photographs were taken in 13 different
conditions. They are neutral expressions (anger, scream, and smile), illumination
(right, left, and both sides) and occlusions (eye occlusion, eye occlusion with left
illumination, eye occlusion with right illumination, mouth occlusion, mouth
occlusion with left illumination, and mouth occlusion with right illumination). All
the images are cropped to an image size of 160 � 120 pixels.

The image enhancement method is implemented using MATLAB R2013a [9].
Figure 1 shows the original image, and Fig. 2 shows the elliptical face image. The
elliptical color face image is converted into gray scale image. Figure 3 shows the
elliptical gray scale image. These steps give the detected face image as an ellipse.
The next step is to highlight the facial features eyes, nose, and mouth.

The contrast-limited adaptive histogram equalization (CLAHE) is applied on the
elliptical gray scale image to adjust the contrast variations in the image. The image
obtained is ‘f’. This image is then converted into binary image using threshold
technique. The mean of the image ‘f’ is ‘GT’. Image ‘g’ is obtained using Eq. 3
with image ‘f’ and threshold ‘GT’.
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Fig. 1 Original color image

Fig. 2 Elliptical color face
image
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g x; yð Þ ¼ 1 if f ðx; yÞ[GT
0 if f ðx; yÞ�GT

�
ð3Þ

The binary image ‘g’, thus, created contains salt and pepper noise. The median
filter is applied to remove the noise, and the output image ‘G’ is obtained. Figure 4
shows the elliptical binary image. The facial features eyebrows, eyes, nose, and
mouth are highlighted clearly.

In Fig. 4, both the background pixels and facial features pixels are black pixels.
The next step is to differentiate the black pixels in the face area and non-face area.
The black pixels till the first white pixel from top, left, right, and bottom are filled
with gray pixel intensity value 128. Figure 5 shows the output image obtained by
the above step. The original gray scale image is shown in Fig. 6. The original gray
scale image is now processed to obtain the enhanced image using the following
steps.

The gamma transformation g ¼ f :^c with c equal to 1.1 is applied. The
brightness of the gray scale image is adjusted by darkening the pixel intensities at
facial features eyebrows, eyes, nose and mouth. The brightness in the non-facial
features like foreground and chin are increased. The salt and pepper noise if any is
removed by applying median filter. The logarithm transformation c � logðf þ 0:8Þ is
applied to compress the dark pixels and lighten the light pixels. The final step is to
apply the average filter to smoothen the image. The image obtained is the enhanced
image. Figure 7 shows the enhanced image. The original gray scale image has low
contrast and the output image’s facial features are enhanced.

Fig. 3 Elliptical gray scale
image
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Fig. 4 Elliptical binary
image

Fig. 5 Face segmentation
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Fig. 6 Original gray scale
image

Fig. 7 Enhanced image
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4 Results and Discussion

The result of the proposed method in Fig. 7 is compared with the results of his-
togram equalization image, CLAHE image, log transformation image, and gamma
transformation image. The histogram-equalized image, CLAHE image, log trans-
formation image, and gamma transformation image for the same image are shown
in Figs. 8, 9, 10, and 11, respectively. The histogram equalization method is useful
in images with backgrounds and foregrounds that are both bright or both dark. The
enhanced image shown in Fig. 7 is visually good with good contrast when com-
pared to images in Figs. 8, 9, 10, and 11.

However, the histogram analysis of the enhanced image and the existing
methods are done here to compare the effectiveness of enhancement. Figure 12
shows the histogram of original gray scale image, Fig. 13 shows the histogram of
the enhanced image, Fig. 14 shows the histogram of histogram-equalized image,
and Fig. 15 shows the histogram of CLAHE image.

From the histogram analysis, it is found that in Fig. 12, the gray levels are at
various levels. In Fig. 14, the histogram is equally spread and brightness is adjusted
globally. The non-facial features are also enhanced here. From Fig. 15, it is found
that in CLAHE method contrast is high. The histogram of enhanced image in
Fig. 13 shows that the image contrast is good. The facial features and non-facial
features are visually separable and the histogram also proves the same.

Fig. 8 Histogram equalized
image
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Fig. 9 CLAHE image

Fig. 10 Log transform image
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5 Conclusion

There are lots of image enhancement techniques available in the literature. The
human face images under poor illumination could not be recognized effectively. An
image enhancement particularly suitable for face images with poor illumination or
contrast is proposed here. The facial features eyebrows, eyes, nose, and mouth are

Fig. 11 Gamma
transformation image

Fig. 12 Histogram of gray
scale image
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highlighted from non-facial features, and this method could also be employed to
extract these components individually. The extracted features could be compared
for face part recognition. The brightness of facial features is darkened and the
non-facial features are lightened. This process enhances the face image. The pro-
posed method is compared with histogram equalization, CLAHE, logarithm, and
gamma transformation methods using histogram. The enhanced method is visually
good than other methods, and the histogram shows the image is of good contrast
than the original gray scale image and other enhancement methods.

Fig. 13 Histogram of
enhanced image

Fig. 14 Histogram of
histogram-equalized image
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Fig. 15 Histogram of
CLAHE image
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