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1. INTRODUCTION

When we present the output of an imaging system to a human, we should consider how the output is
transferred into information by the observer. That is we need to consider the property of human visual
perception. Visual perception may vary person to person. Two important parameters related to human visual
perception are brightness and contrast. Brightness of an image is considered as the overall darkness or
lightness of the image. It depends on our visual perception. Contrast is the word used to emphasize the
difference in grey level of the image. Difference between maximum pixel intensity and minimum pixel
intensity of an image is termed as contrast.

Depending on the brightness and contrast an image can be a dark, bright, low contrast or high
contrast image. By visual inspection, one can identify the nature of the image. We can also identify the nature
of the image using its histogram. The histogram provides the number of occurrences of particular gray level
in the image. The histogram is clustered towards low side of the gray scale for a dark image and for a bright
image it is clustered towards high side of the gray scale. In case of low contrast image, the histogram is
narrow and centered towards the middle of the gray scale. The histogram covers the broad range of the gray
scale for a high contrast image.

We may have a dark image or brighter image depending on the situation when we capture the image.
The dark image is due to under exposed condition and brighter image is due to over exposed condition. The
image with low contrast is a result of poor lighting, low dynamic range of sensors which are used for
acquiring the images or wrong setting of aperture of lens. This indicates the image is not perfect sometime.
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Therefore, in order to identify all the information present in an image, image enhancement is required. In this
paper we describe a method for enhancing darker images.

The rest of the paper is organized as follows. The Section 2 is literature review, which describes
latest state of the art methods used for image enhancement. In Section 3 the proposed method for image
enhancement is explained. Result and discussions, and conclusions are given in Section 4 and 5 respectively.

2. LITERATURE SURVEY

Image enhancement is the way toward modifying digital images with the goal that the outcomes are
increasingly appropriate for show or further image analysis. Image enhancement has seen as presumably the
most significant vision applications since it has capacity to upgrade the perceivability of pictures. It improves
the detectable quality of poor pictures. Particular systems have been proposed therefore for improving the
nature of the advanced pictures. To upgrade picture quality image enhancement can specifically improve and
restrain a few information offered inside the input image. The premier reason for applying enhancement
techniques is to bring out the hidden details in an image or to improve the contrast. It gives a large number of
determinations to bettering the visible quality of images. Enhancement method can be classified into spatial
domain methods and Transform domain methods.

Histogram equalization (HE) is a method for changing image intensities to enhance contrast. The
histogram equalization is mainly used for enhancing the global contrast of images. This method is effective
when the usable information is represented by close contrast values in the images. Through this adjustment,
the intensities can be better dispersed on the histogram. This takes into account regions of lower local
contrast to increase a higher contrast. Even though HE is computationally efficient, this method provides too
much enhancement. It also gives abnormal artifacts on the images.

Another effective method for image enhancement is adaptive histogram equalization (AHE). In
AHE, different histograms are identified from the image, each corresponding to different section of the
image. The enhancement is done by redistributing the probability density of pixel values of each section.
Because of this, AHE is suitable for enhancing the local contrast. In AHE, there is a possibility of over
enhancing the contrast in near contrast region. Therefore, such regions will be highly concentrated after
enhancement process. It is due to this, noise also may get amplified in near contrast region. This is one
disadvantage of AHE.

Following section describes some state-of-the-art works done in image enhancement. Burak
YILMAZ, Yu'ksel OZBAY [1] proposed a method for enhancing the contrast of the image using linear
image combinations algorithm. In order to improve the quality of medical images Hammid Hassanpour et al
[2] proposed a method based on morphological transform. They proposed a filter based on Top-Hat transform
and which is applied to the image for getting enhance image.

Han-Yen Tu et al [3] proposed an efficient adaptive image enhancement (AIE) Method in Wavelet
Domain for Handwritten Document. An AIE method is proposed to denoise handwritten documents in a
wavelet domain, which differs from other methods in two aspects. Firstly, modified contrast limited adaptive
histogram equalization (MCLAHE) is used to equalize the contrast of an image by cutting the histogram at
some threshold, and then equalization is used. Secondly, the image is improved by using directional discrete
wavelet transform (D2WT) enhancing for foreground and interfering strokes, respectively.

He Wen, Wu Qi and Li Shuang [4] prblished paper for X-ray image enhancement. They proposed a
method using Homomorphic filter. The filtering is performed in wavelet domain. The image to be enhanced
is decomposed into low and high frequency components using wavelet transform. The filtering is done in low
frequency band and the high frequency bands are processed by wavelet thresholding. As a final step, contrast
limited adaptive histogram equalization is applied on the wavelet reconstructed image.

G. Padma Priya and T. Venkateswarlu [5] proposed a modified algorithm, through which better
performance can be achieved for low contrast images with low and mid intensities. The proposed technique
considers the weighted sum of singular value matrices of LL sub band image of low contrast image and LL
sub band image of General Histogram Equalized image. The proposed method is compared with general
histogram equalization (GHE), contrast-limited adaptive histogram equalization (CLAHE) and existing
DWT-SVD methods.

Zhang Qinli et al [6] proposed a novel medical image enhancement method based on wavelet
decomposition by adding details from the high-frequency sub-images and decomposing the image, specially
with anti-symmetric biorthogonal wavelet instead of some traditional wavelets. It not only improves the
image enhancement, but also overcomes the shortcomings of large computation with faster computational
speed and satisfies the real-time requirement in edge detection.

An adaptive pixel value stretching based image enhancement method was proposed by Gang Cao et
al [7]. In this method, the saturation for each pixels are set by perceptual brightness of global image. A figure
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print enhancement method was proposed by Erwin et al [8]. In this method a combination of Gabor filter and
AHE was used. Application of Gabor filter in image enhancement is also discussed in [9, 10]. Some other
important enhancement techniques and comparitive study of different image enhancement methods are
available in [11-21].

3. RESEARCH METHOD

This section illustrates the proposed method for enhancement of dark image. In this method the
combination of adaptive histogram equalization (AHE), Gabor filtering and median filtering is used for
enhancement. AHE is performed in spatial domain and, Gabor and median filtering is done in wavelet
domain.

3.1. Problem statement

LetI={fx,y)]i=1,2,.... R;j=1,2,......C} be a grayscale image with R X C pixels, where R
and C are the number of rows and column respectively and f(x,y) =0, 1, 2 ....255 for an 8-bit image. In many
cases, the captured image ‘I’ may not have suitable brightness or some time the dynamic range may be
limited. It is very difficult to understand the image detail from such images. For example, if we capture the
image in under exposed condition, it will be too dark to display the content clearly. In this scenario, the
objective of our work is to develop an image enhancement algorithm for very dark images.

3.2. Methodology

AHE is an excellent method for contrast enhancement. This method is useful for the contrast
enhancement of natural images as well as medical images. However, two main problems are associated with
AHE. They are low speed and over enhancement of noises [22]. Therefore, in order to get a better enhanced
image with reduced noises, in the proposed method we introduced Gabor filtering [8] and median filtering
along with AHE. The block diagram shown in Figure 1 illustrates the steps followed in the proposed method.

Input: Dark Image

v

Wavelet
Decomposition (DWT)
(LL, LH, HL, HH)

v v
LL LH, HL, HH
(Approximation Coefficient) (Detail Coefficients)
v v
Gabor Filtering Median Filter
v
Wavelet Reconstruction
(IDWT)
v
Adaptive Histogram
Eaualization
v
Median Filter

Enhanced Image

Figure 1. Block diagram of proposed method for image enhancement
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The proposed method is as follows. The dark image is first decomposed to approximation (LL) and
detail (LH, HL, HH) coefficients using Haar wavelet. Different type of wavelet exist and among them Haar
wavelet is the simplest and shortest [23, 24]. We tested our algorithm with different orthogonal wavelet
families, but it was found that Haar wavelet is best suitable for edge increasing. Applying the Haar wavelet
limits the impacts of the relationship disturbance among components, and makes a small buffer around the
edge. Because of these reasons we selected Haar wavelet for decomposition.

The wavelet decomposition results in approximation and detail components. We applied Gabor
filtering in approximation (LL) and median filtering in detail (LH, HL, HH) components. Orientation
selectivity is the main feature of Gabor filter. In the spatial domain, a 2D Gabor filter is a Gaussian kernel
function modulated by a sinusoidal plane wave [25, 26]. As shown in (1) represents the formula for 2D-
Gabor filter in spatial domain

G(x,y;0,f) =exp {—%[z—§+z—§]}cos(2nfx9) Q)

where xg = xcos0 — ysin® andyg = xsinb + ycos6,0 is the orientation direction, f is the cosine wave
frequency [Ix and [y is a fixed distance from the Gaussian properties respectively along the x and y-axes.

Median filter is a non linear filter which replaces the value of a pixel with the median of the values
of the neighborhood of that pixel. The median filter compute the median of the corrupted image g(x,y) in the
area defined by Sxy. The value of the filtered image f at any point (x, y) is the median of the pixels in the
region defined by Sxy. It can be represented as given in (2).

f(x,y)" = median{g(s,t)},(s,t) € S,y )

The LH, HL, and HH band comprise of high frequency parts. The high frequency components may
represents some noises and edges in the image. The median filter gives considerably less blurring than mean
filter and it preserve the edges. As a result of these reasons we utilized median filter, in this work, for
filtering detail components.

After applying Gabor filtering to LL and median filtering to LH, HL and HH, the image is
reconstructed using inverse discrete wavelet transform (IDWT). That is, now we have the image in spatial
domain. This image is then enhanced using AHE. As we discussed earlier, the noises also enhanced by AHE.
In order to reduce these noises, we applied median filtering once again.

4. RESULTS AND DISCUSSION

Image enhancement is one of the important areas in image processing. The captured images are not
always good enough to apply the image processing algorithm directly. The image may not have good
brightness or contrast some time. So in order to adjust the brightness or contrast, we have to perform image
enhancement before applying other image processing techniques. In this paper, an enhancement method
which is the combination of spatial and transformed domain is proposed.

The method is simulated using MATLAB. Figure 2 and 3 shows the simulation results of two
different images. From the figure (Figure 2(d) and 3(d)) it is identified that the histogram of dark images is
concentrated towards the low values of gray level and the histogram of the images after applying the
proposed method (Figure 2(f) and 3(f)) is spread over wide range of gray scale. By analyzing the histogram,
it is identified that the proposed method gives better enhancement.

The performance of the proposed method is analyzed using the parameters brightness and contrast.
Brightness can be considered as an element of human visual perception. It indicates luminance of a visual target.
The brightness of each pixel in the image is its gray level value and therefore the intensity of the image can be
calculated as the mean of the grey level values. As shown in (3) is used for finding the brightness (B).

B=—3M ¥V, 1(i)) ®)

Contrast can be explained as the difference between maximum and minimum grey level value in an
image. In this work, we used RMS contrast as given in the (4), for the performance analysis.

C= |— i 9]=1[(1(i']')_3)]2 @

MN <=

where B is the brightness, determined using (3).
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Figure 2 and 3 depicts the results obtained for two different images. From the figures it is clear that
the proposed method gives better results. This can be identified by analyzing the histogram. The quantitative
analysis for the proposed method is done using the parameters brightness (B) and contrast (C) mentioned in
(3) and (4). The results obtained for different images are tabulated in Table 1. The quantitative analysis also
shows, the proposed method is better than AHE.
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Figure 2. (a) Dark image, (b) Enhanced image using AHE, (c) Enhanced image using proposed method,
(d) Histogram of dark image, (e) Histogram of enhanced image using AHE,
(f) Histogram of enhanced image using proposed method
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Figure 3. (a) Dark image, (b) Enhanced image using AHE, (¢) Enhanced image using proposed method,
(d) Histogram of dark image, (€) Histogram of enhanced image using AHE,
(f) Histogram of enhanced image using proposed method

Tablel. Brightness and contrast of original image, image after AHE and proposed method

Test Images Original Image AHE Proposed Method
Brightness Contrast Brightness Contrast Brightness Contrast
Image 1 12.9231 5.1459 35.7735 7.8903 60.3651 9.3722
Image 2 14.0250 45818 29.9560 7.1896 85.9839 10.3010
Image 3 13.0347 2.6497 35.3886 7.9462 92.4533 10.2012

5. CONCLUSION

In this work, an image enhancement technique which is the combination of spatial domain and
wavelet domain has been proposed and analyzed. The enhancement is performed in two different sections. In
the first section the Gabor filtering and median filtering is performed in wavelet domain. The filtered image
is then converted to time domain and AHE is performed in the second section. Both quantitative analysis and
visual inspection shows that the proposed image enhancing method gives better results.
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