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ABSTRACT

In this paper two comparative approaches for the contrast enhancement of dark sports images, The
contrast of any image is a very important characteristic which decidesithé quality of image. Low
contrast images occur often due to poor or non uniformdighting conditions and sometimesdue to the
non linearity or small dynamic range of the imaging system. Enhancing the contrast of sports images
is of importance since it is difficult to  analyse the performance efithe team or player with a poor
quality image. Though several methods are proposed far gray scale‘images, enhancing the contrast of
colour images is a complicated process. Inthis‘paper we have proposed two comparative approaches
for the contrast enhancement of colour images and have compared their performance against the
standard histogram equalization methed. First method_is contrastgeMhancement of colour images
using fuzzy rule based method and the“second method is using modified sigmoid function. Colour
images cannot be processed directly hence a suitable colormodel is chosen for processing and the
proposed methods are implémented:, For both the approaches the color images are split into RGB
planes and the propgsed operation is performed._omsfeach plane and finally the planes are
concatenated to obtain‘thexenhanced image. Performance of the proposed methods is measured using
a factor known asfMeasure ofiContrast andithe,comparison is represented graphically. Experimental
results prove ghatiof the two methods proposed; contrast enhancement using modified sigmoid
function provides‘theshighest measure of contrast and can be effectively used for further analysis of
sports golour images.

Keywords'Digital Image, Sigmoid Function, Fuzzy Logic, Contrast Enhancement, Rescaling, Measure
of Contrast

1. INTRODUCI ION

Sports video and image processing is an interesting topic for research since many
specialized applications are emerging in this field. The various applications include event and
highlight detection, structure analysis, object detection and segmentation, ball and player
tracking, tactics and performance analysis etcetera [1]. Sports image processing is hence an
attracting area of research and can contribute to the coaches, players and even the consumers
with additional statistical information. Quality of such digital sports images greatly depends
on their contrast. Contrast is defined as the difference in intensity between the highest and
lowest intensity levels in an image. Images with high contrast are of good quality and images
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with low contrast are of poor quality. Images captured in poor or non uniform lighting and
captured with a sensor of small dynamic range results in low contrast images. The quality of
such images can be improved using a proper image enhancement technique. Thus the main
goal of an image enhancement technique is to improve the image quality so that the
processed image is better than the original image for a specific application or set of
objectives.

The various image enhancement techniques include gray level manipulation, contrast
stretching, noise reduction, edge crispening and sharpening, filterng, interpolation and
magnification. For most of the applications involving digital images’the fikst step would be to
enhance the raw image available and for our application weshave chosenyto enhance the
contrast of the image. Enhancing contrast of images enjoys smuch attentionsnd spans a wide
gamut of applications, ranging from improving visual quality“efyphotographs aequiredwith
poor illumination [2] to medical imaging [3]. Contrast enhancement algorithms can be
classified into two types point operations, whight are global, and“spatial neighbourhood
techniques, which are local. Common techniques for global contrast. enharficements like
global stretching and histogram equalization [10};[4s[22] do not always produce good
results, especially for images with large_spatial variatton in contrast. Histogram equalization
is a technique that generates a gray¢map which changes the histogram of an image and
redistributes its pixels values to obtain a broad uniform Ristogkam. Histogram Equalisation
tends to introduce annoying artefactsyamd®over enhancement. To overcome this, several
brightness preserving histogram modification approaches, such as bi-histogram equalization,
multi-histogram equalization;"Contrast Limited Adaptive Histogram Equalization (CLAHE)
and histogram specifi€ation are‘proposed in [iterature [15-19]. Histogram specification is a
technique that generates, a gray._map which changes the histogram of an image and
redistributes itst pixels to be,&s close'as possible to a user-specified desired histogram [4],

[51.[6].

Contrast stretching n(often called normalization) is a simple image enhancement
techinigue, that attempts 1o, improve the contrast in an image by ‘stretching' the range of
intensity‘values it containst0 span a desired range of values, e.g. the full range of pixel values
that the image type concemed allows[21]. It differs from the more sophisticated histogram
equalization in‘that,it can only apply a linear scaling function to the image pixel values. As
a result the enhancement is less harsh. Adaptive contrast and edge enhancement techniques
are other common contrast enhancement methods discussed in literature [7], [8], [9].
Contrast enhancement technique for dark images using sigmoid function is proposed in [14]
and application of a modified sigmoid function for contrast enhancement of sports images is
discussed in [20]. Histogram Equalization is the golden standard for enhancing the contrast of
the images hence in section 2 we have discussed about histogram equalization, the algorithm
to perform histogram equalization and the results obtained using histogram equalization.
Histogram equalisation, though it provides very good enhancement it fails in preserving the

brightness of the image. All other conventional techniques discussed above do not provide
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enhancement to the level of histogram equalisation. Thus in this paper we have proposed two
comparative approaches that are capable of enhancing the low contrast sports image and at
the same time preserve the brightness. It is possible to make the dark colors in an image look
darker by making the light colors lighter. This is accomplished using two different
approaches: Fuzzy Rule and Modified  Sigmoid Function. Section 3 discusses contrast
enhancement of color sports images using Fuzzy Rule and the results, Section 4 discusses
modified sigmoid function and the results, In section 5 we have presented the discussion and
the comparison table and in section 6 we have presented the conclusions,

2. HISTOGRAM EQUALIZATION

Histogram equalization (HE) is a commonly used global gontrast enhaneement technique
for both color and grayscale images. The histogram of af imageyis a plot of the aumber of
occurrences of gray levels in the image againsththe gray. level values. Thus the
histogram of a digital image with gray levels ingthe range [0 ,L-1] is,a discrete function
h(ri)=ny where ry is the k™ gray level and ny is the number of pixels in the image having gray
level ry. For a dark image, the components of the histogramare concentrated on the low side
of the gray scale. Similarly, the components of the“histogram of & bright image are biased
toward the high side of the gray scalé. An image with low contrast has a histogram that is
narrow and centered toward the middle of the gray scalewA lowfcontrast image has a dull,
washed out look. Whereas for a high‘contrast image the,companents of the histogram cover a
broad range of the gray scale and the distribution is approximately uniform. Thus an image
whose components of‘the histogram cover a wide/range of the gray scale that is a high
contrast image will exhibit a large variety of gray,tenes. Transforming a low contrast image
to high contrast image'will result'in the enhancement of the image and shows a great deal of
gray level details. This process oftransforming a low contrast image to high contrast image
by distributing the, components)of the histogram to cover a wide range of gray scale with
approximately uniferm distribution, is called histogram equalization. Histogram
Equalization spreads‘@ub,and flattens the histogram of the number of image pixels at each
gray levelvalue, thus stretching the intensity values in the image over more of the available
dynamic range of gray-levels and increasing the apparent contrast in the image.

Histogram Equalisation is given by,
k=T = (1)

The Processed output image is obtained by mapping each pixel with ry in the input image to
a corresponding pixel with level sy in the output image. This method is especially useful when
an image is represented by close contrast values, such as images in which both the
background and foreground are both bright or else both are dark at the same time. Histogram
equalization of a color image is performed by first converting the RGB image into YIQ
format. Y1Q color model is defined by the National Television System Committee (NTSC).
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In this model, Y represents the luminance, | and Q represents the in phase and Quadrature
components of the chrominance respectively.

2.1 Algorithm
Histogram equalization of color image is performed as described below.

Step 1. Convert the RGB image into YIQ color format.
Step 2. Find the running sum of the histogram values of the Y componént.

Step 3. Normalize the values obtained from step 2 by dividing?with the total number of
pixels.

Step 4. Multiply the values in step 3 by the maximum gray{evel value@nd rounch

Step 5. Map the gray level values to the resultsSifrom step 4ypusing a ope to one
correspondence to get the equalized Y component:

Step 6. Equalized Y component and the unalteretylsand"Q components are converted back
to the RGB format to obtain the enhanceddmage.

Figure 1 shows the results obtained using histogram egualization. Figure 1a) shows the
original image and 1b) shows the histogramwof the Y’ component of the original image.

From the histogram it is clear that the components of the histogram are concentrated on the
low side of the gray scalefresulting in a dark image. Figure 1c) shows the enhanced image
obtained using histogram equalization and 1dshowssthe corresponding histogram of the ‘Y’
component of the gahaneed image. From the histagram it is clear that the components of the
histogram covera wide range of gray scale,andthe distribution is nearly uniform.
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Histogram of Original Image

essful technologies for developing
set theory was first established in

1. First the inputs of the process is analyzed and the anticipated range of each of
the inputs is ded into several coarse, overlapping functions known as ‘Membership
Functions’ or ‘Classes’ or ‘Fuzzy Sets’.

2. Similarly a set of ‘Output Membership Functions’ is defined covering the range of each
output.

3. Every possible combination of input membership classes is related to an output class via
a set of logic sentences. Fuzzy Rules take the general form of IF and THEN statement. The
process of generating this rule base is called ‘Implication’.
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4. An appropriate method for establishing the degree of truth of an output membership
function based on the relative degree of truth of each of the input functions mapped to it by
the fuzzy rules is decided. This is called the ‘Conjunction Method’.

5. An appropriate method is further decided for mapping output membership functions,
each with a certain degree of truth, back to the input variables. This process is called
‘Defuzzification’. To enhance the contrast of sports image using fuzzy logic, Takagi-Sugeno
fuzzy rule based system is used. Takagi-Sugeno rules have consequents (THEN outcomes)
that are numeric functions (generally linear combinations) of the inputaalues.

3 ALGORITHM
The algorithm used to enhance the contrast of color imageds
Step 1. Extract the Red, Green and Blue planes of the,color image
Step 2. For each plane execute the following steps
e IF a pixel is dark, THEN make it darker
e IF a pixel is gray, THEN makegit mid-gray
o [F a pixel is bright, THEN make it brighten

Step 3. Concatenate the enhanced Red, Green and Blue planes to obtain the contrast
enhanced image.

The input membership, functions for an image<, contrast enhancement system are shown
below in Figusé 2. Here, the set'of allypessible input image pixel values is mapped to three
linguistic terms:, Dark, Gray, and Bright. The values pi(z) quantify the “degree of
membership” of“@ particular mput pixel intensity value to the each of the three member
functions (Dark, Gray ot Bright; denoted by the subscript 1). Thus, pdark(z) assigns a value
between)0 and 1 to how truly “dark” a given input pixel intensity value (z) is  Similarly,
ugray(z)“and, ubright(z) chatacterize how truly Gray or Bright a pixel value z is. The Dark
and Bright mput membgrship functions have been implemented by using sigmoid functions,
whereas the Gray input membership function has been implemented by a Gaussian function.
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Figure 2. Input Membership Function for Fuzzy Rule/BasedhContrast'Enhancement

The output member functions are referred to as Datker, Mid-gray and Brighter. The output
fuzzy sets are defined as fuzzy singletons - that'is the output membership functions are
single-valued constants. For our application the singleton output mempbership  function
values have been selected as follows:

Darker =0 (Vd)
Mid-gray = 127 (Vg)

Brighter = 255 (Vb)

H (v) J'lt:-rightf.!rW}

darker

vy =10 Vg =127 V=255
v {Output Intensity)

Figure 3 Output Membership Function for Fuzzy Rule Based Contrast Enhancement

The output ¥, to any input z; is given by,

_ [;udark(zi ) *Vd + fugray(zi) *Vg + ;ubright(zi ) *Vb] (2)
/udark(zi) + :ugray(zi) + /ubright(zi)

Vo
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where

Han(Z) + o (Z0) + toign(Z;) Tefers to the input membership function

Vo VgV refers to the output membership function

This relationship accomplishes the processes of implication, aggregation and
defuzzification together with a straightforward numeric computation. Using a Takagi-Sugeno
design with singleton output membership functions reduceS computational time
significantly by simplifying the computational time requirements i i I
and

Ry
d Lo -
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Figure4 b

ontrast Enhancement using Fuzzy Rule

VIENT USING MODIFIED SIGMOID

a continuous nonlinear activation function. The name, sigmoid,
is obtained from t that the function is "S" shaped. Statisticians call this function
the logistic functign, Using x for input, f(x) as output and withtasa  contrast factor term,
the sigmoid function can be given as,

1
1+e™™®

F(x) = ©)

The sigmoid function has the characteristics that it is a smooth continuous function, the
function outputs within the range -1 to 1, mathematically the function is easy to deal with; it
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goes up smoothly and kindly. Figure 5 shows the plot of function f(x) for various values of
‘t’. The input variable ‘x’ varies from -1 to + 1 and the output also lies in the range -1 to +1.

Sigmoid Function for various values of t

- sl | 1 1 1 |
1 08 06 04 D2 0 02 04 0B 08
input

Figure 5 Sigmoiddunetion plotted for various values of ‘t’

The sigmoid function explained is modified to include‘egntrasis@s well as threshold value.
The modified sigmoid function which weaveused in‘eur algarithm is

1
g(X, Y) = 1 4+ @l th—fs(x) (4)

Where
g (x,y) — Enhanced pixel value
¢ — @Ontrast factor

th —Threshold value

fs(x,y) — original image

By adjusting the €ofitrast factor ‘c’ and threshold value it is possible to tailor the amount of
lightening and darkening to control the overall contrast enhancement. Before applying
the sigmoid function to find the contrast enhanced pixel values the image is rescaled to the
range of [0 — 1]. Since we are working with color images initially the R,G,B plane values are
extracted and then each plane is separately rescaled to the range of [0-1]. Scaling is done in
order to fix the threshold value. The optimal threshold value will be a value between 0.3 and
0.5 which varies depending on the average intensity of the input image. Using the modified
sigmoid function the three color plane pixel values are mapped to the new enhanced pixel
values. The enhanced R, G, B Color planes are finally concatenated to obtain the
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resultant color image. We have performed the proposed algorithm on various test images and
the results are found to be superior to  already existing algorithms. The algorithm for the
implementation of the proposed method is as follows,

4.1 Algorithm
Step 1. Input the image f(x,y)

Step 2. Check the image information
Step 3. Extract R,G,B planes of the image
Step 4. Rescale the color planes to the range of [0-1].

Step 5.For each plane apply the modified sigmoid functi
get the enhanced pixel values.

Step 6.Finally concatenate the enhanced R,G,B p

Figure 6 shows the results obtained using mo
as 0.3 and the contrast
factor value is varied and the 6¢) and 6d) show the
enhanced image obtained for a cont ely. From the results it is
clear that as the contrast factor in nhaneement also increases but for
contrast factor value greater ow a glared effect. For a contrast
value of 5 the resulting 4 look, thus the optimal value for the

contrast factor woul

Figure 6a Original Image — Img-3 Figure 6b Enhanced Image using Modified

Sigmoid Function of C=8, Th=0.3
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Figure 6¢ Enhanced Image using Modified Figure 6d Enhanced |
Sigmoid Function of C =8, Th=0.3

5. DISCUSSIONS

Contrast by definition, is a psychophysical
hand,  de-facto, it is a quantitative i image processing and
algorithm developers have to us easure. There is no
conventional measure for contr contrast enhancement
performance of our method, we owing evaluation parameter

discussed in [10]

Measure of

Enhancement Method Img3 | Img4

0.68 | 0.85

Histogram Equalization 4 )

Fuzzy Logic
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5 6 6 2

Modified Sigmoid
Function , C=5

Modified Sigmoid
Function , C=8

Modified Sigmoid
Function, C=10

Several sports images are taken for the purpose of experiméntation and thé contrastenhanced
results are obtained using the methods described aboyve. Histogram Equalization
method though it has shown better measure of centrastithan fuzzy rule based method for
some of the images, it is seldom used because of the disadvantages ‘diseussed earlier. The
measure of contrast obtained for a sample of 8'test imagesgissshewn in table 1 and is also
plotted in the graph shown in figure 6. Ykrom the table“and the‘graph’it is clear that the
measure of contrast is high for the modified stgmoid function compared against the fuzzy rule
base method and Histogram Equalisation. A very high Measure @f Contrast is obtained for
the modified sigmoid function with'centrastsfactor C=10. \When the contrast factor value is

increased beyond that the  image gets‘a‘glare effect. Thus the optimal value for the contrast
factor would be betweeng®6 and, 10 as discussed earlier in section 4.1. Thus of the two
methods proposed confrast enhancement using modified sigmoid function shows good
results and can be used as an effective method foricontrast enhancement of color images.

Fuzzy Logic Modified Modified Modified
Sigmoid Sigmoid Sigmoid
Function, C=5 Function, C=8 Function, C=10

Figure 7 A plot of Measure of Contrast for various images
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4. CONCLUSIONS

Contrast enhancement of color sport images has gained importance recently with the
advent in sports image processing. In this paper we have proposed two different approaches
for contrast enhancement of dark sports images. Performance of both the methods is
comparatively good against the conventional methods like histogram equalization and
contrast stretching. Contrast Enhancement using fuzzy rule based method and modified
sigmoid function has shown significant improvement in contrast and proves to be useful for
further processing of sports images. Contrast enhancement using modified sigmoid function
has the added advantage that it also flexible, that is contrast factor ‘cam,be adjusted until
satisfactory results are obtained. Discussions and investigatigns are goingen to device a
method which can by itself determine the contrast factor and threshold value. Contrast
Enhancement of the color sports image is the first step in our process of‘analyzing the sports
images to  determine the performance of the players._Edge  detection techniquesjare being
explored for the next stage of analyzing the images-
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