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Abstract

The purpose of this work is to enhance the contrast of a gray-scale image by using well
known histogram stretching algorithm, but, in a new procedure. The most well known
method is the histogram equalization because of its automatic procedure. However, the
effect of brightness saturation will be appeared in some guasi-homogeneous region. This
causes from the merging or adjacent gray level process for flattening the global
histogram. Not only some lower brightness will be grouped together but also some higher
brightness in order to uniforms the histogram distribution. Unlike the method of
histogram linear contrast stretching the new wide histogram dynamic range can be
assigned directly from the original narrow histogram dynamic range. However, the
histogram of an image can be composed of many models of histogram. Different models
can be represented with different objects. To enhance each models of histogram
independently, the obtained result image will get better visual perceptibility than the
global enhancement. The standard deviation of each model will be calculated and
summed for providing the proportional of stretching range. The resultant image can be
provided the higher efficiency in image segmentation or image classification. Therefore,
this paper tries to carry out a method of the multi-model histogram linear contrast
stretching. As each model of histogram can be detected by using the change of eight
consecutive signs, each sign is obtained from the difference between two probabilities of
adjacent gray level.
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Introduction

Image enhancement, modifying the value
of picture elements, is a classical method
for improving the visual perception.
Therefore, the processed image is more
suitable than the original image for some
applications. A digital image is encoded
the picture element with L bits, the gray
level of brightness will be varied from 0 to
2L-1. The probability of each gray level is
defined by the following equation ™1;

P(ri) = /N ==--mmmmmmmmmmeeee D

Where ry is the kg gray level, ng is the
number of pixel for the kg, gray level and n
is the total number of pixels in the image.
The distribution of all gray level
probabilities is called histogram. If a
digital image has a narrow dynamic range
of histogram, the image will give low
contrast. So the different objects in the
scene will have almost the same brightness
21 This will cause the difficulty in some
applications such as object identification,
an object classification, and etc. To
improve the contrast for the image
enhancement, the methods of histogram
modification are always employed to
spread out the dynamic range. The most
well  known method is histogram
equalization. However, this method will be
spread out the histogram and always reach
the whitest and the blacked brightness. By
consequently, the saturation of brightness
will be appeared not only in quasi-
homogeneous of low gray level but also in
quasi-homogeneous of high-gray level.
Unlike the method of histogram linear
contrast stretching, the problem of
brightness saturation can be avoided if the
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narrow range of original histogram is
prosperously assigned to spread out.

Model detection

Since a histogram of image will be
discontinued and fluctuated, therefore
linear interpolation and smoothing method
are applied to conquer these problems. For
the smoothing procedure, nine consecutive
of gray level probabilities are used to
average. This average value is replaced by
the central probability. The average value

can be calculated as the following equation
[1

9
P (%) =éZP(rk_s+1) for5<k<L-4 --(2)
i=1

To obtain the break points for
discriminating each model in the
histogram, the signs of two successive
smooth probabilities will be calculated.
The fluctuation of sign still exists. To
smooth the sign, three consecutive signs
will be considered for changing such as the
following examples,

+ -+
-+ -

changeto + + +
and changeto ---

After the sign changing process is finished,
the model detection is applied. To carry
out a break point for distinguishing two
adjacent models, the twelve consecutive
signs are accounted. These four negative
signs followed by eight positive signs
define the break point. So the break point
is the point that change from negative sign
to positive sign.
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Histogram linear contrast stretching
Since, the histogram can be composed of
many models, which correspond to
different objects in the image scene. To
enhance each object or to increase the
contrast of the scene, using equation (3)
will linearly stretch each model:

_ (% x —Xmiric) Omask —Ymirk) +Ymirk 3)

Yik

| (Xmask —mirk)
where  Xmink = XK - 20y -==-=---n====- (4)
and Xmaxk = P s T —— (5)

where XK and ox are the mean and
standard deviation of the ky model
respectively, Xmink and Xmaxk Stand for the
original narrow dynamic range of ki
model. For the histogram with p models,
the value of ymin1 is set to 0 and the value
Of Ymaxp IS set to 255. The width of the
stretching range (Ymaxk - Ymink) Will be
obtained by the proportional of its standard
deviation by using the following equation.

(Ymax,k - ymin,k) = ow/or X 256 -------- (6)
where
p
Or = Zo'k """""""" (7)
k=1

Implementation

Each pixel in a gray-scale image has
brightness from 0 to 255, where 0 is black
and 255 is white. A histogram shows the
number of pixels with the various levels of
brightness. The "0" value on the left of
histogram shows the number of pixels that
are black. The "255" value on the right of
a histogram shows the number of pixels
that are white.  The histogram is a
probability distribution of the brightness
levels.

An image has low contrast when the
complete range of possible values is not
used. For example, the image shown in
figure (1) only uses values 11 through 97
of the possible 0 to 255 range. Inspection
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of the histogram shows this lack of

contrast.

The program automatically converts any
color image of any Pixel Format to a
pf24bit Pixel Format -- this avoids working
with palettes. Each 24-bit color pixel has
8-bits of red, 8-bits of green and 8-bits of
blue. A color image can be converted to a
gray scale value by computing the "Y"
value for each color

Pixel BI:
Y =0.299R + 0.587G + 0.114B ---- (8)

This "Y" value is the grayscale component
in the YIQ color space used in NTSC

television. The weights reflect the eye's
brightness  sensitivity to the color
primaries.

Other methods could have been used for
this color-to-grayscale conversion.

Often, for convenience, an "Intensity"
value is used:
I=(R+G+B)/3. - 9)

Once this "Y" value is computed, this "Y"
value is then assigned back to each of the
R, G, B components of the color pixel.
RGB(i,i,i), where i = 0..255, yields a
grayscale.

Working with gray-scale images in high-
color or true-color environment allows the
use of all values 0..255 without special API
calls to establish a 256 gray-scale palette
4] [By default, Windows reserves 20 of
the 256 colors in 256-color display mode
and a special APl call is needed to
"reclaim” 18 of the 20 colors. Two of the
colors cannot be redefined, but these colors
are "black" and "white" and they are
needed for the complete 256-gray-scale
palette anyway.]

When you process a gray scale image the
program displays the number of shades of
gray in the up between images. When you
process a color image the program displays
the original number of colors and the
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resulting number of shades of gray in the
up between images.

After reading the image file, the histogram
frequency distribution is computed, as well
as a number of other statistics. When a
histogram has a single dominant peak,
these statistics are often helpful in
describing this peak.

The "range of interest” is computed from
the histogram based on a percentage
parameter. In the examples shown above,
the 1% and 99% values are determined
using the histogram. Normally this "range
of interest™ (Original Range) is stretched to
the full O to 255 range to improve the
contrast of the image. The percentage
value, in effect, defines how many pixels
are forced to be at 0 (black) and 255
(white). The below paragraph is part of
source code of program (written with
Delphi language):

The StretchFactor, which is normally 1.00, is
used as follows to compute a histogram
ScaleFactor:

StretchedRange =
ROUND(  StretchFactor  *
OriginalRange) );

ScaleFactor =
OriginalRange;

The intensity of each pixel is inspected and re-
assigned based on this ScaleFactor:

Newlntensity := ROUND( ScaleFactor *
(OldIntensity - OriginalRangeLeft) );

Each Newlntensity value is forced to O if below
0, and forced to 255 if above 255.

OriginalRange +
(255 -

StretchedRange  /
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Experimental Result and Conclusion

Histogram stretching is an effective way of
improving the contrast of a gray-scale
image. Histogram stretching a gray image
by applying the technique shown here will
result in an image with high contrast.

Real world images (Fig- (1)) used as an
example with corresponding histogram of
each image. Images in Fig- (1-a,b) are
standard images while in Fig(1-d) is
Planetary-Nebula (PN.) image. All these
images have 8-bit (i.e., 1 byte). Fig- (2,3)
illustrated same images if Fig- (1) but have
Low contrast (i.e., have narrow gray-level
range) obtained by wusing Adobe
PhotoShop 4.0 software. This can be
achieved as follow:

(1) Open image, (2) Select Image from
Task menu, (3) Select Adjust, (4) Select
Levels, (5) Change only Brightness by
dragging Level Value cursor down to
decreasing contrast value.

The stretched histograms are obtained as
shown in Fig- (4,5) and the corresponding
result histogram. Fig- (4,5) are manifested
the result of the multi-model histogram
linear contrast stretching. The comparisons
of images in Fig-(1) and Fig- (4,5) are
clearly shown that the proposed method
gave a high contrast and the boundaries of
each region in the image are clearly
emphasized. Therefore, the process of
image segmentation and classification can
be efficiently achieved from the restful
image. Table-(1) shows the measurement
criteria of all images in figures below.
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Figure (1): Original images and it's associated Histogram
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Table (1) : Measurement Criteria.
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Image Name Min. Max. Mod. Median | Mean STD. I Ma>§.
teration
1. Original (fig-(1))
Girl 1 254 49 62 73.7 42.9 1911
Lena 3 242 92 97 99 52 569
Medical 0 255 0 125 93.6 63.6 9908
P.N. 40 248 52 92 102.3 51 12236
2. Low contrast, from 0 to 64 gray-level (fig-(2))
Girl 0 64 12 16 18.5 10.7 5252
Lena 1 61 6 24 24.9 13.2 2062
Medical 0 64 0 31 23.5 15.9 9908
P.N. 10 62 13 23 25.6 12.8 12236
3. Low contrast ,from 0 to 128 gray-level (fig-(3))
Girl 1 127 25 31 37.1 21.5 3677
Lena 1 61 6 24 24.9 13.2 1049
Medical 0 128 0 63 47 31.8 9908
P.N. 20 124 26 46 51.2 25.5 12234
4. Contrast Enhancement, from 0 to 255 gray-level (fig-(4))
Girl 0 255 55 75 87.6 53.1 5252
Lena 0 255 15 107 1114 67.3 2062
Medical 0 255 0 124 93.7 63.4 9908
P.N. 0 255 0 52 65.4 66.4 12284
5. Contrast Enhancement ,from 0 to 255 gray-level (fig-(5))
Girl 0 255 56 71 86.1 53.1 5252
Lena 0 255 16 107 1114 67.3 2062
Medical 0 255 0 126 93.7 63.4 9908
P.N. 0 255 0 52 65.4 66.4 12284
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