Automatic formation of complex image processing algorithms
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1
Absiract™ . 2. Methods and definitions used
Image pre-processing (sharpening, noise removal, . o ) -
contrast enhancement) for their future classifigati ~ In this case the objective numerical charactessticthe

or recognition can be performed by a large number image are used to select the processing methodglpam
Of different methods' In th|S paper we propose an anaIySiS of the histogram of the image'difference
algorithm which allows to automatically select a between the image with the equalized histogramtaed
contrast enhancement procedure based on the Original image.

objective characteristics of the image. A histogram of a digital image with brightness lsvin
1. Introduction the range (, L-1] is a discrete functiom(r;) = n,,

. , , where 1, is the k-th brightness level, and, is the
In the process of solving the tasks of machine gytion, number of pixels in the image with brightness lengl

the image pre-processing and contrast enhancement {q hisiogram is then usually normalized by divigin
particular are important steps. each of its values by the total number of pixelstha

e p i i M - N:
For a non-specialist it is usually very difficuti find a 'mage

correspondence between the actual task of image n
K . . . nk
processing and the corresponding combination of MN

methods and parameters of these methods which woulglased only on the information contained in thedgsam
allow for the most efficient solution of this tasksing  of the original image it is possible to build a wersion
available resources. function that automatically achieves the effect of
equalization of the histogram.
It can be concluded that standardized solutions and ) o )
algorithms that accumulate the experience inThis results in a more even distribution of _brlgahm
development and implementation of image processin{gVvels and stretches the histogram of the origimaige,
systems, computer and machine vision, etc., are (g0 that the brightness levels of the resulting ienae a
demand. wider range of brightness scales.

N

) The transformation function has the form
At the moment there are a lot of different contrast

enhancement methods, each of which has its own . L1
qualities. These methods yield different resultsicvh sg=(L- 1)2 pr(1j) = N 2.
depend both on the processed image and on thdesklec j=0 j=0

parameters of these methods [1]. Where L is a number of brightness levels{N is a

number of pixels in the imagé; =0,1,..,L—1 is a
brightness level;s, is a brightness value that will be
assigned to pixels that previously had a brightriegsl
of k; n; is a number of pixels with brightnegse
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It is possible to formulate the process of incnegsihe
contrasts of a grayscale imagsing the following fuzz)
rules:

- IF the pixel is dark, then make it darl
- IF the pixel is gray, then make it gr
- IF the pixel is bright, then makektighte..

Bearing in mind that these are fuzzy terms, thecepts
of dark, gray and bright can be expressed using
membership function shown in Fig. 1.

lu dark ,U gray

. Horight

0 26 128 230

Fig. 1. Input and output functions of the accessory for
contrast enhancement based on fuzzy logic

Since we are dealing with constants in the ou
membership functions, the outpuy for any inputz, is
given by the formula:

_ Mdark (zo)vg + :ugray(zo)vg + #bright(zo)vb
0 Uaark (Zo) + /-lgray(zo) + #bright(zo)

In this casey, = 26,v, = 128,v, = 230 (approx. 10%,
50%, 90% of 255):

_ Haark(Z0) - 26 + #gray(zo) =128 + /-lb‘right(zo) 230
Uaark (Zo) + /-lgray(zo) + #bright(zo)

0

The price of significant improvement in the resulsing
this approach ikigh computational complexit

3. Algorithm description

From a computation complexity standpoequalization
of the histogram is a simple methadu this case it is use
not only & a method of contrast enhancement, but al:
one of the steps for evaluating the characteristit
image. Dependingn the result, the algorithm decic
whether to use a more costigethod based on fuzzy
logic.

The scheme of the algorithm is shown iig. 2. The
algorithm is described by the following seque

1) The histogram of the original ima¢f is equalized.
Denote the resulting image Iy, .

2) A histogram of the difference between tresulting
and the original imageg., — f is built

Automatic formation of complex image processingatyms

A large number of "brightpixels in the image-difference
generally is a sign of theegative influence of the
histogram equalization procedure on the contrast
image quality in general (i.e. re might be an emphasis
on background of the image andlarge uninformative

details).
q START |

Input f

sq = histogram
equalization (f)

Create histogram of

Goq—F

Ry < 0.07FL—1 € (30;80)
AND
. < 0.037FL—1€ (80;255)

G- = contrast enhancement yes

method based on fuzzy logic

&)

result = g.,

result = ge,

END

Fig. 2. Scheme of the algorithm

If the histogram ofdifference g., — f goes beyond the
ranges

N < 0.07 if L—1 € (30;80)
n, < 0.03 if L—1 € (80;255)

this is highly likely anindicaion that the histogram
equalization negativelgffectec the image quality (Figure
3), and it is more appropriate to use a complexhow
The boundaries of the ranges were determ
empirically.

Otherwise (if the histogram of the differerg,, — f lies

inside the ranggsthe result ishe imageg., and the
algorithm stops.

3) Thus, if the histogram of the differeng,, — f goes
beyond said ranges, a costly method of con
enhancement based on fuzzy logic is u
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An example of its use is shown in Fig 4. Conclusion

Contrast enhancemealmost always precedes the use
various intellectual methodmc their automatic selection
allows to increasethe efficiency and quality of tt
segmentatiorand recognition of the objecof interest
(both by machine and human).

Using the proposed algorithm allows to automatyc
decide whether to use the equalization of the bisim to
improve the contrast dhe input image, or whethit is
better toresort to a more resou-intensive method
based on fuzzy logic rules.
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