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Summary: The functioning of the mechatronic systems demands precise registering of processes, phenomenon or objects. The necessary data are easily obtained by using cameras. In most cases, end results usually do not have satisfactory quality, due to their realisation under unfavorable circumstances. In order to improve their quality, many techniques have been developed. Each of those techniques is developed with purpose to solve a very specific type of a problem. Especially important is the technique based on application of nonlinear filtering , because it gives results usable in real conditions. In the class of nonlinear filtering techniques, homomorphic filtering is the most interesting one.

In this work, the described tecnique is the homomorphic filtering, applied to improve image quality. Also, automatic evaluation of the contrast coefficient is taken into consideration. The impact of the contrast coefficient with homomorphic filtering onto quality of the processed image is very important, and its value depends on the environment conditions under which the image is formed. Based on previously done analysis, a functional dependency of the bimodal image histogram contrast coefficients is assumed, an algorithm is formed and testing on concrete examples. The whole purpose of this coefficient evaluation is to automatise the image quality process.
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1. INTRODUCTION
It is possible to achieve optimal functioning of mechatronical systems by precisely describing processes, objects or phenomena. Techniques of digital image processing enable the variety of results, automatic gathering and processing of data, as well as their objectivity, monitoring of changes etc. The records are usually realized in unfavorable conditions, which also results in unsatisfactory quality. In order to improve image quality various methods and techniques have been developed. Special significance have filtering techniques due to special application, which influences the image quality. Types and sorts of filtering are numerous. Great attention has been given to the group of nonlinear filters, which application gives results applicable in real life conditions. 

Grundland and Dodgson [1] have formed an algorithm for automatic global image contrast improvement, which were taken against the light source. Surobhi and Amin [2] have found the solution for the same problem in application of modified homomorphic filtering. Instead of using the usual Discrete Fourier Transform (DFT), they applied Fast Fourier Transform (FFT, FFT2), Discrete Cosine Transform (DCT, DCT2 ) and Discrete Wavelet Transform (DWT). Yoon and Ro [3] have improved the image quality by combining two types of processing: Wavelet Transformation and homomorphic filtering. Delac, Grgic and Kos [4] have achieved contrast change on the whole image by changing the segment parameters of the image.  Al-amry, Kalyankar and Khamitkar [5] have analyzed effects of image contrast improvement by applying linear and nonlinear methods. Economopoulos, Asvestas and Matsopoulos [6] applied VF filters, defined by various mathematical relations in their research. Significant progress in the process of filtering with nonlinear methods have achieved Gonzalez and Woods [7].  Umbaugh [8] dedicated special attention to nonlinear filtering with application of FT and IFT in logarithm aspect. 

2. NONLINEAR FILTERING
The structure of digital image is a unity formed out of illumination L(x,y) and reflection R(x,y). Image processing can be reduced to simple separation of these two components and their independent processing. In accordance with this model, image can be referred to as a two-dimensional function I(x,y), which is the end result of illumination and reflection (1). 



[image: image2.wmf]I(x,y)R(x,y)L(x,y)

=×


(1)

Component R(x,y) gives the information about changes on object edges and corresponds to higher frequencies. Component L(x,y) defines the illumination level of the whole image and corresponds to lower frequencies. Forming of the image with improved performances is achieved in logarithm aspect, by separating these two components and their independent processing. During the processing, the multiplicative character is converted into additive character. 
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Component separation is achieved by applying LPF and HPF filters. After these components are separated, they are being multiplied by correction coefficients α and β, which value is determined by applying various methods.  Homomorphic filtering belongs to this type of filtering and it’s schematic is presented on figure 1.
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Fig 1. Homomorphic filtering with two filters
Homomorphic filtering is realized in five basic steps:

1. Image input

2. Logarithm transformation

3. Transformation in logarithm aspect

4. Anti-logarithm process

5. Processed image analysis and obtaining the desired data

Depending on applied camera, the image might need transformation into a format suitable for further processing, which means that the image input also requires preprocessing. After the image arrives in the stage of logarithm transformation, the components are being separately processed. The obtained results are subjected to anti-logarithm process, so they could be put into spacial domain. In the end, the processed image has quality improvement.
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The component separation can also be realized by applying one LPF filter. VF component is obtained by taking away the NF component from the logarithm of input signal (fig 2).
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Fig 2. Homomorphic filtering with one filter

3. SUGGESTED MODEL OF HOMOMORPHIC FILTERING
The homomorphic filtering analysis indicates of functional dependency between shape of the histogram of unprocessed image and values of coefficients of illumination and reflection. Their numerical value has usually been determined by experiments. In that way, visible and applicable results have been obtained.
Having in mind that image contrast improvement is of the great significance for the analysis of both mechatronical as well as medical images, this problem was the point of focus. Conducted research are realized by application of homomorphic filtering system, as shown in figure 3. Obtained results indicated the significant image quality improvement. Suggested filtering model (fig 3) includes following steps:

1. Image input and pre-processing stage

2. Forming and analysis of unprocessed image histogram. Determination of contrast coefficient (β) based on histogram.

3. Logarithm process of the original image and component separation.

4. Independent processing of two components.

5. Multiplication of VF signal with correctional coefficient (β)

6. Combining the obtained results.

7. Anti-logarithm process resulting in processed image with improved characteristics inside a spacial domain.
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Fig 3. Homomorphic filtering with coefficient effect based on histogram

Significant contribution to the improvement of the filtering process is contained in contrast coefficient determination based on input image histogram.

4. EXPERIMENTAL RESULTS
The verification of the suggested filtering method is realized through an experiment. The used object is symmetrical. Distance between camera and the frontal side of the object is 60cm. Vertical distance from camera to the floor is 50cm. Applied camera is Cannon Power Shot SX 100. 

Digital imprints of cylinder and the corresponding histograms are shown on figure 4. It can be noticed that the imprints are not visible enough and that inside of the object can not be perceived. Histograms are bimodal. As an automatic choice of the threshold following can be applied: isodata, background-symmetry, watershed, triangle and graytresh algorithm based on Otsu’s method. 

[image: image12.jpg]


   [image: image13.jpg]


   [image: image14.jpg]



[image: image15.jpg]


  [image: image16.jpg]


  [image: image17.jpg]



Figure 4. Original cylinder images and their corresponding histograms
Overcoming of the noticed defects is realized by newly formed algorithm, which enables determination of contrast coefficient based on unprocessed image histogram. After the anti-logarithm stage and returning to the spacial domain, very distinct influence of noise is detected. Evident is the significant improvement of contrast on original images. Additional filtering resulted in achieving even better results (fig 5). Obtained results are applicable for further analysis and obtaining of important data about the object. Statistical characteristics are presented in the table 1. 
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a) fig.1
b) fig. 2
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c) fig 3
Fig 5. Homomorphic filtering with influential coefficients based on histogram
Table 1. Statistical characteristics 

	
	β
	M
	STD
	SKEWNESS
	KURTOSIS
	ENTROPIJA

	fig.1
	3.0141
	106.7657
	42.6668
	2.5254
	8.5882
	6.6306

	fig.2
	1.8915
	141.1872
	48.9210
	1.5267
	4.5854
	6.8964

	fig.3
	2.7949
	102.45768
	47.4441
	2.1685
	7.2134
	6.9224


3. CONCLUSION 

In this work a homomorphic filtering method, which is used for improvement of the mechatronical image contrast, is described, algorithm for correctional coefficient contrast value determination based on unprocessed image histogram is suggested, crosscheck of its affect on specific objects is made and obtained results are shown. By application of suggested algorithm a significant improvement of image quality is achieved. Insufficiently illuminated and contrasted object gets satisfactory levels of illumination and contrast. Realized transformation is applicable in mechatronics, robotics, and contemporary systems.
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