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Abstract: This paper presents the possibilities of contemporary methods for digital image processing for automated determination of the 
number of cells from regular microreliefs, obtained by vibratory plastic surface deformation processing. Classification of some methods is 
presented and the advantages and disadvantages of some of them in the processing of sample images with regular microreliefs are examined. 
Based on the characteristics of images with regular microreliefs and on the possibilities of the considered methods an algorithm for digital 
image processing and automated cells counting is proposed. Sample output from usage of the algorithm for automated counting of cells from 
digital image of the PMP is also indicated. 
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1. Introduction 

The resulting regular micro-reliefs (RMR), obtained after 
processing by vibratory plastic surface deformation (VPSD) on both 
cylindrical and planar surfaces can be represented as a micro 
topography grid of cells (with square or hexagonal shape) which 
qualitatively differs from those obtained by implementation of 
classical methods for machine finishing such as fine turning, 
milling, grinding, etc. 

If there is stable technological system, i.e.: a machine tool, 
fixture, deforming tool and workpiece, completely regular reliefs 
shown in Fig. 1a and b, can be obtained through the process VPSD. 
The type of the shape and the dimensions of the cells can be 
operated by appropriate adjustments of the regime parameters of the 
process, depending on the type of treated surface (planar or 
cylindrical), physical and mechanical characteristics of the 
workpiece material and the chosen scheme of VPSD. 

 One of the distinguishing characteristics of RMR obtained after 
VPSD is a relatively high degree of uniformity of the size and shape 
of individual cells of the relief, both in length and width of the 
treated surface and also in vertical direction. For example, 
depending on the characteristics of the processed material 
(hardness) and process parameters of VPSD (force of pressure, 
speed of movement and diameter of the ball) roughness asperities 
with large radii of curvature, ranging from 800 to 8000 μm (at 
maximum height of roughness asperities from 10 to 35 μm), small 
angles of inclination of the roughness asperity profile from 00 30' to 
30, and large horizontal distance between the peaks (from 500 to 
3500 μm), the conditions of contact interaction are significantly 
improved [1]. Moreover, in contrast to other methods for finishing 
treatment, which form out roughness texture with stochastic nature, 
after VPSD method the cells of RMR are logically arranged on the 
treated surface. This allows defining analytical models for 
determining some of their important operational characteristics such 
as lubrication ability of relief, surface bearing area, and others, 
based on the volumetric characteristics of one (or more) cell of the 
relief. However, to provide assessment of these characteristics for 
the entire treated surface having RMR, it is necessary to know the 
exact number of cells formed by VPSD on it. Based on the studies 
of the kinematic scheme of machining through VPSD of planar 
surfaces in [1] a function for determining the number of RMR cells 
covered within a rectangular area with dimensions L x H, [mm] is 
proposed, which is as follows: 

),,,,( .1 LHDSnfN срcells  ,  (1) 

where: n1 [min-1] is the rotation speed of the eccentric mechanism 
of the vibro-deforming head, which has a diameter Dsr. [mm]; S, 
[mm/min]  is a longitudinal feeding speed of the table of the milling 
machine, which carries the workpiece. 

The functional dependency (1) is derived based only on the 
geometric dimensions of the surface and on a part of the regime 

parameters of the process VPSD, and therefore is applicable to a 
specific scheme of a treatment. In practice, the formation of RMR is 
significantly influenced by the rate of plastic deformation of the 
surface layer of the workpiece, and depends on the magnitude of the 
applied force of deformation and the physical and mechanical 
characteristics of the workpiece material, i.e. factors that have not 
been taken into account in the model (1). Therefore, the dependency 
(1) may be used only for theoretical calculations on advanced 
selection of correlation between the regime parameters of VPSD 
and the number of cells that will be formed within a surface area 
with dimensions L x H, and subsequently for the above mentioned 
functional characteristics of planar surfaces which have RMR. 

Determining the exact numbers of cells formed per unit of total 
treated surface area, is an object of interest in terms of some 
standardized functional characteristics and 3D roughness 
parameters set in the ISO 25178 series of standards, which 
introduce the criteria for three-dimensional surface roughness. Since 
the number of single cells proportionally increases with increasing 
of the treated surface by VPSD, and considering the above overall 
dimensions of the RMR cells, their number can range from several 
dozen up to several thousand cells within the framework of treated 
surface. In the case of a small mesh texture of the RMR, the 
determination of the number of cells by "manually counting” would 
be too labor intensive and a low-reliability task, even when any of 
the methods for 3D measurement of the topography of the RMR are 
used. 

Valleys of the cells from regular microrelief and the 
surrounding plastically deformed protrusions stands out 
comparatively clearly when they are photographed. This is due to 
the relatively large height difference between the protrusions and 
depressions and their cross-sectional shape, which leads to different 
levels of reflection of light. Examples of this are the images of two 
types of regular relief (with hexagonal and rectangular shape) 
shown in Fig. 1 a) and b), formed on planar surface by VPSD 
obtained by photographing. As seen from the figure, valleys and 
ridges of RMR stand out distinctly in intensity of light, as the ridges 
that surround the cells have higher brightness than the bottoms of 
the cells which have lower brightness. Using this particularity of the 
RMR pictures, it is possible to implement some popular techniques 
for digital image processing that allow their conversion into a 
suitable (binary) type in order to implement some automated 

 
а)  b)  с) 

Fig.1: Pictures of typical forms of RMR obtained by VPSD through a planar 
surface: a) cells with a hexagonal shape, b) cells with rectangular shape, c) 

a three-dimensional graphic of the intensity of the pixel brightness.
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techniques for counting of the cells within the framework of their 
image. An example of an algorithm for automated determination of 
the number of cells of RMR from planar surfaces, which comprises 
some techniques for digital image processing of photography’s of 
RMR is proposed  below in the present paper. 

2. An algorithm for determining the number of 
RMR cells within the digital image of RMR.  

2.1. Obtaining the digital image of RMR. 

Background information on the regular microreliefs in the 
proposed algorithm is obtained by discretization of the whole or a 
part of the surface with RMR in two-dimensional raster image of 
the type shown in Fig. 1 a, b. For example, a suitable format could 
be BMP (from "bitmap"), which is an uncompressed computer file 
format for storing picture data (developed by Microsoft© in 1986) 
that contains data for RGB color depth, and can be ranged from a 
1bit = 2 colors (white and black) to 48 bit or 2.815x1014 colors. It is 
widely used in modern graphical software products for image 
processing. Furthermore it is possible to use other graphic file 
formats also in order to obtain a smaller file size of the image. 

The computer file containing the image of the RMR, is a 
discrete form of the real image and can be obtained by scanning a 
photograph of RMR or by direct photographing with digital camera 
or by scanning the surface itself having RMR (in case it is planar) 
by scanner. The appropriate image format again is BMP (or any 
other raster format, e.g. GIF, TIFF, PNG) with color depth of 8 bits, 
which provides a monochrome image with L = 28 or 256 levels of 
gray for each pixel (or single point) from the image. It should be 
noted that the proposed algorithm only applies to the counting of 
cells of RMR within the image area and therefore does not require a 
higher precision photographic camera or scanning device vertically, 
thus it is possible to use most of the proposed models of digital 
cameras and flatbed scanners for scanning paper documents. 

After scanning in 28 levels of grayscale, the image of RMR can 
be considered a two-dimensional array (or matrix) with dimensions 
m×n, and each element of the array (i.e. pixel) can take only integer 
values within the range 0 to 255 corresponding to 256 levels of 
brightness. The number 0 corresponds to pure black color (or 
brightness of zero intensity) and the number 255 corresponds to the 
pure white color (or brightness with maximum intensity). The 
intermediate values between 0 and 255 correspond to 254 
intermediate shades of gray. For example in Fig. 1c) a three-
dimensional graph of the brightness levels of the pixels in the image 
of the RMR from Fig. 1.b) is shown. 

2.2. Distinguishing the objects from the background of the 
image with RMR. 

Processing the discrete image is necessary because it must be 
transformed in an appropriate form to make the interesting elements 
of the RMR cells (dark valleys) reliably distinguished from the rest 
of the background of the image, so that their subsequent counting is 
possible. That delimitation can be made using the method of 
brightness segmentation, making it possible to split the image into 
λk (k = 1÷N) domains (or segments) with a similar level of 
brightness (see Fig. 3 a). Segmentation is the process of partitioning 
a digital image into multiple segments (sets of pixels, also known as 
superpixels). The goal of the segmentation is to simplify and/or to 
change the source image into some other image that is more 
meaningful and easier to analyze [3]. Image segmentation is 
typically used to locate objects and boundaries (lines, curves, etc.) 
in images. More precisely, image segmentation is a process of 
assigning a label to every pixel in an image so that the pixels with 
the same label have common visual characteristics. To identify the 
thresholds θN it is necessary to compare the values of the brightness 
of each pixel of the image, such as: 
  θ1 < θ2 < … < θN, 

M (i,j) = λк , if θk ≤ IM (i,j) < θk +1   (2) 
(k = 1÷N , i=1÷m, j=1÷n)  

The proposed methodology uses a particular case of image 
segmentation by brightness, called binary image. A binary image is 
a digital image that has only two possible values for each pixel. 
This means that each pixel is stored as a single bit (0 or 1). For the 
transformation from greyscale image to binary image, we can write 
that:  I(x,y) ϵ [0,L] => I`(x,y) ϵ [0,1]. 

The main task of thresholding technique is to find the optimum 
value of the parameter T (from Threshold) where all pixels which 
are darker than this value are considering as objects (or foreground) 
and all lighter than T pixels are considering as background or vice 
versa: 

  (3) 
The value of the threshold T can be determined manually 

through experiments by assigning sequential values of T within the 
range 0 to L and visually observing the changes in the objects and 
the background in the image, but this method does not provide 
better results. There are also numerous automated methods 
developed for determining the optimal threshold T. Figure 2 shows 
the classification of the most widely used of them [6]. Important 
information for correct determination of the threshold T provides 
the histogram of the image (see Fig. 3. B), which shows the type of 
distribution of the number of pixels with the same brightness level 
Li within the range [0÷L-1], where L = 256. 

2.3. Determination of the optimal threshold. 

The task of determining the optimal threshold which produces 
the best separation of the foreground objects from the background is 
often complex, because in most cases the source image contains 
noises, received due to the process of discretization, due to unequal 
illumination, or when foreground objects and background have very 
close values of gray. In addition, when capturing a RMR formed on 
metal surfaces it is possible to obtain local reflections which add 
more noise to the image. Also, when RMR is formed on a 
cylindrical surface, the total curvature of the workpiece also adds 

Fig.2: Taxonomy of thresholding algorithms [6]. 

 

а)  b) 
Fig.3: a) Segmentation of an image; b) Histogram of the RMR image shown 

in Fig. 1a. 
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generous distortion of the brightness of an image when capturing a 
RMR. For these reasons, it is impossible to find a universal method 
for thresholding that would give optimal results in all cases of RMR 
images. For example, in Fig. 4 a) a monochrome image of planar 
surface with hexagonal RMR in grayscale with 28 degrees of grey 
color is shown, which is obtained by scanning the processed by 
VPSD workpiece, made of aluminum alloy. As seen from figure 4a, 
the image has two brighter areas that are marked as “A”, and two 
darker areas “B”. By using the method of Otsu [2], which is often 
used in recognizing characters from scanned text, it was calculated 
statistically that the optimal threshold for histogram (shown in Fig. 
4b) is T = 145 and the received corresponding binary image at this 
threshold is shown in Fig. 4c. It can be seen that when uniform 
threshold for the entire image is used, the cells from the bright areas 
“A” (i.e. the foreground objects) were removed because they are 
recognized as background, and the background in the darker areas 
“B” are recognized as a foreground object and the cells from these 
areas are connected one to another. As a result, if we try to 
implement some of the techniques for automated counting of the 
number of cells (i.e. black colored blobs in image) we will not 
obtain an adequate result for its number. 

Therefore in these cases the methods for thresholding with 
locally adapted threshold are more appropriate. The locally adapted 
thresholding is achieved by using the window W, which may have a 
round or square shape and dimensionality α = 1,2,3,...,N. For each 
pixel Pm,n of the RMR greyscale image with intensity Im,n, the 
window W includes a number of α neighbor pixels with their 
intensities. Therefore, these windows can be considered as 
submatrix of the matrix of the initial image, which generally are the 
following structures: 

 
(4) 

The central element of the above matrixes is the current pixel 
for which we are seeking the local threshold T. When α = 1, the 
window W has dimensionality 3×3, when α = 2 it has 
dimensionality 5×5, etc. According to the method of Bernsen [5,7] a 
local threshold Tm,n, to which each pixel of the RMR image is 
compared is defined as the mean of the pixels with maximum and 
minimum intensity among all pixels within the window W with size 
α, or: 

 (5) 
Based on testing of multiple images with RMR according to the 

author, however, better results are obtained when the local threshold 
Tm,n is defined as the mean of the intensity of all pixels within the 
window W, or: 

   (6) 
 Applying formulas (3) and (6) and iterating through the pixels 

of the output image by the rows in the range i = α ÷ (m-α) and 

columns j = α ÷ (n-α) a binary image of RMR can be obtained. It 
should be noted that the dimensionality of a binary image has a 
smaller number of rows and columns (2*α) than the original image, 
accounting the effect of the window W. To avoid this, it is 
recommended to add artificially ± α rows and columns to the source 
image, whose pixels values are 0 or 255, depending on the chosen 
intensity of the background. The thresholding of the RMR image 
from Fig. 4.a) obtained through local adaptation of the thresholds 
set by formula (5) and under square window W with dimensionality 
± α = 4 is shown in Fig. 4d. From Fig. 4d it can be seen that the 
cells within the bright areas A in this method are clearly 
distinguished as foreground objects, and those from dark areas B 
are distinguished from each other, unlike the results obtained using 
the method of Otsu (shown in Fig. 4 c). 

2.4. Filtration of the residual noise in the binary image of the 
RMR. 

The residual noise is due to some incorrectly identified pixels as 
objects or as a background in a binary image. These noises lead to 
occurrence of single "black" pixels (dots) within the area of "white" 
background or vice versa – single “white” pixels in the area of the 
black objects. Since the noise is unwanted because it can result in 
errors during determination of the number of cells of the RMR it is 
advisable to filter it from the binary image. Filtering of the residual 
noise in the binary image can be achieved by checking and 
comparing the intensity of each pixel of the image with those of two 
pairs of neighbors of pixels within the same row and column of the 
raster image [3].  Logical test for uniformity of the intensity of the 
current pixel and those of neighboring pixels is done by iterating all 
of the points in the rows and the columns of the binary image. If the 
logical comparison shows that the four (or eight) of neighboring 
pixels have the same intensity but the current pixel has a different 
intensity, this pixel is regarded noise and is assigned the same 
intensity as its neighbors. Sample algorithm for the principle of 
operation of this filter in the case of using 8 neighbor pixels is 
shown below: 

 

where: B is the binary image of the RMR; F is the filtered image of 
the RMR, and ^ is the logical operator "AND" or conjunction. 

In this way the individual "noise" pixels representing false 
foreground objects or background, obtained due to errors in the 
process of thresholding of the image are eliminated. 

2.5. Automated cells counting within the binary image of the 
RMR. 

 At this stage of the algorithm we use a method called 
"connected component labeling", which is based on the graph 
theory and is used in computer vision to detect connected regions in 
binary digital images [4, 8]. Finding the contour of the RMR cells 
and their manipulation is a technique for processing the binary 
image that checks for the presence of individual areas (i.e. blobs) of 
connected pixels (or similar to one another) in the present case: the 
existence of black RMR-cells on white background in the binary 
image. The implementation of the algorithm classifies every single 
pixel as belonging to one of several discrete pixel-regions of the 
image. After application of this method, all individual objects (cells 
of RMR) can be counted automatically which corresponds to the 
main objective of this work. 

The algorithm makes two passes over the pixels: one pass to 
record equivalences and assign temporary labels and the second - to 
replace each temporary label by the label of its equivalence class. 

Fig.4: a) Monochrome image of RMR with hexagonal shape; b) Histogram 
of the monochrome image; c) Binary image obtained by the method of 

Otsu; d) Binary image obtained by the adaptive threshold T. 
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Connectivity checks are carried out by checking the labels of pixels 
that are North-East, North, North-West and West of the current 
pixel (assuming 8-connectivity). 4-connectivity uses only North and 
West neighbors of the current pixel. The following conditions are 
checked to determine the value of the label to be assigned to the 
current pixel (4-connectivity is assumed): 

Start: Does the pixel to the left (West) have the same value? 
If Yes => This is the same region. Assign the same label to the 

current pixel; 
If No => Do the pixels to the North and West of the current 

pixel have the same value but not the same label? 
If Yes => Thus the North and West pixels belong to the same 

region and must be merged. Assign to the current pixel the 
minimum of the North and West labels, and record their 
equivalence relationship; 

If No => Does the pixel to the left (West) have a different 
value and the one to the North the same value? 

If Yes => Assign the label of the North pixel to the current 
pixel; 

If No => Do the pixel's North and West neighbors have 
different pixel values? 

If Yes => Create a new label number and assign it to the current 
pixel. Continue with the next pixel. 

The algorithm continues this way, and creates new region labels 
whenever necessary. Once the initial labeling and equivalence 
recording is completed, the second pass merely replaces each pixel 
label with its equivalent disjoint-set representative element. 

A raster-scanning algorithm for connected-region extraction is 
presented below: 

I. On the first pass: 
1.1. Iterate through each element (pixel) of the data by column, then 
by row (Raster Scanning): 
1.2. If the element is not the background: 

1.2.1. Get the neighbor elements of the current element; 
1.2.2. If there are no neighbors, uniquely label the current 
element and continue; 
1.2.3. Otherwise, find the neighbor with the smallest label and 
assign it to the current element; 
1.2.4. Store the equivalence between neighbor labels; 

II. On the second pass: 
2.1. Iterate through each element of the data by column, then by 
row; 
2.2. If the element is not the background: re-label the element with 
the lowest equivalent label. 

An example of implementing the above described algorithm for 
processing the image of the RMR from Fig. 1a) is shown in Fig. 5. 
Manually counted cells from Fig. 5a are compared to those, 
obtained by automated counting the binary and filtered image 
trough connected component labeling method (see Fig. 5c) and their 
number completely matches (N = 27 in the example). 

3. Conclusions  

In the present work, some methods for processing digital 
monochrome images and manipulation of objects through them 
were studied and the results of their combined use in automated 
cells counting of RMR obtained by VPSD were displayed. 
Considering the above mentioned specific features of the images of 
RMR the following generalized algorithm for their processing, 
shown in Fig. 6, was proposed. Also in each stage it is possible to 
use other existing methods and techniques for digital image 
processing, instead of the ones proposed in this article. Steps 4a and 
4b are executed alternately, depending on the shape of the envelope 
of the resulting histogram for a particular image of the RMR. In the 
case of bimodal histograms (i.e., with two clearly distinguishable 
peaks) it is possible to use one of the optimum thresholding 
methods, while for unimodal distributed histograms it is 
recommended to use a method with locally adapted threshold. 

Bimodal shape of the histogram is due to the better contrast 
between the background and foreground objects which helps their 
better separation in the process of thresholding. The contrast can be 
improved if before digitizing of the RMR image, bottoms of the 
cells are artificially colored in a darker color to stand out better 
from the ridges. 

The presented methods and techniques in this work, and the 
obtained results give certain reason to recommend the generalized 
algorithm shown in Fig. 6, for practical studies of the characteristics 
of regular microreliefs, obtained by VPSD method.  
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Fig.5: Automated detection and enumeration of cells of RMR after VPSD. 
 

 

Fig.6: Generalized algorithm for digital image processing and counting of 
RMR cells, obtained after VPSD. 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 ISSN 1310-3946

YEAR XX, VOLUME 4, P.P. 66-69 (2012)69




