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Abstract: In this paper, we present an object detection system and its application to plasma sprayed coatings implants with the classifier based 
on the Principal Component Analysis (PCA). In order to improve performance of the classifier, we used combinations of halftone images and 
gradient images generated by the Sobel operator. To improve the quality of plasma coatings we apply intelligent control methods based on 
artificial neural networks and Bayesian network for optimization the weights  
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1.Introduction 

The use of dental implants is an effective way to treat defects of 
dentition. However, despite many constructions created for  implants, 
application of different bioactive coatings  and bioactive materials, 
biocompatibility and mechanical properties for possible exclusion 
remains up-to-date. Radical solution to the problems of exclusion of 
implants is forming a structure on the surface of the implant using 
plasma technology layer with a porous structure, surface morphology, 
adhesive and other properties, which would apply maximum 
functional qualities to the design of the natural tooth root (Fig.1). At 
this time, there exist well-researched technological and medical 
aspects of bioactive  hydroxyapatite and compositions on its basis [1]. 

     
Fig. 1 Some of the design: plate and cylindrical implants 

 
To achieve a secure and lasting insertion of the implant in a bone, 

we put different methods for creating special bioactive coatings at its 
surface. Currently, most methods use plasma spraying with an 
additional energy effects on substrate and coating. Achieving 
significant results requires scientific approach for creating the 
technologies of forming bioactive nanostructured coatings [1]. 

 
2.Preconditions and means for resolving the problem 

Hydroxyapatite (HA), glass ceramics with active component as 
well as their compositions with various metals and alloys are now 
widely used as a bioactive material. An important factor in this case is 
high mechanical durability of the metal base of the implant along with 
better biological compatibility of the implant surface (Fig. 2). 

               

 

б 

Fig.2 Integration   of the implant:  without spraying (left); with  
plasma sprayed coatings (right) 

 
Microstructure analysis of data shows that coatings have 

strongly developed  structure consisting of  deformed melted particles 
with spherical shapes. 

Developing the algorithms and software for automatic 
detection of microparticles in digital images is of practical importance. 
With these tools available, we are able to create the automatic 

evaluation system for specific parameters of sprayed-on materials in 
the digital photos depicting their surfaces. We will be able to know the 
relative number of spheroidal particles and thereby forcast 
technological and  operational properties of a coating. 

 
3. Results and discussion 

Major improvement of qualitative characteristics of bioactive 
coatings is achieved by optimizing the technological modes of 
spraying materials. In this respect, an important area of research is the 
study of selecting and using modern modeling methods for creating 
nanostructured surface layers on dental implants. 
The main source of information was data collected in the study of the 
morphology of the surface after different modes of plasma spraying 
[2]. The following research equipment has been used: scanning 
electron microscope LMU TESCAN MIRA II and device for 
electronic dispersion spectral analysis Ynka Energy 350 with 
acceleration voltage 20-30 kW (Fig. 3a). To prevent charge 
generation, which gives worse image quality, electrons on the surface 
should be leaking off the surface. Fig. 3b shows  magnetron spray gun 
used for putting a thin layer of gold (10 < nm) on the surface and 
connected to the substrate, wherewith electrons stream down from the 
surface. Experiments have shown that spraying regimes affect the 
quality of the coating (Fig.4). 

               
Fig. 3 Instruments used to study plasma coatings:  a -scanning 

electron microscope; b- magnetron spray gun 
 

Spherical micro-particle detection task for halftone image of some 
surface can be formulated as a classifying task for each of snapshot 
sections containing or lacking microparticles.   Microparticles have 
different sizes. That is why detection sections vary in size too. On the 
other hand, all microparticles have a similar spherical shape, which 
prevents using different classifiers, and the detection process can be 
conducted with a single classifier and scaling of the original image. 

For proper functioning of the algorithm, all training examples 
must be the same size. We chose the size of 100 x 100 pixels because 
it was the average micro-particle image size obtained by an electron 
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microscope. Besides, we decided to use both halftone images and their 
gradient versions. When micro-particle contours are similar, gradient 
images supply additional information that provides more reliable 
detection (Fig. 5). 

 

 
Fig. 4 Bioactive coatings image generated by different modes of 

spraying 
 

     
 

Fig.5  Positive (left) and negative (right) snapshots used as training 
examples with corresponding gradient representations 

 
Principal component method (PCA) used in this publication is a 

way to reduce the dimensionality of data with minimal loss of 
information [3].  When using PCA method we  look for a smaller 
space dimension, the orthogonal projection on which variation is 
maximized. PCA creates a linear model that reflects the maximum 
variation of the data images. On the one hand, we can find the vector 
υi which minimizes the medium quadratic error Eγ between the source 
data and  the data di  projection  on the υ 
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where D is the matrix, in which columns are the  vectors of data di. 
In both cases,   the results will be similar. The vector  υ can be 

found as a solution to an optimization problem. The Lagrange 
multiplier λ was introduced to the target function in order to make the  
vectorυ  singular: 
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First, we should find an optimum value of υ taking the derivative of 
(3) and equating it to zero: 
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After a simple  conversion of expression (2), we obtain the 
expression, which can be defined as the task of finding eigenvectors 𝜈 
and eigenvalues λ  matrix C=DDT: 
(5)                             λυυ =][ TDD  

After the eigenvectors and eigenvalues are calculated, we can 
calculate the so called eigenimages A that are, essentially, the 
components of our images in the course of the image recognition 
process. The latter involves comparing the principal components of an 
unknown image with components of all known images: 
(6)

                                  λ
υDA =  

After their eigenimages are calculated, we can design an original 
plot image to a limited number of eigenimages, and then restored the 
original image from the projection. The more appropriate set of 
eigenimages was selected for projections, the more the restored image 
resembled the original snapshot since less information was lost during 
transformations [4,5]. Three hundred positive and 300 negative 
snapshots were used to train the detector.  

This method was implemented in the Matlab environment for 
detection of microparticles in halftone images obtained by means of 
an electronic microscope (Fig.6). Using the approach implemented in 
this work will identify the optimal regimes of spraying   to obtain 
desired properties. 

In a first time, an estimation scheme based on artificial neural 
network [6-8] is proposed to predict the density and amount of 
spherical particles as a function of the process power parameters: arc 
carrent, dispersion of powder, spraying distance(Fig.7).   

 

 
Fig. 6 Detection results 

 
An important step in developing an artificial neural network  

model is the determination of its weight matrix through training. This 
part intends at minimizing the mean sum of squares of the network 
errors between the network outputs and the target outputs. A training 
mechanism called back-propagation training algorithm method is so 
far one of the most popular. 

In this work, the batch gradient decent with momentum al-
gorithm was used as the training of propagation at each level. 
(7)                  𝑌𝑁𝐸𝑇 = 𝑓(∑ 𝑤𝑖𝑗 

𝑞
𝑗=1 𝑓𝑗�∑ 𝑤𝑗𝑙𝑚

𝑙=1 𝑥𝑙 + 𝑤𝑗0� + 𝑤𝑖0) 
where f is the hyperbolic sigmoid function, wij is a weight for an input 
hidden layer, wji is a weight for an input component x1 and wio, wjo are 
a bias unit which always equals one. Each weight is adjusted to 
coincide with output and target by a gradient method. 

SCIENTIFIC PROCEEDINGS XI INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2014 ISSN 1310-3946

YEAR XXII, VOLUME 3, P.P. 20-23 (2014)21



The neural network parameters can be optimized by minimizing 
the error function e over the example. Thus: 

𝑒(𝑘) = 𝑦(𝑘) − 𝑦𝑛𝑒𝑡(𝑘) 
In the training step, the connection parameters were ad-

justed in such a way that, for the given input dataset, the 
neural network-predicted output dataset matched with the 
real output dataset. At the beginning of the training phase, 
the network connection weights are randomized values 
(generally close to 0). 

 
Fig. 7 Artificial neural network 

      
For a given set of inputs to the network, the response of each neuron 
in the output layer is then calculated and compared with the 
corresponding real output response. Then the prediction error 
associated with the output response is computed according to the error 
quadratic function defined by 
(8)                                   𝐸 = 1

2
∑ 𝑒𝑖2(𝑘)𝑁
𝑖=1  

The weights are adjusted to reduce the prediction errors through a 
back propagation algorithm where the error is back distributed to the 
previous layers across the network. The optimization of the 
connection weights is indeed performed by minimizing the error 
according to:  
(9)                                 ω𝑗𝑘 = ω𝑗𝑘

0 − µ 𝜕𝐸𝑘
𝜕ω𝑗𝑘

 

where wik
0 is the initial connection weight and µ the learning 

coefficient. This coefficient controls the degree at which the 
connection weights are modified during the training phase. Once the 
weights are modified, the next dataset is fed to the network and a 
new estimation is performed. The error is calculated again and back 
distributed across the network for the next modification. This 
iterative process is repeated until the prediction error decreases to 
defined criteria. 

For date we use fuzzy logic which  replaces the role of the 
mathematical model and replaces it with another that is build from a 
number of smaller rules that in general only describe a small section 
of the whole system. The process of inference binds them together to 
produce the desired outputs. The purpose of control is to vary the 
behavior of a system by changing an input or inputs of this system 
according to a rule or a set of rules that model how the system 
operates [9, 10]. 

A fuzzy expert system is an expert system that uses a collection of 
fuzzy membership functions and rules, instead of Boolean logic, to 
reason about data. As a term-set of the first input variable X1 - arc 
current T1 = {"SMALL", "MEDIUM", " HIGH "}, or in symbolic 
form T1 = {SC, MC, HC} with the membership functions of the terms 
shown in Fig. 8.  

As the term set of the second input variable X2 dispersion of the 
powder used set T2 = {''SMALL "," MID ","LARGE"} or in symbolic 
form T2 = {SP, MP, LP} with the membership functions of the terms  
looks like Fig. 7. As the third term set of the linguistic variable X3 - 
spraying distance is used a lot of T3 = {"LOW", "MID", "HIGH"} or 
in symbolic form T3 = {LD, MD, HB} with the membership functions 
of the terms  looks like Fig. 8. 

 As a term-set output variable Y - parameter coating - the number 
of spherical particles will use a variety of Y = {"very SMALL ", " 
SMALL", "medium", "BIG", "very BIG"} or symbolically TY = {VS, 
S, M, B, VB} (see Fig. 9).  

Fig. 8  The membership function of the input variable arc current 

 
 

Fig. 9   The membership function of output parameter - the 
number of spherical particles 

 
In our research for this purpose we used: a genetic algorithm and 

Bayesian network. They differ parallel processing a plurality of 
alternative solutions, concentrating on the search of the most 
promising.  

In operation, the first algorithm used operators: selection, 
crossover, mutation [6]. When training the neural network is 
preferably used a method of regulation based on a probability of 
Bayes [11], which allows to determine a weighting vector w, in which 
the dependence of the output signal from the input has a smooth 
appearance. Based on Bayes theorem for conditional probability 
density describing the distribution of the weight vector w, we can 
write: 

(10)     𝑝(𝑤 𝐷𝐾⁄ ) =
𝑃(𝐷𝐾 𝑤⁄ )𝑃(𝑤)

𝑃(𝐷𝐾)
, 

 where P (DK) - probability density, which is a constant; P (w) - a 
priori probability density at which most likely are small values of the 
weighting coefficients; P (DK/w) - the posterior probability density is 
determined by the formula: 
𝑝(𝐷𝐾 𝑤⁄ ) = �
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In this formula:𝑦𝑖(𝑥𝑘 ,𝑤) - a deterministic function and meet the 
expectation of the output variable; yik - output value of at standard 
deviation σy; K, m - the number of neurons and layers.  
The most probable weight vector w found from the condition:      
                                𝑤 = 𝑎𝑟𝑔max𝑤 𝑝(𝑤 ∕ 𝐷𝐾) 
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4.Conclusion 
1. We designed reliable developed method of the spherical micro-

particle detection made by the Principal Component Analysis in 
the Matlab environment.  

2. We use neural network for plasma spraying with Bayesian 
framework for backpropagation optimization the weights of the 
networks. We have developed an interface (Fig.10) for setting 
parameters of this process, to produce  the necessary properties 
of surface.  

3. The modern process unit (Fig.11, Fig.12) for plasma spraying 
was used in our research 

4. In the future we will  try to develop new system of structure 
investigation based on theory of Fractals. 
 

 

 

 
 
Fig. 12 Apparatus UPS 28 for plasma spraying on dental implant 

Fig. 10 An on-line interface for set of the spraying 
 
 

 
 

Fig.11  Process of plasma spraying on titanium with bioactive 
materials inside chamber 
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