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INTRODUCTION

Modern composite materials constitute a significarportion of the engineered materials mark
ranging from everyday products to sophisticatedh@iapplications. Increasingly enabled, by the thimtion of
newer polymer resin matrix materials and high penfince reinforcement fibers of glass, carbon aadat, the
penetration of these advanced materials has weadeassteady expansion, in uses and volume. Foaice
applications, the use of composites, rather thatialsibas in fact resulted in savings of both castwaeight. Some
examples are replacements for welded metallic pagiisforcement, tubes, ducts, blade containmentib&tc [1-
6].

For example, in [3] the possibility of using of baomo macro-, micro- and nano fibers as reinforcenren
organic and inorganic matrices is considered. n fde possibility of using composite materialssandwich
panels with reinforcement ribs or webs for strugtuapplications in engineering is considered. lh fige
possibility of using cellulosic fiber fabrics anteir fabric reinforced polymer composites as raicéoent

materials within and/or outside of construction enatls (eg concrete) is explored. It is also shakat careful
selection of reinforcement type enables finisheddpct characteristics to be tailored to almost apgcific
engineering requirement. Therefore, the interegtalymer composite materials is rapidly growingtbat terms

of their industrial applications and fundamentalearch.

A special place among composite materials is oetlpy natural fiber-reinforced polymer composi
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materials. Unlike conventional materials (e.g.eBtethe properties of the natural fiber-reinforgedlymer composite
materials can be designed considering the strdcagpects [7-11]. But, there are many factors ttwat change the
properties of natural fibre reinforced polymer casipes. Due to this, it is essential to illustratel record the properties
of these fibres, and investigate new source ofiegipbns of fibres in composites. In order to addrthese issues in detalil,
it is necessary to use the image processing proegéhr the investigation of the fiber. For this,js important to have

high-quality images composites, which are made uadwsicroscope.

MATERIALS AND METHODS

Wavelet Analysis as a Tool for Study

One of the promising methods for image processgwviavelet analysis. Wavelet analysis is a way athd
mining, for extracting additional information aboptocesses under study. Such information is exdadtom the
discontinuity points. Discontinuity point is a spantermittent transition, in some processes. & ithage, the point of
discontinuity is the brightness change. Analyziig tpoint discontinuity us to determine the preseontespecial

characteristics of the analyzed image, as wehagbint, where these characteristics may arisel3p

Behind the formalization of the continuous wavetansform, there’s the use of two continuous artdgirable

along the whole axisfunctions [12, 14]:

— wavelet — functionp(t) with zero integral value

Telt)t=0 1)

determining the details of the signal and genegagixtended fractions;

— scaling functiond(t) with a unit value of integral

To(tht=1 @)

determining a rough approximation of signal andegating approximation coefficients.

Using formula (1) and formula (2), we investigaftetite images by decomposing source data in a jitirad
approximate and detailed coefficients. This decasitmm is done, according to the rows and columhshe original
image. We obtain the matrix of horizontal and attidiscontinuities of the original image. Then @gnbine the matrix
of horizontal and matrix vertical discontinuitiektbe original image. So, we get a new image tlzest een transformed

with wavelets. This allows us to do image segmé@nagiven the areas of interest.

But to ensure the reliability of the detection d$abntinuities, it is necessary to carry out thecedure of

enhancing the contrast of the image [14, 15].
Contrast Modification as an Addition for Wavelet Analysis

Contrast modification — one of the stages of pregssing of microscopic images [15, 16]. Contrastnis of the
main characteristics of the image; it is direci#jated to the brightness of pixels that are thecgsuof information about

the objects in the image. Therefore, changing thrast of the image allows improving both imagecpption accuracy,
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as well as the efficiency of its further processiagcuracy wavelet analysis. Modifying the contiafsthe image makes
some of its details more distinct. This emphasithes points of discontinuity. Therefore, this is ion@ant for wavelet

analysis.

By increasing the contrast of the image (pixelglinidual image points), highlights become lighterdadark
image regions become darker. When reducing imag&ast, on the contrary, there is an expansiomefaverage gray-

level range. Dark pixels become lighter, and ligixels become darker and partially transform i@ midtones [17].
Data for Analysis

For analysis, we use images that are obtained lansef scanning electron microscopy (Figure 1).

Figure 1: Image of Polymer Composite

We see that, that clusters micro-grains of compasiimple is the inhomogeneous and deformed at soigpic
level and therefore can be, for example, the re&soresistive ac conduction. Bright areas obseiivetthe SEM (electron

microscopy) micrograph are due to the strong réfias from aluminum nitrate particles embeddechmttost matrix.

Therefore, important highlight these plots and ssdbeir area. For this we use wavelet analysis iaradje

processing technology.
RESULTS AND DISCUSSIONS

To study the image of composite materials, we aks® the noise removal procedure. Noise - fine grairthe

image. This noise will affect the results of theqassing. Then the general analysis procedureisrsin Figure 2.

To remove noise we use the median filter. Thisésrhost common method of removing noise. This ntetiees
good results [15]. Then, after removing the noiae, apply the procedure for changing the contrasthef image.
The following methods can be used to change thérasmnof the image: histogram equalization of binglss values
(luminance), non-linear stretching of dynamic ranfdrightness values, vasks filtering, fuzzy magkj18, 19]. We use

the method of histogram equalization. This is apégnand quality method for changing the contrastrofmage.

The results of application of median filtering acwhtrasting procedures can be clearly seen on &iguwhich
shows the histogram of the original image (Figued, 3mage after filtering (Figure 3b), image affidtering and

contrasting (Figure 3c).
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Figure 2: Sequence of Analysis of Composite Matellgusing wavelet
Analysis and Image Processing Technology

Now we will do the wavelet transform. For this, wee the general algorithm of wavelet analysis lier image

analyzing [14, 17, 19]. This algorithm is describedhe section — Wavelet analysis as a tool fodt
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Figure 3: Histogram of Images that are Explored

Figure 4 shows the results of wavelet analysis,different images: original image (Figure 4a), ireaafter

filtering (Figure 4b), image after filtering andrdeasting (Figure 4c).

a) Original Image b) Imagafter Filtering
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c¢) Image after Filtering and Contrasting
Figure 4: Results of wavelet Analysis
In Figure 4c, the areas of interest are distingedsmore clearly, than in Figure 4a and Figure 4b.

Now, we will do the segmentation of the images iguFe 4. This will show us the difference betweka tesults
of processing the original image. For segmentatiom,use a difference in shades between individtedsaof interest.

We can say that this color segmentation, whereausof the color values we use the value of shH@s

In Figure 5, it shows the results of segmentationdifferent images: original image (Figure 5a)ame after

filtering (Figure 5b), image after filtering andnteasting (Figure 5c¢). Areas of interest are higfmied in blue.

We can see a different selection of areas of istefd the same time, the total area of areastefast is equal to

18% of the total area of the image (it was deteethiby experts).

After processing the original image (Figure 4a), segmented 37% of the image area, which is idedtifis an
area of interest (Figure 5a). We see a lot of fptsats. After processing the image in Figure 4bsegmented 14% of the
area of the image, which is identified as an areaterest (Figure 5b). We see that some pointsnatesegmented.
After processing the image in Figure 4c we segnmki®% of the area of the image, which is identifiedan area of
interest (Figure 5c). We got the most accurate sagation. But we also have an error of 1%. Thig mistake due to the
fact that it is difficult to identify all points ofnterest on the source image. But wavelet transfition and image

processing technology allow more precise deternanaif points of interest.

’ .“..k‘ .2 (ﬁ; R L

) @riginal Image b) Imagafter Filtering
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c¢) Image after Filtering and Contrasting
Figure 5: Results of Segmentation
CONCLUSIONS

We examined the possibility of using wavelet anialyand image processing technology, for the stufly o
composite materials, which are used in the engingeiwe showed a sequence of analysis of imagesopfposite
materials, which gives a good result. This is dbyeallocating specific features on the image of fhé/mer composites
with a special emphasis on the impact of scaleesllt is also important to use a contrasting pstaoe before performing

wavelet analysis.

We have shown that using wavelet analysis and inpageessing technology allows you to select thasithat
are being analyzed. This selection is the accurBités allows for someone to better perceive théedbhces between

uneven and cracked surface in polymer compositidhis. is important for the use of composite materiangineering.
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