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Introduction

Women's clothing, made in ethnic style, today is in great demand among the population of Ukraine. One of the important issues when creating costumes for women, decorated with embroidery with national ornaments, is the availability of complete information about types and methods of decoration, and the ability to reproduce the same information when making clothing.

Analysis of Techniques of producing national ornaments using embroidery, showed that top women's clothing is often decorated with embroidery made in technique “cross”. Today ornament technique “cross” is reproduced in mass production using embroidery machines, as hand embroidery implementation is a laborious work and it requires high skill workers. Because of the absence of technical parameters of this technique, machine embroidery performance in determining of embroidery thread thickness, stitch length and therefore the size of the “cross”, all these components became more complicated. So, an important focus of research is to determine the technical parameters of embroidery, performed by the cross elements (СЕ) [1].

The research of CE stitch length and recommendations for the practical use of the results

CE transverse dimensions are equal to the longitudinal dimensions, so it is possible to describe the size of the object in one dimension. However, numerical characteristics of the CE linear dimensions are different and may vary within the studied clothing group (waist, shoulder). A large number of numerical data requires mathematical statistics methods when processing measurement results. 

Therefore, it is necessary to use an improved method of determining parameters of embroidery wich allows you to determine the minimum, maximum and optimum size of CE [2], to calculate the cost of threads in the manufacture of embroidered ornaments.

If CE stitches are situated at right angles, they intersect the middle (center CE) and have the same length (the ends of the stitches should be at the same distance from the intersection). According to the method of determining technological parameters [2], the first parameter for technological research is a CE stitch length. The research of this option can help us to determine the optimal size of the CE.

Measurements were made according to the method of determining the linear parameters of CE embroidery using the program "Kview" [3]. 

Stitch length LCЕ (mm) is proposed to be determined by the formula (1):
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, (1)

where pl  - number of raster points in the measurement of the length of the CE; pb - number of raster points in the measurement of the width of CE; k – scan resolution. The size of  CE SCЕ (mm) is calculated by the formula (2):
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where LCЕ - stitch length, mm.

Тhread diameter DСЕ  (mm) is determined by the formula (3):
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where dх - number of raster points in the measurement of thread diameter by coordinate x; dy - the number of raster points in the measurement of thread diameter by coordinate y; k - scan resolution.

Dependence of stitch length 
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where 
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- the size of the embroidered CE ornament (mm). 

So, it was found that the dependence of the stitch length on CE is linear (fig. 1).
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	CE size of Ukrainian national women's shoulder and waist clothing, mm


Fig. 1. Dependence of the stitch length from СE size in Ukrainian national women's clothing

Dependence helps to calculate the flow filaments L (mm) for embroidered ornament with double cruciate elements (DCE) [4] by the formula (5):
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where n - number of DCE in embroidered ornament (units); k - factor for the compression of materials for costumes range, equal to 0,9; h - the thickness of the material which is used when making embroidered ornament, mm.

Studies of CE size and recommendations for their practical application

Measuring the sizes of CE embroidery allowed to determine the minimum, maximum, optimum sizes of CE and frequency of its meeting. (
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For the analysis of CE embroidery parameters, all traditional clothes decorated with embroidery in "cross" technique  (amount - 100 units), were divided into two groups: shoulder and waist clothing (50 products in each group). Research of technological parameters was made separately in each group. It was found that in shoulder clothing, decorated with embroidery ornaments, the smallest size of CE is – 1,59 mm, and the biggest – 6,47 mm. Frequency of CE size meetings 
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where 
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In amount of 50 units of shoulder clothes, number of partial ranges is 5. It was determined that the frequency of occurence of CE with the middle of partial intervals with 2 mm size is equal to FoMcsh1=0,18; 3 mm FoMcsh2=0,5; 4 mm FoMcsh3=0,16; 5 mm FoMcsh4=0,10; 6 mm FoMcsh5=0,06. Graphic representation of frequency of use of CE sizes in shoulder and waist clothes are shown in histograms (fig. 2 a,b).

	Frequencies of use, %

	
[image: image14.emf]2 3 4 5 6

0

10

20

30

40

50



	Middles of partial intervals, mm



	a)
	Frequencies of use, %


[image: image15.emf]2 3 4 5

0

10

20

30

40

50


Middles of partial intervals, mm

b)

	Fig. 2. Frequency of CE size use in women's clothing: 

a) shoulder; b) waist


Histogram analysis allowed us to determine the maximum frequency of use FoMcsh2=0,5, which corresponds to the CE with the middle of partial interval equal to 3 mm.

In waist clothing, wich is decorated with embroidered ornaments, CE size ranges from 1,54 to 5,45 mm. Reducing of the CE size in ornaments of waist clothing, in comparison with the shoulder, can be explained by the fact that the last is thicker. So, waist clothes can be easier decorated with smaller CE.

In amount of 50 units of waist clothes, number of partial intervals is 4. It allows to get integers of calculated mids of partial intervals: 2 mm, 3 mm, 4 mm and 5 mm. 

It was determined that the frequency of CE meeting in the women's waist clothes with the middle of partial interval with the size of 2 mm - FoMcw1=0,34; 3 mm - FoMcw2=0,44; 4 mm - FoMcw3=0,18; 5 mm - FoMcw4=0,04.

Analysis of the CE meeting histogram of women's waist clothes (fig. 2 b), determined to calculate the maximum frequency of meeting FoMcw2=0,44. It is equal to CE with the middle partial interval equal to 3 mm, there is no difference between it and shoulder wear.

The next step is determining of CE size, which was used in the decoration of the traditional dress, is the union of these two groups (shoulder and waist clothes). In today's women's suit CE sizes of jacket and skirt must be the same, as they both will be decorated with the same kind of ornament.

The combined information (sample size - 100 units) is divided, according to recommendations [5], into 10 partial intervals. Association of samples allowed to increase the accuracy of determination of frequency of meeting CE  sizes. Dimention of partial interval is equal to 0,5 mm. It was found that for female costume CE size from 1,54 to 6,47 mm may be used. The maximum frequency of meeting FoMcshw2=0,28 – is equal to CE with the middle partial interval 3,25 mm (fig. 3).
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Fig. 3. Frequencies of CE sizes meeting in women's shoulder and waist clothes

Histogram analysis allowed us to determine the size of CE (2 to 4 mm) that can be recommended for the manufacture of women's suits produced taking into account Ukrainian national traditions (these are the CE sizes found in 72% of products).

Research of CE thread diameter and recommendations for its application

The CE threads diameter was found using method of determining the technological parameters. For the study amount of used samples - 100 products of national dress of shoulder waist groups. It was found that in clothing, which is decorated with embroidered ornaments in technique "cross", the smallest CE thread diameter – 0,22 mm, and the largest – 0,38 mm. However, producers can not choose strings, focusing only on their diameter. More informative characteristics when choosing threads are linear density and metric number. For converting the thread diameter in metric number N (m/g), formula (7):


[image: image17.emf]N =1000 ⋅



A

d ⋅ 31,6



2

, (7)

where d - thread diameter in embroidered ornament in women's traditional dress (mm); A - coefficient that depends on the composition of the raw materials. 

The linear density T (tex) is calculated using the formula (8):
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As composition of the raw materials of the threads that are used to decorate the traditional dress is different from modern clothes, you must define determination of factor A. A coefficient determination was done with the help of comparison of diameters and linear density (numbers) of modern strands of threads that are used in the manufacture of Ukrainian national dress [6,7].

The proposed method of measuring the diameter of the threads, allowed us to determine the coefficient A without destroying the ornament-samples of traditional dress (determination of thread diameters was done using VC of traditional dress).

For determination of coefficient A, experimentally established correspondence of thread diameter number. Using data of matching diameters to numbers of threads, formula (7), using method of smallest squares, we found coefficient A=1,69 for threads that were used in samples of Ukrainian national clothes.

A definite factor allowed to get analytical dependence of thread diameter that is used in the manufacture of Ukrainian national clothes and modern numbers of threads for embroidery (fig. 4).
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Fig. 4. Dependence of thread number on CE thread diameter, that was used in the samples of Ukrainian national women's shoulder and waist clothes

Analytical dependence of number N (m/g) and linear density T (tex) were determined on the basis of experimental data (fig. 4) can be represented by formulas (9,10):
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Table of matching embroidery thread diameter and linear density numbers (obtained using formulas 9,10) can be used to select the most matching thread for embroidery.

It was found that the thread diameter – 0,21 mm corresponds to №65, linear density 15,4 tex (the smallest CE thread diameter). The largest CE thread  diameter  – 0,44 mm corresponds to №15 and linear density 67,7 tex.

However, the set parameters do not allow to make a clear conclusion about the frequency of meeting thread diameter that makes the determination of the most common threads in the national dress difficult.

When sample size is 100 units (traditional dress) number of partial intervals is 4. It allows to calculate the middle of partial intervals that corresponds to the numbers of embroidery threads 25, 35, 45 and 55.

It was determined that the frequency of meeting of CE thread numbers with the middle of partial intervals №25 is equal to FoMcth1=0,19; №35 – FoMcth2=0,35; №45 – FoMcth3=0,3; №55 – FoMcth4=0,16. Frequencies of meeting of CE thread numbers are shown in histogram (fig. 5).
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Fig. 5. Frequencies of meeting of CE thread numbers that were used in the samples of Ukrainian national women's shoulder and waist clothes

Histogram analysis allowed us to determine the maximum frequency of meeting FoMcth2=0,35 - it needs the string №35, while the number of threads from 30 to 50 can be met in 65% of clothing, decorated with ornament in "cross" technique .

Therefore, the decoration of modern women's suits requires using embroidery threads with numbers from 30 to 50.

Research of colours of threads that were used in samples of Ukrainian national women's shoulder and waist clothes

The study was conducted to determine what colours are often used in the decoration of national clothing.

We used shoulder and waist groups of national clothes for this research, as woman's suit contains both groups. One hundred sampling units contain 11 colours of threads with wich products are usually decorated.

It was found that often used thread colours are: red (FoMcol1=72 units), black ( FoMcol2=63 units) and burgundy (FoMcol3=51 unit) however, other colours (except the grey one FoMcol12=4 unit) are also met quite often.

It was determined that in the embroidery of Ukrainian female national costumes only shades of colours were used, because existing at the time dyes didn't allow to get the colours from the RGB parameters equal to 255 (for example, red: R=255, G=0, B=0) [8].

Using the results of studying the diagram was built. It shows the frequency of thread colours usage in embroidery of ornaments in the women's clothing (fig. 6) which shows that the creation of embroidered ornament requires only 11 colours.
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	The colors of embroidery threads


Fig. 6. Frequency of colour usage in the embroidery of national ornaments on female clothing

This study identified the limits and shades of primary colors that were used for making Ukrainian national costume. This RGB parameters may be used for selecting a thread color palette for embroidery of modern female costume taking into account Ukrainian national traditions.

Manufacturers are developing special palettes that have more than 500 shades of colors. So, to make a selection we are to have directories of different companies, wich makes it difficult to compare the color tone between themselves and their choice.

Taking into account this complexity, electronic database was created. It shows all colours of embroidery threads with the ability to select the desired tone (COLOR.ODS).

 Database columns include the  information that can be divided into two groups: codes of manufacturers and colours of embroidery threads (are used for ordering); color settings of models HSV and RGB (used for automated visual inspection and choice of colors).

To identify the color of embroidery of contemporary costume and embroidery of traditional clothing we have to determine the color parameters of the Ukrainian national embroidery, using technique [9].

RGB parameters are put in the first line of thread colours database. In the last column the word "color" is automatically highlighted , which indicates the presence of threads of that color. The search result is color code of a thread for ordering.

Summary

We determined the dependence of the linear density and thread number from its diameter in Ukrainian national women clothing. Therefore, for modern women's suits decoration it is recommended to use embroidery thread numbers  from 30 to 50.

It was determined that often in Ukrainian national embroidered ornaments red and black colours of embroidery threads are used. It was established that 11 basic colours palette is enough to execute any national embroidery ornament.

An electronic database was developed. It includes all contemporary colours of embroidery threads of leading companies, which allows to choose colour shades with the help of RGB parameters for modern women's suits decoration.
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