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FASHION DESIGN OF SILHOUETTES WITH  
THE USE OF 3D ELEMENTS 

 
Petya Dineva, Julieta Ilieva 

Faculty of Technics and Technologies of Yambol,  
Trakia University of Stara Zagora, Bulgaria 
Graf Ignatiev 38, 8600 Yambol, Bulgaria 

e-mail: petya.dineva@trakia-uni.bg, zhulieta.ilieva@trakia-uni.bg 
 
 
Abstract: An investigation of the possibility of fashion design of the different type of silhouettes with 
the use of 3D elements is the main aim of the paper. The silhouettes are non-volumetric and 
volumetric and 3D elements are more suitable for design of volumetric ones. For the realization of the 
purpose models of ladies’ dresses in different types of volumetric silhouettes with the use of different 
types of 3D elements are designed. 
One more silhouette – combined one can be added to the classification of the silhouettes. This type of 
silhouette can be combination between volumetric and non-volumetric shapes, or mixture of only 
volumetric ones. Every type of 3D elements can be used in design of volumetric silhouettes. And these 
types are: draperies; one-sided, bi-sided, and covered tucks; gathers, one-sided, bi-sided, and 
covered plates; goffers; ruffles; ribbons. 3D elements can be used in the fashion design of different 
types of silhouettes as elements which combined decorative and constructional function, or as only 
decorative ones.  
Keywords: fashion design, silhouettes, 3D elements, ladies’ dresses.  

 
 
1. INTRODUCTION 
 
The silhouettes of the ladies’ clothing are twelve [1, 2] and they are defined by their level of 
fitting at the waist, and can be marked with geometrical shapes, letters, or objects. According 
to their fitting at the body shape the silhouettes can be determined as non-volumetric and 
volumetric ones. Non-volumetric silhouettes, presented in Figure 1, are these which usually 
are defined by their fitting at the waist. They are close fitted at the bust and waist, fitted at the 
waist, semi fitted at the waist, and non-fitted at the waist. In the volumetric silhouettes, shown 
n Figure 2 and 3, some parts are with the shapes which are bigger than the relevant form of 
the human body. They are usually determined by geometrical shapes, letters and objects. 
These of them, which are fitted at the waist and presented in Figure 2, are Y, Y turned, X, 
Flower, and Vase. These of them, which are non-fitted at the waist and shown in Figure 3, 
are A, O, and V forms. One of the ways for design of the different types of silhouettes is the 
use of 3D elements. But 3D elements are more suitable for fashion design of volumetric 
silhouettes. 
An investigation of the possibility of design of the different type of silhouettes with the use of 
3D elements is the main aim of the paper. For the realization of the purpose models of ladies’ 
dresses in different types of volumetric silhouettes with the use of different types of 3D 
elements are designed. 
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Close fitted at the 
bust and waist 

 
Fitted at the waist 

 
Semi fitted at the 

waist 

 
Non-fitted at the 

waist 
 

Figure 1. Non-volumetric silhouettes 
 

     
 

Y 
 

Y turned 
 

X 
 

Flower 
 

Vase 
 

Figure 2. Volumetric fitted at the waist silhouettes 
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A 
 

O 
 

V 
 

Figure 3. Volumetric non-fitted at the waist silhouettes 
 

2. THE USE OF 3D ELEMENTS FOR DESIGN OF DIFFERENT TYPES OF 
SILHOUETTES 

 
Figure 4 presents a lady’s dress in Y shape silhouette. The Y form is a result of volumetric 
sleeves with a lot of ruffles. 
Figure 5 presents a model of a lady’s dress in Y turned silhouette. The Y turned form is 
designed by mixed one-sided and bi-sided plates, which are partially sewing on under the 
waist. 
Figure 6 shows a lady’s dress in X form silhouette. The down part of the model is designed 
with bi-sided plates.  
Figure 7 shows a model of a lady’s dress in X shape silhouette. The down part of the 
silhouette is formed with bi-side plates which are partially covered each on other. 
Figure 8 presents a lady’s dress in X shape silhouette. The down part of the model is 
designed with goffers. The upper part of the dress combines V form neckline with ribbons on 
the shoulders. 
Figure 9 shows a model of a lady’s dress in silhouette, which is named ‘flower’. The 
expansive volumetric down part of the dress is formed with the use of deep mixed one-sided 
and bi-sided plates, which are partially sewing on under the waist. 
Figure 10 presents a lady’s dress in ‘flower’ silhouette too. The expansive volumetric down 
part of the model is a result of an intensive gather. The volumetric down part of the dress is 
underlined by a big ribbon. 
Figure 11 presents a lady’s dress in silhouette ‘vase’. The volumetric down part of the model 
is designed by bi-sided tucks. 
Figure 12 shows a model of a lady’s dress in ‘vase’ silhouette. The silhouette’s form is a 
result of one-sided tucks. 
Figure 13 presents a lady’s dress in A form silhouette, which is a result of goffers. 
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Figure 4. Y form silhouette, 

designed with ruffles 
Figure 5. Y turned silhouette 
with one- and bi-sided plates 

Figure 6. X silhouette with 
bi-sided plates 

 

  
Figure 7. X silhouette with bi-sided partially 

covered plates 
Figure 8. X silhouette with goffers in the 
down part and ribbons in the upper part 
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Figure 9. Silhouette ‘flower’ with deep one- 

and bi-sided plates 
Figure 10. Silhouette ‘flower’ with intensive 

gather and big ribbon 
 

 
  

Figure 11. Silhouette ‘vase’ 
with bi-sided tucks 

Figure 12. Silhouette ‘vase’ 
with one-sided tucks 

Figure 13. A silhouette with 
goffers 
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The analysis of the fashion trends since 2015 shows that some fashion brands have 
promoted ladies’ garments in silhouettes, which can be defined by any of classified ones. [3] 
These unclassified silhouettes mix 2 ore 3 known silhouettes, combinations between 
volumetric and non-volumetric shapes, or mixtures of only volumetric ones.  
Figure 14 presents a lady’s dress in a silhouette which combines Y shape and ‘vase’ form. 
The shape of the upper part of the model is a result of volumetric sleeves with bi-sided tucks. 
The form of the down part of the silhouette is got by a peplum with bi-sided tucks. 
Figure15 shows a lady’s dress in a silhouette which combines Y shape and ‘vase’ form too. 
The shape of the upper part of the model in Y silhouette is a result of volumetric sleeves with 
bi-sided tucks. The down volumetric part of the dress is designed by free draperies.  
Figure 16 shows an asymmetric lady’s dress in mixed silhouette. The shape of the down part 
of the dress is a result of asymmetric peplum with bi-sided tucks. The left part of the peplum 
is more volumetric than the right one. The form of the upper part of the dress is a result of 
sleeves with tucks and a big ribbon. The asymmetric shape of the dress mixes X silhouette in 
the left part and a combination of Y form and silhouette ‘vase’ in the right part of the model. 
Figure 17 presents a model of an asymmetric lady’s dress which combines Y shape in the 
upper part and ‘vase’ form in the down part. The down part mixed draperies in the right and 
bi-sided tucks in the left. 
Figure 18 presents a model of a lady’s dress which mixes silhouette ‘vase’ in the right and 
combination between Y shape and ‘vase’ in the left. The form of the right down part of the 
dress is designed with draperies and the form of the left down part of the model is a result of 
the use of tucks and ruffles.  
Figure 19 shows a model of a lady’s dress which mixes fitted at the waist silhouette in the 
right and combination between Y shape and ‘vase’ in the left. Y and ‘vase’ silhouette in the 
left are designed with ruffles.  

 

   
Figure 14. Mixed silhouette 

with bi-sided tucks in 
volumetric parts 

 Figure 15. Combined 
silhouette with tucks in the 
upper part and draperies in 

the down part 

Figure 16. Mixed silhouette 
with a ribbon and tucks in the 
upper part and tucks in the 

down part 
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Figure 17. Mixed silhouette 
with draperies and tucks in 
the down part of the dress 

Figure 18. Mixed silhouette 
with draperies and ruffles in 
the down part of the dress 

Figure 19. Combined 
silhouette with ruffles in the 

left part of the dress 
 

3. CONCLUSIONS 
 
One more silhouette – combined one can be added to the classification of the silhouettes. 
This type of silhouette can be combination between volumetric and non-volumetric shapes, 
or mixture of only volumetric ones. 
Every type of 3D elements can be used in design of volumetric silhouettes. And these types 
are: draperies; one-sided, bi-sided, and covered tucks; gathers, one-sided, bi-sided, and 
covered plates; goffers; ruffles; ribbons. 
3D elements can be used in the fashion design of different types of silhouettes as elements 
which combined decorative and constructional function, or as only decorative ones.  
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TEXTILE PATTERNS BASED ON ANCIENT EGYPTIAN ORNAMENTS 
 

ElSayed A. ElNashar1, Zlatin Zlatev2, Julieta Ilieva2 
1Faculty of Specific Education, Kafrelsheikh University, Egypt 

El-Geish Street, 33516 Kafrelsheikh City, Egypt, e-mail: smartex@kfs.edu.eg  
2Faculty of Technics and Technologies, Trakia University, Bulgaria Graf Ignatiev 38, 8602 

Yambol, Bulgaria e-mail: zlatin.zlatev@trakia-uni.bg, zhulieta.ilieva@trakia-uni.bg 
 
 
Abstract: A developed digital collection of textile patterns is presented Iin the report. As objects in this 
collection designed modern textile prints developed on the basis of elements of ancient Egyptian 
costume are included. Software tools are developed to obtain colors, shapes and descriptions of the 
used ancient Egyptian elements. The resulting elements are in vector format, and can be used in CAD 
systems and spreadsheets. Descriptions of these motifs can be used for comparison with such 
elements from other national costumes. 
Keywords: Digital collection, Ancient Egypt, Ornaments, Colors, Image processing, Textile Patterns. 

 
 
1. INTRODUCTION 
 
Ancient Egypt has left a certain imprint on the art of Mesopotamia. Various geometric shapes 
decorate the walls of tombs, sarcophaguses, household items, clothing and other textiles. 
The costume of ancient Egypt and its decorative elements inspire designers in the design of 
clothing and textiles [9]. More than one are the examples of the use of these ancient 
elements. 
The actuality of the theme of the conceptual dimensions of the historical costume of ancient 
Egypt, its ornaments and colors, as well as its implication in modern fashion is the fact that 
seek sources of inspiration of the founders of today's fashion brands and fashion lines closer 
or more distant historical horizons, but fashion never returned as something frozen. 
Famous fashion designers are inspired by the long past ages, it is recognized by many as 
fact, but the logic of the emergence of new forms and silhouettes other, not as it is formed 
during the initial generation [5]. 
To preserve the authenticity of ornaments and colors of ancient Egypt and the use of 
decorative elements on clothing to create patterns, decoration of clothes [2, 3], at 
contemporary stage are applied analytical techniques and image processing [4]. 
The resulting colors, shapes and metadata for elements of ancient Egypt can be used to 
create a digital collection, which consists of the following main components [1]: 
 Collection – organized groups of objects; 
 Objects – digitized materials; 
 Metadata – information about objects and collections of them; 
 Initiative for development and use – programs and projects for creating, organizing and 
managing of the collections. 
A digital collection have to consists digital objects that are selected and organized to facilitate 
their discovery, access, and use. Objects, metadata, and the user interface together create 
the user experience of a collection. 
The aim of this report is to develop software tools to obtain colors and shapes of ancient 
Egyptian costume and based on them to design modern textile prints by creating a digital 
collection of them. 
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2. SOFTWARE TOOLS FOR OBTAINING SHAPES AND COLORS OF DECORATIVE 
ELEMENTS FROM ANCIENT EGYPT 
 
For the purpose of this work was created a program in Matlab environment [7] to extract 
contours, radius-vector functions and color palettes from images. As a result the developed 
algorithm allows the designer to choose shapes and colors, and to selecting those that meet 
the needs of a specific project. Also results from this algorithm can be used for automatic 
comparison between elements of clothes and fabrics of different nationalities. 
 
2.1. Extraction of contour of the element in the image 
 
The algorithm to obtain the contour of the element in the image is performed in the following 
sequence (Figure 1): 
 Loading of the original image; 
 Conversion from RGB to Lab color model. Used is only the L component; 
 Binarization of the image; 
 Filtering of the image; 
 Removing of small objects as points and parts of background; 
 Determination the contour of the object by function “imcontour”; 
 Recording the coordinates of the contour in file. 
Using the channel Lightness is suitable for practical purposes because working with this 
channel does not differ significantly from tone correction of the image like transformation into 
gray, but unlike aggregated curves as in RGB or CMYK color models that are also hardware-
dependent, LLab component does not affect the color saturation, and account for changes in 
brightness. 
 

    

 
a) original image 

 
b) L color 

component 

 
c) “imcontour” 

function 

 
d) contour of the 

element 
 

Figure 1.  
Stages of the algorithm for extracting of contours from decorative element 

 
The obtained contours in vector format can be processed in CAD systems such as AutoCAD, 
as well as in spreadsheets such as MS Excel (figure 2). The extraction and representation in 
these software products is made as described in [11]. 
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a) in AutoCAD 
 

b) in MS Excel 
 

Figure 2.  
Extracted Lotus ornaments represented in AutoCAD and MS Excel 

 
2.2. Descriptions by radius vector function 
 
It is used a radius-vector function [8], which reflects the dependence of the magnitude of the 
vector spent by particular point on the inside of the object (centroid) to any point on the 
border of its inclination relative to a positive X-axis of the coordinate system. The beginning 
of this vector is usually accepted some typical for the object point, as in this case, the center 
of mass of the arrangement at issue. When the 0 to 360о, then the vector completely 
bypassing the outside used as the description of the shape of the object. Figure 3 presents 
the stages upon receipt of the radius-vector function of decorative element. 
The same algorithm for determination the contour of an object in an image is used to obtain 
the radius-vector function. Features have been added for finding the center of mass of the 
object (centroid) and for calculation of radius of this center to all points on the contour. The 
resulting characteristics finally are recorded in a file. 
 

    

 
a) original image 

 
b) L color 

component 

 
c) centroids of all 

leaves 

 
d) radius-vector 

function 
 

Figure 3.  
Stages of the algorithm for obtaining of radius-vector function 

 
An electronic catalog is made with the coordinates of the contours of ancient Egyptian motifs 
consisting of 50 motifs. The catalog is supplemented with radius-vector functions. The 
obtained contours can be used to create textile prints and the radius vector function in the 
comparison with Egyptian motifs with those of other nationalities to detect similarities 
between them. 
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a) original image 

 
b) extracted twelve  

colors 

 
c) Lab color wheel 

 
Figure 4. 

 Example of extraction colors from image 

 
2.3. Obtaining of colors of the image 

 
The algorithm presented in [12] is used to obtain the colors of images. The work of the 
algorithm is presented in Figure 4. The original image and this reduced to seven colors. The 
rectangles filled with the resultant colors are numbered. This numbering is used to indicate 
the RGB values in the range 0÷255 for each color component. The colors are represented in 
Lab color wheel instead of HSV, as in the original algorithm. This algorithm can extract up to 
65635 colors from image. 

 
3. DIGITAL COLLECTION FROM ELEMENTS OF THE ANCIENT EGYPTIAN COSTUME 

 
As a basic element for the development of patterns was used the lotus. It is one of the most 
common elements ancient Egyptian lotus, which is the sacred flower at ancient Egyptians, a 
symbol of the sun, beauty and purity. This form permeates all Egyptian art, stemming from 
the lotus-shaped, temple columns and ending with miniature toilets vessels and jewelery 
ornaments. From ancient times the lotus has been associated with the supreme power as a 
symbol of Upper Egypt, and scepter of the Egyptian pharaohs resemble at lotus flower on a 
long stem. The most beautiful ancient Egyptian drawings are entered in linear ornaments 
lotus buds and flowers. Egyptians also used them many different colors, structured in 
accordance with human psychology. A large number of bright, dark and black contrasting 
elements. The lotus may be in a different color, issuing different symbolism. The most 
common colors of the lotus are white, red, blue, pink and purple [6, 10]. 
On figure 5 are presented ornaments, extracted with the proposed above algorithms. Figure 
6 represents the color solutions with the extracted ornaments. 
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Figure 5. 
Stylized lotus – 6 ornaments 

 
 

      
Lotus 1 

 
Lotus 2 Lotus 3 Lotus 4 Lotus 5 Lotus 6 

      
Ornament 1.1 

 
Ornament 2.1 Ornament 3.1 Ornament 4.1 Ornament 5.1 Ornament 6.1 

      
Ornament 1.2 

 
Ornament 2.2 Ornament 3.2 Ornament 4.2 Ornament 5.2 Ornament 6.2 

      
Ornament 1.3 Ornament 2.3 Ornament 3.3 Ornament 4.3 Ornament 5.3 Ornament 6.3 

 
Figure 6. 

18 Color solutions for 6 ornaments with lotus 
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Lotus 1    

 

   
   

   
   

   
 

Figure 7. Projects of prints with stylized lotus 1 
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Lotus 2    

 

   
   

   
   

   
 

Figure 8. Projects of prints with stylized lotus 2 



ARTTE 
 

 

Applied Researches in Technics, Technologies and Education 
Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 4, No. 2, 2016 ISSN 1314-8788 (print), ISSN 1314-8796 (online), doi: 10.15547/artte.2016.02.002                        

99 
 
 

 
Lotus 3    

 

   
   

   
   

   
 

Figure 9. Projects of prints with stylized lotus 3 
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Lotus 4    

 

   
   

   
   

   
 

Figure 10. Projects of prints with stylized lotus 4 
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Lotus 5    

 

   
   

   
   

   
 

Figure 11. Projects of prints with stylized lotus 5 
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Lotus 6    

 

   
   

   
   

   
 

Figure 12. Projects of prints with stylized lotus 6 
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With the extracted 20 colors and 6 stylized ornaments with Lotus, are designed 104 textile 
prints and some of them – 54 are presented in the above figures (Figures 7-12). 
The digital collection of textile prints is organized on a website developed by tools of Google 
Sites. This page presents the main results of the work. In this way they will be available to 
many people who have a connection to the Internet via mobile phones, tablets, PCs and 
mobile computers, televisions and „smart“ devices as well as the „Internet of Things“. 
In the main page of the site is a presentation of the author Julieta Ilieva and a brief summary 
of the projects. 
The next sub-page are presented textile design with Fibonacci Rose and quadrangular star. 
Made is a brief description of these figures and video is presented for the preparation of the 
relevant geometries. These projects can be viewed and downloaded in *.PDF file format. 
This way of presenting the geometries and design of their base textile prints was used in 
other pages of the site. 
Available is sub-page with completed projects. 
Developed is sitemap aimed at facilitating the user in navigation in the website. 
 
4. CONCLUSION 
 
The costume of ancient Egypt and its decorative elements inspired designers in the design of 
clothing and textiles. To preserve the authenticity of ornaments and colors of ancient Egypt 
and the use of decorative elements on clothing to create patterns, decoration of clothes, at 
contemporary stage are applied analytical techniques and image processing. The resulting 
colors, shapes and metadata for elements of ancient Egypt can be used to create a digital 
collection. 
Developed are software tools for obtaining colors, contours and radius-vector functions of 
decorative elements of ancient Egyptian costume. Using these tools facilitates the 
development of modern decorative elements with CAD systems. The vectorisation of the 
decorative elements allows for their comparison with those of national clothing of other 
countries. 
Proposed is the use of the software tools for extracting colors which have the advantage that 
can be obtained a greater number of colors in comparison with known solutions in this field. 
Combined are forms of decorative elements of the ancient Egyptian costume and colors of 
textiles and on their basis are designed modern textile prints. 
With the extracted colors and stylized ornaments with lotus, are designed textile prints. A 
digital collection of these textile prints is organized on a website. 
The original Egyptian motives placed on decoration increase the beauty of the textile prints. 
When strong elements are balanced with additional slight external elements then the 
composition is further improved. 
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Abstract: The goal of this research is the analysis of two dimensional images of embroidery elements 
and the development of techniques for shape and color segmentation in the automation of embroidery 
designs. A document camera is used as a tool for obtaining of color digital images of embroidery 
elements from Bulgarian national folk costume. Also are devised some techniques for color restoration 
of elements and their skeletons. Files for embroidery machines are described and obtained then the 
results are checked with commercial software. A website is created for presentation of the results of 
this work. 
Keywords: Image analysis, Document camera, Embroidery, Bulgarian national folk costume. 

 
 
1. INTRODUCTION 
 
The rapid advancement of internet and mobile internet, e-commerce has facilitated 
international trade and daily shopping. Appealed by the potential large market, many 
companies have already got engaged in the development of new products aimed not only to 
the market in one country or in the localization of the old products in the market [13]. In order 
to achieve this ambition, one of the necessary steps is to localize the external design of the 
product [22]. This requires research into methods for rapid prototyping and flexibility to 
produce products that line with the individual needs and desires of the individual consumer. 
The modern manufacturing seeks optimum between small orders and relatively low 
production costs. 
To ensure success in the market of clothes, the designer can build and apply activities with 
varied creative approaches [2, 6, 7]. As an object of design of clothes, the embroideries are 
instrument through which they become attractive to consumers. The embroidery elements of 
Bulgarian national costume, their shapes, colors and proportions between them are a basis 
for creation of modern clothing. 
The evolution of technology in the textile industry reached the design of embroidery patterns 
for machine embroidery. In order to create quality designs the shapes to be embroidered 
need to be segmented into regions that define different parts [8]. 
With the development of computer aided techniques currently, the vectorization becomes a 
focus of researches in many fields such as apparel industry, mass personalization, which 
makes graphics inputs from human computer interaction technique to computer input 
automatically. In this way, vectorization can not only save memory but also improve the 
intelligent level and the efficiency of graphics inputs. Thus, the vectorization becomes one 
method to solve the prevalence and application of the CAD technique and has an important 
theoretical and practical significance [14, 15, 21]. Now the computer embroidery systems [1, 
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23] are prevalent in the world. Its strongpoint is the precision of the input. But the cost is very 
high and the efficiency is low. 
The goal of this research is the analysis of two dimensional images of embroidery elements 
and the development of techniques for shape and color segmentation in the automation of 
embroidery designs. For this purpose, also are devised some techniques for color restoration 
of elements and skeletization. 

 

 

Figure 1. Structure of the paper 
 
The rest of this paper is organized as presented in Figure 1.  Section 2 reviews the related 
work. Section 3 describes the material and methods that are used. In Section 4 are present 
results of the study. Approaches used for extraction, analysis and restorations of colors of 
embroidery elements. Presented is research on morphological characteristics of embroidery 
elements. Files for embroidery machines are described and obtained then the results are 
checked with commercial software. A website is described that is created for presentation of 
the results of this work. Finally, some concluding remarks are provided in section 5. 
 
2. RELATED WORK 
 
In modern stage of development of science, after 2000s, is seen directing the research 
related to analysis of fabrics, embroidery and textile production to the Asian region. This is 
related to the shift of textile production from Europe and America to Asian countries [22]. The 
main research in this area are related to the automation of processes, use of systems for 
pattern recognition to speed up the design and reducing the cost of the final product. 
A novel method for inputting embroidery images is presented in [14]. The method can 
convert BMP image format to DXF graphics format automatically. Firstly, the embroidery 
image is captured by a scanner; secondly, the image is converted to a graphics by means of 
image processing and multinominal fitting algorithm; finally, a special graphics file is created 
to the DXF graphics format. Test results using this method showed that the algorithm 
achieved a good quality and improved the efficiency of inputs greatly. 
Kuo et al. [9, 10, 11] state that currently there is small numbers of literature on automatic 
image recognition and classification of embroidery fabrics. In today’s embroidery industry, 
front-end pattern-making still relies greatly on labor, using pattern-making software to 
carefully depict patterns and images in different colors and regions. Hence, an image 
analysis system that can recognize colors, regions and patterns automatically is a critical 
technique of improving the competitiveness of the embroidery industry. In this series of 
papers, the mean filtering method, central-weighted median filtering method and 
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morphological operation were employed to filter out the light variation on the embroidery 
fabric surface structure, and a genetic algorithm was applied to distinguish images of repeat 
pattern embroidery from that of nonrepeat pattern embroidery. By extracting the color a* 
component and b* component of the machine embroidery image in CIE L*a*b* color system, 
is used the Gustafson-Kessel clustering algorithm for color separation. The authors made 
series of study proposed the automatic machine embroidery image color analysis system as 
an extension of the previous proposed machine embroidery color separation system and 
repetitive pattern search system. This paper integrated the machine embroidery image color 
analysis system to achieve system automation. Their study implemented the 
chromatography of the color separation results, and used the cluster validity indices to prove 
that the application of Gustafson-Kessel clustering algorithm in the machine embroidery 
image color separation system has better results than K-means, K-medoid, fuzzy C-means 
(FCM), and self-organizing map (SOM) clustering algorithm. The results meet the 
classifications as the authors expected by human eyes. 
Shih et al. [20] propose an automated analysis system for Tatami embroidery fabric images 
that automates color analysis, pattern shape analysis and texture analysis. Firstly, the RGB 
(red, green and blue) image of embroidery fabric is obtained by a color scanner. In color 
analysis, the wavelet transforms and median filter are used for RGB image preprocessing, 
and then the Fuzzy C-Means (FCM) clustering method is used for the binary region splitting 
method, the color features of statistical values of colors and number of colors can be 
obtained. In the pattern shape analysis, the individual pattern components are segmented by 
the separated colors, and the shape features of pattern components are obtained by moment 
invariants. Their experimental results show that this method can implement Tatami 
embroidery fabric color, shape and texture analyses automatically. 
Zheng [23] proposes a novel method combining the characteristics of structure and region 
information is proposed for automatic segmentation of the color region for different kinds of 
fabrics. For improving image quality for computer analysis, the structure-texture 
decomposition processing has been used to extract the main structure from the fabric image, 
where the fine structure details of fabric yarn patterns have been removed. By using the CIE-
Lab color system, the color structure image is then segmented by a fuzzy region-based 
segmentation model that can be solved efficiently through a fast numerical scheme. The 
experimental results show that the main disadvantage and difficulty of using color clustering-
based methods and commonly used image segmentation methods for fabric color separation 
is overcome by the proposed method. The proposed method has high accuracy and the 
computation time is very reasonable. It can be applied to extract fabric color regions for 
different fabric structures, such as woven, knitted and embroidery structures. 
In 2016 Kuo et al. present new results [12] of their series of study and noted that in 
Embroidered textile is a highly valued artwork. Three-dimensional patterns can be created by 
variable stitches and the material characteristics of embroidery thread. The authors state that 
at present, computer plate-making is widely used in embroidery operation, allowing factories 
to mass-produce efficiently, but in the quality control stage, manpower is needed for visual 
inspections. The authors noted that there is no specific standard for embroidered textile 
defects. In order to increase efficiency of human resources, elucidate the defects on 
embroidery, and achieve automated defect classification, they proposed methods on the 
recognition and classification of embroidered textile defects. After interviewing producers of 
embroidered textiles and manufacturers of computer embroidery machines, they identified 
four types of defect in embroidery textile patterns: foundation yarn floating knit, stitch 
missing, joint defect, and misregistration for defect recognition. The back-propagation neural 
network (BPNN) and characteristic procedure classification were used for defect 
classification. The embroidered textile pattern recognition and classification methods 
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proposed by this study are expected to provide an automated inspection procedure for the 
embroidery textile industry. 
Mo et al. [16] noted that fabric prints may contain intricate and nesting color patterns. The 
authors present a self-organizing-map (SOM) based clustering algorithm used to 
automatically classify colors on printed fabrics and to accurately partition the regions of 
different colors for color measurement. Unlike many other clustering algorithms, this 
algorithm does not need to pre-define the number of clusters and can automatically select a 
distance threshold to partition the U-matrix map. The experimental results show that the 
intricated color patterns can be precisely separated into individual regions representing 
different colors. 
The analysis of recently published studies in identification and determination of the 
embroidery in textile products shows that the use of image recognition systems is important 
priority direction for the automatic determination of their specific characteristics. Explain that 
the systems for image recognition in the most natural way to interpret this specific expert 
activities. Optical methods are leading to obtain initial information about the quality of textiles, 
the main advantages that are distinguished are: non-destructive testing, easy technical 
realization, high performance, large informative, selectivity, good efficiency, sensitivity, 
technological compatibility and the remote control. As major trends are emerging use of 
video cameras to detect external defects and use of hyper-spectral vision systems in the 
diagnosis of internal defects of embroidered textile products. 
In the research relating to the recognition of embroidered elements and automation of 
processes for manufacturing such products are used complex computational procedures and 
expensive equipment and should be sought simpler procedures and more common technical 
devices having the similar opportunities for image processing. Such tool is a document 
camera, which can be used both for learning and research [4]. 
 
3. MATERIAL AND METHODS 
 
To realize the objective of this work was used typical of Southeastern Thrace folk costume. It 
is sukman female costume consisting of a shirt, dress, skirt and girdle as decoration with 
characteristic embroidered decoration is most noticeable on the skirt and neckline of the 
sukman. 
In Figure 2 is presented in general form the used folk costume with nomenclature referred to 
embroidered items. This nomenclature is used in the name of the files with raster, vector and 
metadata for the elements. Presented are a part of the digitized embroidered items from the 
used folk costume. 
The embroidered elements of folk costume are captured with a digital document camera 
(DC) connected to a personal computer. The choice of technical device can be justified in 
that the document camera has a number of options for visualization of text materials (incl. 
Represented in the QR code), static and dynamic 3D objects in enlarged audience, including 
extra zoom, conducting experiments, joint video sessions through the appropriate application 
systems for e-learning, with the possibility of recording images, audio and video, and more. 
The review of the literature [4] and the discussed good practices [3, 5], prove that high-end 
DC can be used for various research – to measure the color, object recognition, 
determination of size. The last and the aforementioned possibilities of DC makes them 
essential tool for training in modern of interactive classrooms, auditoriums and laboratories of 
universities in Bulgaria. 
 
 
 



ARTTE 
 

 

Applied Researches in Technics, Technologies and Education 
Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 4, No. 2, 2016 ISSN 1314-8788 (print), ISSN 1314-8796 (online), doi: 10.15547/artte.2016.02.003                        

109 
 
 

 

 

  

 

 
a) element A1 

 

 
b) element B2 

 

 
c) element B3 

 

 

  
 

d) element B5 
 

e) element C1 
 

f) element C2 
 

Figure 2. Digitized embroidered elements of folk costume 

 
In previous studies it has been proposed the application of high-end DC in some atypical, 
non-academic activities is proposed and justified, taking into account their high parameters in 
terms of resolution and quality of captured images, high-speed when creating graphics and 
audio-video files and opportunities for recognition of bar and QR code [4, 25]. 
Mentioned advantages of the document cameras make them suitable tool to capturing color 
digital images in order to detect embroidered elements of the Bulgarian national costume. 
In Figure 3 is represented the used in the study document camera Epson DC-11. The 
camera uses a sensor ¼ CMOS, 5MP, has a feature AutoZoom, internal memory and SD 
card slot. The connection to a personal computer is via USB interface. 
 

 
 

Figure 3. Document camera Epson DC-11 (ELPDC11) 
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The measurement of color embroidered elements of folk costume is realized with a 
colorimeter (Figure 4), developed at the Department of “Electronics, Electrical Engineering 
and Automation” of faculty “Technics and Technologies” – Yambol, Bulgaria. The measuring 
instrument is built with color sensor TCS34725 and single board micro controller Itead 
Leonardo. 
 

  
 

a) color sensor 
b) color reference 

 
Figure 4. Colorimeter used in the study 

  
To set the color was used reference Lovibond with serial number 12064, produced 2006. 
Reference consists of black and white a mark with values specified by the manufacturer of 
the color components from Lab color model. It is also indicated spectral range and the values 
of the reflectance that can be used to adjust devices for measurement of color. This range is 
390-710nm with step 10nm. 
 
4. RESULTS AND DISCUSSION 
 
4.1. Measurement, restoration and editing of colors 
 
Colors are measured of the embroidered elements of folk costume. Determined are 7 basic 
colors. Table 1 indicates the values of the color components from four color models RGB, 
Lab, HSV and CMYK, measured with a colorimeter. Have been selected such color models 
that are used for presentation of palettes and are suitable for color restoration. 
 
Table 1. Colors in the Bulgarian national costume measured with colorimeter 
Name 

of 
the 

color 

General 
view 

R G B L a b H S V C M Y K 

red 

 

174 31 37 38,040 55,670 34,580 357 82,200 68,200 0 0,822 0,787 0,318 

green 26 125 54 45,840 -43,630 30,640 137 79,200 49,000 0,792 0 0,568 0,510 

black 24 24 24 8,250 0,001 -0,002 0 0 9,400 0 0 0 0,906 

yellow 212 183 29 74,795 -3,672 72,488 50 86,300 83,100 0 0,137 0,863 0,169 

white 255 248 244 98,004 1,650 2,733 22 4,300 100 0 0,028 0,043 0 

purple 99 40 34 24,594 26,224 17,096 6 65,700 38,800 0 0,596 0,657 0,612 

blue 52 54 105 24,916 14,482 -30,240 238 50,500 41,200 0,505 0,486 0 0,588 
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Table 2. Recovery algorithm for color of embroidered elements 
Stage  Operation  Description 

A Loading of the image The image is loaded in the Mtalab Workspace  

B Reduction of the colors 

The colors in image I are reduced to numcolors, depending on 
their number in the element. A function for image indexing 
rgb2ind is used. 
[x,map]= rgb2ind(I,numcolors,'nodither') 

C Image filtering Filter of type Disk is used 

D 
Defining a matrix of the 
basic colors 

Defined is a matrix m having basic colors and its values are 
normalized in the range [0,1] 
m = [174 31 37; 2 125 54; 24 24 24; 212 183 29; 255 248 244; 
99 40 34; 52 54 105] 
m1=m/255 

E 
Restoring of color in the 
image of embroidered 
elements 

Two nested loops are used and in the indexed image x colors 
for each pixel are replaced with those defined in the matrix m, 
each color is replaced with that of row from the matrix Rx 
for i=1:length(x(:,1)); for j=1:length(x(1,:)); if; x(i,j)==0; 
c(i,j,1:3)=m1(Rx,:); end;end; end 

F Visualization of the results  The results are visualized with a function Figure 

G Saving the results in files 
The resulting image is saved in raster format *.bmp, *.mat and 
as a spreadsheet *.xls 

 
In Figure 5 are presented the colors of embroidered elements in a four-color wheel (Lab color 
wheel). There are both cognate and contrasting colors. The algorithm presented in [25] is 
used to obtain the colors of images. The work of the algorithm of color representation is 
visualized on the figure. The original image and this reduced to seven colors. The rectangles 
filled with the resultant colors are numbered. This numbering is used to indicate the RGB 
values in the range 0÷255 for each color component. 
 

   

 
a) original image 

 
b) RGB values of the colors 

 
c) colors in Lab color wheel 

 
Figure 5. Colors of the Bulgarian national costume 

 
In capturing embroidered elements with document camera on the quality of the received 
digital color image influence many factors such as lighting, location of the object under the 
camera. This requires developing an algorithm for color restoration as embroidered items are 
of the same color in their separate areas, no matter what distortions in the resulting images. 
An algorithm is developed for semi-automatic processing of embroidered elements of folk 
costume which works in the order presented in Table 2. 
Figure 6 is an example of the work of the developed algorithm in color restoration of element 
A1. The background color in the image is red of the apron from the costume. The element 
consists of three basic colors – green, black and yellow, which are set in the algorithm for 
processing. 
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a) Original image 
 

b) adapted to 4 basic colors 
 

c) Final image 
 

Figure 6. Stages of the algorithm for color restoration 
 
An important stage of identification and recovery of embroidered members is identifying and 
removing errors in the process. For this purpose has been used algorithm proposed by Zhou 
et al [24]. The authors propose an algorithm that has simplified procedures, but with high 
efficiency, which solves four major problems for recognition. Extract object, identifies its 
location and detects and removes bad recognized pixels, defines relationships between color 
elements in the image. The advantage of using this algorithm is that it is not necessary to be 
preset information on the elements of the image the obtained results are with small error 
values. 
The studied embroidered elements of the folk costume are processed with this algorithm. In 
Figure 7 are presented results from processing element A1. There has been a reduction in 
the false recognized colors. Presented are the ratios of the colors of the element. In all 
processed embroidered elements of the folk costume are seen small error values 1-3%. 
For practical perspective, the use of the algorithm for detection and correction of decorative 
elements and embroidery, it can be noted the remark of the authors of the algorithm that for 
more complex objects is required enhancement of the algorithm, as if in a certain row in the 
image there are many pixels identified with wrong color in the processing, the next rows will 
start accumulating error. 
 

 
 

Figure 7. Ratios of the colors in embroidered element of folk costume 
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4.2. Skeletonization of the elements 
 
In the literature [17, 18] is specifies that a convenient way of presenting objects in images for 
automated embroidery design is by morphological operation for skeletonization. The resulting 
skeletons can be used to generate a control file for embroidering machine. The advantage of 
using the skeleton of objects is that the topology and shape of element are remained, the 
resulting description is resistant to noise and distortion from capturing of the object image. 
The object can be restored from the skeleton. 
In order to obtain the skeleton of the studied elements of folk costume were used 
morphological operations available in the software system Matlab. Operation is used skel. 
The general form of the function to obtain skeleton is: bwmorph (IBW ,'skel',n); where IBW – 
input image. It must be from class Logical or binary, it is two-dimensional and consists of a 
single element; n – number of iterations of operation skel. If n = Inf operation is repeated until 
the image is not changed. 
 

    
n=5 n=15 n=25 n=35 

 
Figure 8. Effect of n on the formation of the skeleton of the object in the image 

 
The effect is studied of the coefficient n on getting skeleton of embroidered elements of folk 
costume. In Figure 8 is an example to obtain the skeleton of an element depending on the 
value of this coefficient. Experimentally it has been found that to obtain the skeleton of the 
test objects the maximum number of required iterations of operation skel is n=36. The 
processing time is within 4,36-4,52s depending on the image resolution and the size of the 
element. 
In addition to storing information for the element and generate control files for embroidery 
machine the skeletons can be used to restore the image of the object [19]. 
 

 
 

Figure 9. Restoration of element from skeleton 
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The information received and stored by the skeleton of the element is not sufficient for its 
restoration. The restoration of element can be realized by inverse distance transformation. In 
Matlab programming environment this operation is realized by function poly2mask. 
In Figure 9 is an example of restoration of an element from its skeleton by function inverse 
distance transformation. The algorithm for realizing this transformation is slower compared to 
that for preparing the skeleton. The recovery time of the object is 7,8-8,5s depending on the 
skeleton of the processed element of the folk costume. 
 
4.3. Generation of files for embroidery machines 
 
The results of the work are checked by software for the embroidery design to visualize the 
final effect. In most cases, satisfactory results were obtained. Used software products are 
SewArt and my editor™. 
SewArt is software for converting raster images to files for embroidery machines. Therefore 
the software belongs to the systems automatic digitization. The work with software requires 
prior acquaintance with its workspace and toolbars. Most important operations of conversion 
are displayed as buttons. To generate quality file for Embroidery is necessary the image to 
be with areas with homogeneous colors. For this purpose in the program are provided 
functions for image processing. 
 

  
 

a) generation of embroidery file 
 

b) editing of embroidery file 
 

Figure 10. Generating and Editing control file for embroidery machine 
 
my editor™ is software for visualization and editing files for embroidery machines. Its main 
function is editing and converting files that can be used with machines from different 
manufacturers. The editing involves adding / removing single or multiple stitches. 
The presented software used for image processing for the embroidered elements of folk 
costume are used to generate files *.pes for embroidery machines Brother (Figure 10). 
Through the program for editing these files can easily be converted to such machines from 
other manufacturers. 
 
4.4. Digital collection of embroidery elements from Bulgarian folk costume 
 
The data for the embroidery elements from Bulgarian national costume, raster and vector 
files were used in constructing of a digital collection that is published in created for this 
purpose Internet site. The first important step in the development of the website is the choice 
of platform. The main advantage of an online website builder platform is that it is quick and 
easy to use, and often does not require prior experience. Often, a website can be built and 
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be up and running live on the Internet. In creation of the website for the digital collection are 
used the results of existing websites on this theme. It is considered how are organized these 
sites, their realization, how these sites are complete, how is presented the information. The 
need for current study arose in order to outline the proper model for development and to 
explore what the user intuitively expects to see in this type websites. 
 

  
 

a) Structure of the site 
 

b) QR code of the site 
 

Figure 11. Website with data for the embroidered elements 
 
For quick and easy access to the digital collection of embroidery elements and in its website 
is generated QR code (Figure 11). Having a website and using QR code with it can place a 
positive first impression of the user’s mind. 
 

  
 

a) Main page 
 

b) Organization of the study 
 

Figure 12. Website with data for the embroidered elements 
 
This website presents the main results of the work. In this way it will be available to many 
people who have a connection to the Internet via mobile phones, tablets, personal and 
mobile computers, televisions and other „smart“ devices. 
In the main page (Figure 12a) of the site is presentation of the used Bulgarian folk costume 
and some of the embroidered elements. On the next sub-page (Figure 12b) is presented the 
organization of entire work. A brief description is made of these figures. All of the 
embroideries can be viewed and downloaded in *.PDF, *.DXF, *.XLS, *.PES, *.BMP, *.MAT 
file formats. This way of presenting the geometries and design of their base embroidery 
elements was used in all pages of the site. 
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5. CONCLUSION 
 
This research is an analysis of two dimensional images of embroidery elements and the 
development of techniques for shape and color segmentation in the automation of 
embroidery designs. These analyses are made over embroidery elements of Bulgarian folk 
costume.  
In the studies relating to the recognition of embroidered elements and automation of 
processes for manufacturing such products are used complex computational procedures and 
expensive equipment and should be sought simpler procedures and more common technical 
devices having the similar opportunities for image processing. For this reason it is selected a 
document camera, which can be used both for learning and research and is commonly used 
technical device in the universities. 
For ease of use of embroidery elements on clothing to create patterns, decoration of clothes, 
are applied analytical techniques and image processing. The values of color components for 
the embroidery elements are obtained in four commonly used in the practice color models. 
An algorithm is developed for semi-automatic color restoration of embroidered elements of 
folk costume that solves the problem with distortions in the raw images. Necessary number 
of iterations and the maximum processing time is established in obtaining of skeletons of the 
embroidery elements. It is presented a way for restoration of elements from their skeletons. 
These make embroidery elements resistant to noise and distortion from capturing of the 
object image. The results of the work are checked by software for the embroidery design to 
visualize the final effect. Through the software tools for editing the obtained files can easily 
be converted to embroidery machines from different manufacturers. 
The main results of the work are organized in digital collection that is published in website, 
which provides more people to access them and facilitate their use in the practice. 
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Abstract: The semantic circle of visual forms is a stimulating creative and innovative thinking novelty 
in education and practice, introducing new concepts, approaches, methods and techniques in the 
analysis and synthesis of visualizations, communications and presentations. Heuristic operations are 
techniques, prescriptions for conversion of existing situations into a new, unexpected or unusual 
direction, with the expectation of obtaining results unachievable along the path of formal logic, i.e. by 
known logical operations, judgments and inferences. This study reveals the nature, structure and 
application of the semantic circle in the synthesis of visual solutions, also including solving specific 
creative and innovative tasks that are focused in different thematic areas. 
Keywords: Function, semantics and expressiveness of visual forms, Semantic circle of visual forms 
and images, Basic heuristic operations. 
 
 
1. INTRODUCTION 
 
In all spheres of human activity for which the creativity and innovation are priorities, 
communications and presentations are permanent objective, strategy, tools and resources 
created and-or use a variety of visual forms, images, pictures, compositions, etc., following 
two dominant trends. The first – expressiveness that „Picture is worth than a thousand 
words“. Second, caused by aesthetics and art contained in the above-cited words of 
Salvador Dali [1, 6]. 
The trend of semantic circle found a surprising reception and easy comprehension and 
assimilation, interpretation and implementation of students and professionals in training, 
analysis and synthesis, including research and resolve a new class of creative and 
innovative tasks [1, 2, 7, 9, 10]. 
The Semantic circle proved not to be artistic exoticism and not suspected and serious 
creative and innovative instrumentation leading to definition of new creative research tasks of 
analysis and synthesis of visual forms, images, pictures and compositions [1]. 
The reality is replete with vast in quantity and quality wealth of visual solutions and creations 
that give rise to several questions: 
 How to train future artists and professionals to analyze and synthesize?; 
 How to contact them in three basic aesthetic categories; 
 Function (purpose); 
 Information expressiveness - the relevance of secondary - format/ structure of the 

primary - the function; 
 Semantics (meaning, significance - as the content of semantic information). 
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How to react to stressful situations and the real aesthetic shocks summarized in the 
emphases: 
 Why not everything is understandable visual / logical, but "skipped over" - in the 

transcendent "senseless" inexplicable and incompatible with the values? 
 Why people do not like what they do not understand? 
All that complicates enormously the perception and interpretation of visual and verbal 
categories and resources as tools of communication and presentation. 
The report aims to generate images with semantic value and standard solutions for semantic 
circle, using basic heuristic operations. 
 
2. GENERATING IMAGES HAVING SEMANTIC VALUE 
 
The primary longing of humanity for unity in the most exquisite form – the circle and the 
desire to not many words to be said everything is done in the original concept of N. Orloev [8] 
as a natural structure in which the main concern is dedicated to that straight K, G/C and A 
forms, and bi-component forms, images and pictures according to Figure 1. 
 

 

  

 
a) Conceptual model with simplified structure  

 
b) Conceptual model with extended 

structure (by N. Orloev [8]) 
 

Figure 1. Semantic circle of visual forms and images used in education 
 
Regardless of their unevenness visual forms are implemented singly or through joint 
implementation of four major functional and structural semantic elements: 
 K-form. Cultural, natural form - a product of evolution (inanimate nature, fauna and flora), 

and co-evolution (products of conscious creative human activity); 
 A-form. Abstract, metaphorical-associative form; 
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 G/C form. Geometric / Symbol form, formally meaningful connection and two 
independent and interpenetrating categories. 

 G-shaped - objects with a clear geometric structure; product target geometric 
constructions; 

 C-shape - character (characters, letters, numbers, symbolic values analogues of 
spirituality). 

The main heuristic operations (MHO) - applicable when certain processes or can ever be 
fully and clearly, unambiguously and logically described, or is only partially complete, and 
only with the use of multiple fuzzy and unequal recommendations and rules (heuristic 
techniques, approaches and programs) and funds. This type of mental operations allow 
reduction of the creative efforts and intellectual energy consumption [3, 4, 8], improves the 
performance and efficacy are creative and search for a solution takes more targeted. 
However, without providing a guarantee for finding and categorizing good and subtle, strong 
and great decisions. 
The main heuristic operations are classified into certain 'logical' or meaningful order. 
However, they are grouped into four arrays: 
 Increase, gain acceleration parameters and characteristics, quantitative and qualitative 

indicators; 
 Decrease, lowering, reducing the parameters and characteristics, quantitative and 

qualitative indicators; 
 Structure / structuring including function, organization and hierarchy of product 

composition objects, complex systems; 
 Making special qualities and characteristics of forms, compositions, objects and subjects 

of complex systems and organizations. 
It is amazing that in this seemingly unmanageable or impassable chaos the identification is 
possible due to the semantics specifically, the idea of semantic circle. 
Any creative trend can be positioned and realized in the desired place by the author in a 
semantic circle, thus can give her virtually unlimited options for interpretation / improvisation. 
 
3. ANALYSIS AND CREATIVE-INNOVATIVE SYNTHESIS OF TYPE SOLUTIONS FOR 
SEMANTIC CIRCLE USING MHO 
 
The theory of perception, respectively, making meaning, interpretation and understanding of 
the visual and verbal aspects and dimensions of the outside world, enriched by material and 
spiritual, constructed by man confronts us with multiple extremes and phenomena [1, 2, 5, 6, 
8]. 
In the report are designed two standard solutions based on the extended structure of the 
Semantic circle. 
The purpose is by the use of a base form (K-form) to synthesize a series of images, pictures, 
basic shapes and the transitions between them, using the main heuristic operations. 
Figure 2 shows the development of a random form by changing its quantitative and 
qualitative indicators. 
Figure 3 shows shapes, pictures, images, again by a series of single or multiple applied 
heuristic operations (methods). 
Using logical-intuitive approach leads to "melting" of the base form (K-form), but retains a 
common theme – “Woman“. 
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Figure 2. Semantic circle of visual shapes, images and pictures, consists of one main form 
(K-form) by use of MHO 
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Figure 3. Semantic circle of visual forms and images by using MHO 
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4. CONCLUSION 
 
Heuristics such as prescriptions, not only indicate logical way, i.e. what can or should be 
done, but they provide partial guidance on how it makes sense to do so. They can give 
instructions to prevent possible errors as "accumulate" experience of creative, heuristic, 
innovative and inventive-discovery activities. 
The Semantic circle is an original hypothesis and model of heuristic classification of visual 
images regardless of the type and purpose. The hypothesis brings enough objectivity to 
make it possible to find a common point of view of a common "language" for Creation and 
understanding / interpretation based on projected sense significance. 
The theory of perception, respectively, understanding, interpretation and interpretation of 
visual and verbal aspects and dimensions of the outside world, enriched by material and 
spiritual created by man confronts us with a number of extremes and phenomena such as: 
 Material and spiritual (intangible); 
 A circuit (solid) and not circuit (respectively, liquid, gas and diffuse); 
 Observable and unobservable, respectively field; 
 Real and abstract; 
 Digital and ambiguous; 
 Rational and irrational; 
 Definiteness and indefiniteness; 
 Structured and unstructured (amorphous); 
 Predictable and unpredictable (random, fantastic); 
 Linear and nonlinear; Understandable and incomprehensible; 
 Meaningful and meaningless; 
 Images and concepts in language; 
 Low and high threshold semantic personality because of quantitative and qualitative 

levels of thesaurus and others. 
These phenomena complicate perception, interpretation and interpretation of visual and 
verbal categories and approaches as tools for communicating and presenting information. 
The Semantic circle is actively used in recent years in training of students from different 
specialties of the University of Ruse. It developed and improved cognitive and cultural 
horizon of personality and was met well with interest as the creative application task. 
On the other hand, the Semantic circle has a high didactic potential applicable and very 
effective in the development and improvement of knowledge and skills in communication and 
presentation both in perception, construction and perception of visual and by analogy and 
verbal images – of words and thought, speech culture. 
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Abstract: This report examines and analyzes the possibilities of using document cameras in the 
learning process, their use as a tool for visualization in the auditoriums, laboratories and universities 
as tools for increasing the interest and activity of students. An overview of the possibilities of using 
Web-cameras as document cameras is made as well. The advantages and disadvantages in the 
application of these devices primarily as a learning tool are represented by analysis, which compares 
the key parameters of the document cameras and webcams. 
Keywords: Innovative Educational Technologies, Document Camera, Webcam. 
 
 

1. INTRODUCTION 
 

The document camera (DC) is widely used in many American and European schools, 
universities and research institutes [3, 6, 9, 22, 23]. Below are given some examples of its 
application in teaching and research in Bulgarian universities. 
The increasing popularity of document cameras is due to their ease of use, convenience, 
flexibility, dynamism, attractiveness and great opportunities for visualization of teaching 
materials, trial, 3D objects, etc., in the auditoriums and classrooms. 
In [2] researches and standards related to strategies for increasing the success of students 
are cited. The author summarizes his findings as follows: “The key decisions in educational 
organizations and institutions should consider document camera as standard technology 
solution that provides students a better visualization of the educational content”. However, 
the use of a document camera should not be an end in itself. It is necessary to take into 
account all the modern interactive teaching methods in DC’s application in higher school 
educational process. 
There are a number of works, related to the use of more common and more affordable Web-
cameras and iPads for visualization of the educational content - function for which are 
basically designed document cameras. 
In scientific publications [17] and Internet forums and blogs, teachers share their experience 
in using Webcams and iPads [21, 24, 25, 28, 29] as document cameras, mainly for 
visualization of the educational content. 
In [5, 14] the authors present their experience in implementing interactive teaching tools in 
Zambia. They propose the use of Web-cameras for visualization of the educational content. 
The application of document cameras is unknown to the teachers of this country. Problems 
encountered in the use of web cameras lead to serious difficulties and reluctance to 
implement such technical means in training. 
At the same time, as highlighted above, due to all the advantages and potentialities of DCs, 
they are widely used in universities in the US and Europe. 
Considering Bulgarian higher education, DSs should be used not only sporadically in some 
universities but taking into account all possibilities to support the learning process, to find a 
widespread use in auditoriums and laboratories. 
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To build document cameras with Web-camera (or iPad) in the above developments are used 
both standard and non-standard tools such as tripods for cameras, stands from bedside 
lamps, as well as own developments made with 3D printers. The authors recommend the 
use of HD-cameras with high resolution as they converge on the characteristics of the 
document cameras used in practice. 
The aim of this report is to examine the possibility of use of Web-camera as a document 
camera by comparing the basic parameters of the devices. 
The best practices for the application of DC in the university auditoriums and laboratories are 
presented, as well as suggestions for some less popular applications. 

 
2. EXPOSURE 

 
The report presents a comparison of technical parameters of the high-end, mid-range 
document camera and HD Web camera used in most developments related to its application 
as DC. 
Some typical applications of document cameras unrelated to their application as a learning 
tool are presented and analyzed as well. 

 
2.1. Comparative analysis of webcams and document cameras 

 
Table 1 shows the parameters of the two models DC Epson DC-11 and Epson DC-06 and a 
webcam. Epson DC-11 is a document camera of high-end class, which is placed on top of 
the popular charts of these devices [20]. 

 
Table 1. Comparison of technical parameters of Webcam and document cameras 

Parameter Epson DC-11 (ELPDC11) 
Epson DC-06 
(ELPDC06) 

Webcam Logitech 
QuickCam Pro 9000 

Sensor ¼ CMOS 1/3 CMOS CMOS 

Maximum optical 
resolution 

2592x1944 1024x768 1600х1200 

Video sensor  5 MP 1 MP 2 MP 

Optical Zoom 
2x      (XGA/WXGA output) 
1.9x   (SXGA output) 

1x No data 

Digital Zoom 10x 4x No data 

Interface  
Input  VGA, Composite, SD card - - 

Output  VGA, USB USB USB 

Power supply  AC-DC 12V adapter 5V viaUSB power 5V viaUSB power 

Internal memory 
1 GB internal 
SD card slot 

- - 

Microscope adapter Yes  No No  

Frame Rate 30 fps 15 fps 30 fps 

Autofocus  Yes  Yes  Yes  

Built-in microphone Yes Yes Yes 

Illumination System Yes Yes No 

Integration to Interactive 
Whiteboard 

Yes Yes Yes 

Price compared to high-
end document camera 

100% 39% 29% 

Ability to work without a 
computer 

Yes No  No  

Measurement of color Yes  No  No  

Recognition of bar- and 
QR- codes 

Yes  Yes  Yes  

Recognition of object 
areas 

Yes  Yes  Yes 
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The table shows that the high-end Web-camera approaches the parameters of a document 
camera from the lower end and its use as a tool for visualization of the educational content in 
certain cases is justified. 

 
2.2. Application as a learning tool 
 
Examples of application of DC in the training of students of technical and humanities have 
been reported in [11, 12, 16, 19, 26]. There are also opportunities to integrate DC to 
interactive whiteboard. 
Other examples of using DC as a tool for visualization of the lab results are presented in [1]. 
An experimental setup consisting of document cameras Epson DC-11, Epson DC-06 and 
Webcam is used.The video devices are connected to a personal computer and interactive 
whiteboard Interwrite Dualboard 1279. 
An interesting option for online training in the modern versions of Moodle e-course 
management system, provides the plugin BigBlueButtonBN, which enables sharing of real-
time presentations (incl. Whiteboard), audio, video, chat and screen content. Joint video 
sessions of the teacher and students can be implemented using internet connection and 
document cameras (Fig. 1). The additional possibility of DC to integrate microscope, 
recording audio and video and better technical parameters (Table 1) increase the 
applicability of this tool in Moodle for implementation of distance learning, incl. 
implementation of virtual laboratories [15] monitoring documents, artifacts, trial (incl. in 
remote, dangerous or inaccessible environments for students) and to carry out other 
educational activities in real-time and with the active participation of students. 

 

  

a) Epson DC-11 
b) “BigBlueButtonBN in e-course “Computer 

networks” 

Figure 1. Application of “BigBlueButtonBN” in MOODLE 

 
2.3. Recognition of bar code and QR code 
 
QR Codes are becoming more widely used in academic activities. One of their attractive 
applications is presentation of correct answers of a test (Fig. 2), an indication of web-based 
teaching materials (incl. Video) [13] or additional information. Their use make the 
presentation of the material attractive for students from the digital generation. 
For processing of QR Codes is used online application [10]. The same application can be 
used in processing of bar-codes. One-dimensional bar-codes have not yet found extensive 
use in the area of education. 
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a) recognition of QR-code 

 
b) recognition of - Barcode 

 
Figure 2. Recognition of Barcode and QR-code 

 
Several experiments have been conducted for recognition of one-dimensional and two-
dimensional codes with document cameras and Webcams, with the same application, as the 
results are compared with three video cameras. In all cases the recognition is successful. An 
impact on the recognition was caused by the light as because of the presence of strong 
reflections of the object the code is displayed partly from the camera. This disadvantage is 
removed by proper adjustment of light (Table1) on the subject. 

 
2.4. Measurement of color 
 
The use of document camera for measurement the color of the foodstuffs has been the 
subject of study of teachers and students at the Faculty of Technics and Technologies, 
Trakia University of Stara Zagora, Bulgaria for several years [7, 18]. 
The color is an important indicator of the quality of food products. It is directly related with 
their freshness and storage conditions, which are important both for their good taste and to 
avoid the development of health hazardous microorganisms and bacteria and is a major 
indicator when choosing a product from consumers. This makes measurement of color 
important in training courses in the field of food technology. 
Comparative analysis of measuring color with three video cameras is presented in previous 
studies of authors [1]. A comparison is made with the three video cameras with 24-color 
pattern and colorimetric sensor. The results show that the high-end document-camera’s 
features are approaching to the color detecting sensor. 

 
2.5. Recognition of object areas of foodstuffs 
 
The various parts of the food products in a uniform surface structure are not identical. 
Through the digital image analysis of the surface color characteristics is possible to process 
images, such as fat, bone and muscle tissue in meat, cheese and dairy products with mold, 
areas of bread and mold. In case of objects with complex surface characteristics is 
appropriate the use of the full spectrum of image instead of the individual components of 
RGB or another color model. 
In previous studies of professors and students from the faculty [7, 18] found that using the 
document camera is appropriate in recognition of object fields of food products, the results 
are comparable to those obtained with industrial video camera [8]. 
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2.6. Measurement of dimensions 
 
In [4] the authors use a document camera to measure the parameters of the surfaces of 
machine parts. Described is a study to determine the size of the major diameter of thread 
(Figure 3). Through the statistical analysis of the results it found that with the camera used 
are obtained results similar to the measured with a caliper. The latter is evidence to suggest 
that using the document the camera provides sufficient accuracy in measuring geometric 
parameters and received uncertainty is commensurate with the uncertainty in contact 
measurement methods. The authors state they could improve the method for calibration of 
the camera, which will reduce the uncertainty. 
Related to the measurement of dimensions is the publication of other researchers [9]. The 
authors indicate that basil has a high index of germination, short germination time. To 
monitor the sprouting process into practice is used software with high cost. The development 
is related to the study of the influence of the electromagnetic field with power 293W and 
treatment with ultrasound power with 0,5 W/cm2 on the germination of seeds. For capturing 
and processing of the images is used open source software and CAD system. The capture of 
the image of the seeds of basil is realized with a document camera (Figure 4) connected to a 
personal computer on which is installed that open source software. The authors have chosen 
to use a document camera with high resolution. The dimensions of measurement of the 
seeds are set by measuring line, placed next to the object. 
 
  

 
Figure 3. Measurement of the major 

 diameter of thread 

 
Figure 4. Investigation of germination of 

seeds of basil with a document camera [9] 
 

2.7. Application in processing of election documents 
 
As a non-traditional application of DC can be consider its use for processing of election 
results. Application of cameras capturing the voters is described in [27]. 
The application we offer is related to document camera’s use instead of a scanner while 
recording in digital format ( .pdf) of the election protocols. One of the main problems 
concerning the slow progress of the elections is directly related to the time required to scan 
all of the pages of election protocols. In many cases, problems related to bilateral printed 
information and its recognition when scanning arise. Document cameras could be 
successfully used Instead of scanners. The latter will certainly reduce the time for processing 
records. The recognition of bar-code, identifying each protocol is discussed above as 
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possible use of the DC. The presented in the report comparative analysis of DC and web 
cameras and the particular importance of scanned documents, make inappropriate the use of 
web-cameras or low-end DC. 

 
3. CONCLUSION 

 
The document camera has a number of options for visualization of text materials (incl. 
Represented in the QR code), static and dynamic 3D objects in enlarged audience, including 
extra zoom, conducting experiments, joint video sessions through the appropriate application 
systems for e-learning, with the possibility of recording images, audio and video, and more. 
The conducted comparative analysis and the discussed good practices, prove that high-end 
DC can be used for various research - to measure the color, object recognition, 
determination of size. The last and the aforementioned possibilities of DC makes them 
essential tool for training in modern of interactive classrooms, auditoriums and laboratories of 
universities in Bulgaria. 
The application of high-end DC in some atypical, non-academic activities is proposed and 
justified, taking into account their high parameters in terms of resolution and quality of 
captured images, high-speed when creating graphics and audio-video files and opportunities 
for recognition of bar and QR code. 
The high-end web-cameras are close in their parameters to low-end document-cameras. 
Their use as a tool for visualization of content and other activities in classrooms, in certain 
cases, when high quality and accuracy is not required, is justified given their lower cost. 
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Abstract: In the present work are analyzed studies related to changes in the active impedance 
component of the dairy environment caused by the flow of lactic fermentation and coagulation of 
casein in milk. The aim of this work was to determine the relationship between the relative change of 
titratable acidity and the relative change of active impedance component of the dairy environment with 
lactic fermentation, causing coagulation of the casein in milk. . The data were interpolated with cubic 
spline, visualizing how when the fat content increases, the electrical resistance increases too.  All 
data, collected during the tests would complement and be used  for solving the optimization problem 
to determine the time of completion of the coagulation in future work. 
Keywords: lactic fermentation, milk coagulation, titratable acidity, impedance tools.  

 
 
1. INTRODUCTION 
 
A typical process for the preparation of yoghurt is the lactic acid fermentation. It is a complex 
biochemical process in which under the action of specific bacteria, the sugars are broken 
down and as the main product is obtained lactic acid [2,3]. To ferment the milk to become 
sour, is imported lactic acid bacterial cultures known as yeast. This leads to changes in the 
structure of proteins that affect the consistency of the milk. 
During fermentation optimum temperature of the milk must be maintained for the yeast, 
thereby occurs coagulating of the casein therein. When the product is ready, proceed rapid 
cooling to stop the fermentation process and achieve exactly the desired taste, flavor, 
texture, appearance and required shelf life. If the process continues for too long or too short, 
these characteristics of quality indicators vary adversely [4]. 
Conducting continuous automatic control of lactic acid fermentation  by titration or 
potentiometric measurement of active acidity is difficult to implement, especially in 
fermentation in vessels with limited volume, considering most industrial technologies for 
production of yogurt [5, 9, 13]. This type of measurements can be carried out partial  in the 
first phase of coagulation in the manufacture of tanks yogurt because the whole amount of 
fermented milk is fermented in a single vessel. Determining the actual amount of lactic acid is 
also difficult because of the ability of milk to resist sharp change of its parameters by reaction 
with yeast. 
Impedance measuring method is one of the possible methods through which can be 
accomplished continuously parametric control of technological environments, including 
biological environments. Amendments of the specific resistance ρ and permittivity ε, and 
related impedance changes of the studied biological environment are usually the result of 
metabolic products of microorganisms  developing therein. The method is based on a 
predetermined functional relationship between the values of the measured impedance 
component (active or capacitive) and the amount of lactic acid in the test bio environment [3, 
6, 8]. 
The target of this work was to determine the relationship between the relative change of 
titratable acidity and the relative change of active impedance component of the dairy 
environment in conditions of  lactic fermentation. 
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2. MATERIAL AND METHODS 
 
The milk is divided into four groups according to their fat content: 2.4%, 3.2%, 4.3% and 
5.4%. It is determined by the Gerber’s method, BDS 1671-89. Heat treatment is performed at 
90 оC for 20 minutes under constant stirring. At the next stage the milk is chilled to a 
temperature of 43 ± 0,5 оC and acidified by 2% industrial yeast delivered by certified 
manufacturer. The soured milk is dispensed into polystyrene cups with a capacity of 100ml 
and in the measuring cell thereafter all samples are placed in a thermostat, wherein the 
temperature is maintained at 44 оC. 
 

 
 

Figure.1. Two-electrode measuring cell with coaxial electrodes 
1,2 - point electrodes; 3 - insulating glass 

  

Tracking of the process is performed by measuring of the active resistance and 
determination of its corresponding titratable acidity. The determination of the overall acidity 
by Thorner is performed according to BDS 12:2010 [1]. The establishment of the active 
resistance is performed using the impedance measurement system IM2005 [7]. Used two-
electrode cell is from coaxial capacitive-type (figure 1) with dimensions L = 49mm, D = 
51mm, d = 20mm. The frequency of the current through the cell is 10KHz, and the amplitude 
is Im = 1mA. 
 

 

 
Rs - ohmic resistance 

of the measured 
environment in the 
cell;  

C1 (E1), C2 (E2) - 
current-carrying 
electrodes; 

Cs - equivalent 
polarizing capacity 
of current-carrying 
electrodes. 

 
Figure.2. Equivalent circuit of contact impedance cell 
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Figure 2 shows an electric model of a contact cell, reflecting the impedance changes in the 
biological environment. 
ZS impedance of the measuring cell in the first approximation can be expressed by equivalent 
parameters RS and XS [7]: 
 

𝑍𝑠 = 𝑅𝑠 − 𝑗𝑋𝑠;     𝑍𝑠 = [𝑍𝑠] = √𝑅𝑠
2 + 𝑥𝑠

2   (1) 

 
The active component Rs is determined by the ohmic resistance of the internal volume of the 
measuring cell, and the reactive component XS – from the polarization capacities allocated in 
the contact areas of the two electrodes. 
The statistical data processing was carried out with MS Excel and Statistica, Statsoft, Inc. 
 
3. RESULTS AND DISCUSION  
 
It is presented the relationship between the resistance and the acidity together with the 
statistical parameters of the fat content of cow's milk - Table 1 - from 2.4%, in Table 2 - at 
3.2%, in Table 3 - in the case of 4.3%, in Table 4 - 5.2%. 
The specifics of the experiment determined the dependent variable to participate with 
accurately measured value, and the independent to be characterized by statistical dispersion 
[10]. 
It was established a normal distribution of the data for the four types of fat with the test of 
Shapiro-Wilk. The statistical parameters of 4 sets of data have been calculated, and the 
results confirm the hypothesis of a Gaussian distribution. Scattering coefficients have values 
less than 20%, indicating an acceptable dispersion around the average value. The positive 
skewness is dominant, therefore, increasing the acidity causes a higher density of the 
distribution. 
 
Table 1. Relationship between resistance and acidity in fat content in the milk 2.4% 

Resistance Acidity - statistical parameters 

R, Ω 
Average 
value,  

oT 

Standard 
deviation 

 

Dissipation 
factor 

skewness kurtosis 

450 16,63 0,91 5,46 0,65 1.85 

435 20,57 1,33 6,45 0,88 2.14 

420 25,58 1,37 5,34 1,16 2.21 

405 30,52 1,78 5,82 -0,21 -1.89 

390 35,85 1,75 4,89 0,86 1.28 

375 41,03 2,15 5,23 1,66 3.79 

360 47,97 1,62 3,37 0,72 0.85 

345 53,50 3,46 6,46 0,14 1.52 

330 67,10 1,93 2,88 -0,89 -3.78 

315 83,70 5,46 6,52 -0,24 -1.99 

300 115,63 8,38 7,24 -1,67 -5.84 
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Table 2. Relationship between resistance and acidity in fat content in the milk 3.2% 
Resistance Acidity - statistical parameters 

R, Ω 
Average 
value, oT 

Standard 
deviation 

Dissipation 
factor 

skewness kurtosis 

465 17.63 0.95 5.42 0.02 -5.91 

450 20.15 4.53 22.49 0.20 -2.83 

435 26.97 4.67 17.33 1.19 0.78 

420 30.19 5.99 19.84 0.05 -1.93 

405 36.22 5.75 15.87 0.31 -1.64 

390 42.34 7.15 16.89 0.66 -0.68 

375 47.78 8.63 18.06 0.51 -1.49 

360 55.73 10.47 18.79 0.33 -1.55 

345 65.28 11.41 17.47 0.74 -0.80 

330 77.31 11.04 14.28 1.01 -0.48 

315 89.67 4.25 4.74 -1.29 3.88 

300 119.50 7.50 6.27 0.34 3.90 

 
Table 3. Relationship between resistance and acidity in fat content in the milk 4.3% 

Resistance Acidity - statistical parameters 

R, Ω 
Average 
value, oT 

Standard 
deviation 

Dissipation 
factor 

skewness kurtosis 

465 20,71 2.76 13.31 0.16 -1.74 

450 25,41 3.14 12.34 0.58 -2.92 

435 30,94 3.55 11.49 0.27 -2.06 

420 35,99 2.91 8.08 0.60 -2.98 

405 38,22 8.67 12.68 -1.37 2.84 

390 47,45 3.65 7.68 0.55 -2.84 

375 53,04 3.45 6.50 1.73 -6 

360 62,07 2.38 3.83 -0.79 1.06 

345 72,00 3.10 4.31 -1.49 3.24 

330 86,51 5.27 6.09 0.41 -2.45 

315 112,67 3.51 1.12 -0.42 -0.05 

300 119,88 2.13 1.78 -0.45 1.67 

 
Table 4. Relationship between resistance and acidity in fat content in the milk 5.2% 

Resistance Acidity - statistical parameters 

R, Ω 
Average 
value, oT 

Standard 
deviation 

Dissipation 
factor 

skewness kurtosis 

520 21,31 0.00 0.00 - - 

495 22,83 2.16 9.45 0.00 -6 

480 26,60 7.78 19.24 1.63 2.75 

465 28,96 0.69 2.39 0.09 -5.45 

450 33,74 1.68 4.99 0.42 -3.46 

435 37,86 1.92 5.08 0.45 -2.87 

420 43,22 1.70 3.93 0.25 -3.59 

405 49,10 1.56 3.17 0.21 -4.48 

390 56,26 1.45 2.58 0.16 -5.03 

375 64,23 1.07 1.66 0.01 -5.26 

360 73,71 1.89 2.56 0.00 -2.87 

345 86,62 1.38 1.59 -0.41 -3.01 

330 105,71 8.34 7.89 0.39 -2.38 

317 121,77 1.91 1.57 -0.44 -2.70 



ARTTE 
 

 

Applied Researches in Technics, Technologies and Education 
Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 4, No. 2, 2016 ISSN 1314-8788 (print), ISSN 1314-8796 (online), doi: 10.15547/artte.2016.02.006                        

137 
 
 

Figure 3 shows graphics of the four groups of fat. 
The data is interpolated with cubic spline with software Korelia [11,12]. 
 

 

 
Figure.3. Relationship between electrical resistance and acidity in 4 types of fat. 

 
From the obtained results, we can conclude that the greater the fat is, the higher the 
resistance is. This can be explained by the fact that with an increase in the fat content, the 
mobility of the current carriers in the measured environment is reduced. 
Upon increase in titratable acidity, the concentration of hydrogen ions H + increases, where 
the conductivity increases, and the electrical resistance of the milk environment decreases. 
Electrolytic conductivity (EC), commonly abbreviated as EC, is the measurement of a 
substances ability to carry an electrical current. During fermentation, the production of lactic 
acid converts colloidal calcium and magnesium into their ionic forms. These ions are able to 
carry a current through the fermented yogurt, thus increasing the EC. By monitoring how EC 
changes over time, fermentation can be monitored within a batch of yogurt and be used to 
determine when fermentation has finished; after an initial increase of EC in the beginning of 
fermentation, the electrolytic conductivity stabilizes, indicating the end of lactic acid 
production. 
 
4. CONCLUSION  
 
This work established relationship between acidity and impedance of milk being coagulated.  
 The relationship between the relative change of titratable acidity and the relative change 

of active impedance component of the dairy environment with lactic fermentation is 
determined. It is researched the active resistance and titratable acidity of the product in 4 
types of fat (2.4%; 3.2%; 4.3%; 5.2%). 

 An analysis of  the processes while the yogurt is coagulating has been made and  it is 
established that objective for assessment of the key indicators in the process of 
coagulation of milk are impedance methods. 
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 The graphics of processes are built, applying spline interpolation. The processes 
graphics clearly show that with an increase in the fat content, the electrical resistance 
increases too. 

 A creation of a mathematical model for the change in resistance as a function of the fat 
content and acidity and solving an optimization problem to determine the time of 
completion of the coagulation. 
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Abstract: The report presents results of an analysis of data from an organoleptic evaluation of cheese 
Krema”. For the processing of the results is used “Principal component analysis”. The organoleptic 
data are analyzed for 1

st
 15

th
 and the 30

th
 day of storage. For quality evaluation of cheese "Krema" are 

used the methods of sensory analysis and physico-chemical methods. The sensor analysis is applied 
in order to measure, analyze and interpret the specific characteristics of the cheese "Krema" that are 
perceived by the senses, vision, taste and smell. The influence is studied of the storage period on the 
organoleptic characteristics of the dairy product. 
Keywords: Cheese “Krema”, Organoleptic evaluation, Principal component analysis. 
 
 

1. INTRODUCTION 
 

Cheese "Krema" is produced from whole or skimmed cow's milk and cream with fat content 
of 25-30%. The original mixture has a fat content of 12 to 12,5%. The cheese is produced on 
the basis of acid-thermal coagulation. Under the action of the milk fat, which is formed during 
the fermentation of the milk sugar of lactic acid and aroma forming bacteria overcomes the 
capacity of the buffer action of the proteins, the active acidity is lowered near the isoelectric 
point of the coagulation of casein. As a result, at 21-22oC occurs coagulation. The oil part 
remains on the structure of coagulum [2, 5]. 
The cheese “Krema” is often spread on bread, bagels, crackers, etc., and used as a dip for 
potato chips and similar snack items, and in salads. It can be mixed with other ingredients to 
make spreads, such as yogurt-cream spread (five parts cream cheese, four part yogurt, 
whipped). Cheese “Krema” can be used for many purposes in sweet and savoury cookery, 
and is in the same family of ingredients as other milk products, such as cream, milk, butter, 
and yogurt. It can be used in cooking to make cheesecake and to thicken sauces and make 
them creamy. Cheese “Krema” is sometimes used in place of or with butter (typically two 
parts cream cheese to one part butter) when making cakes or cookies, and cream cheese 
frosting. It is the main ingredient in the filling of crab rangoon, an appetizer commonly served 
at U.S. Chinese restaurants. It can also be used instead of butter or olive oil in mashed 
potatoes and in some western-style sushi rolls [1, 10, 11]. 
For quality evaluation of cheese "Krema" are used the methods of sensory analysis and 
physico-chemical methods. The sensor analysis is applied in order to measure, analyze and 
interpret the specific characteristics of the cheese "Krema" that are perceived by the senses, 
vision, taste and smell. As a result of organoleptic analysis gives a quantitative assessment 
of user quality of cheese "Krema." Organoleptic assessments used in sensory analysis are 
the averages of the data in the sensor panel [1, 3, 8, 9, 12]. 
The sensor analysis differs significantly from physico-chemical methods in its fast, accurate, 
but subjective nature. By means physico-chemical methods identify indicators such as 
moisture content, pH, fat content, acidity and proteins that give us information on the quality 
of cheese "Krema". The results of the physical and chemical research is a valuable addition 
to sensory evaluation. The suitability of the instrumental methods should be evaluated on the 
basis of the results of sensory evaluations obtained by a commission consisting of tasters. 
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The purpose of this study is to perform principal component analysis of sensory data of 
cheese "Krema". 
 
2. MATERIAL AND METHODS 
 
To conduct the study were purchased commercially, seven cheeses "Krema" from different 
manufacturers. Samples were stored for 30 days under refrigeration conditions at 0-5oC [1, 
4]. For the studied cheeses are identified: Moisture content,% - BNS 1109-89; Active acidity 
– Used potentiometric pH meter (Model MS 2011, Microsyst, Plovdiv, Bulgaria), equipped 
with an electrode (pH electrode Sensorex, Garden Grove, CA, USA); Fat content,% - by 
Gerber in accordance with ISO 2446 (ISO2446, 2008); Titratable acidity – BNS 1111-80; 
Proteins – by Kjeldahl, % (BNS EN ISO 5983-1: 2005); Organoleptic analysis – performed by 
five-point scale, rated are: Butter flavor, Graininess, Sour taste, Fatty after taste, 
Compactness.In the organoleptic analysis participate sensor panel of nine panelists who are 
not separated by gender and age. The results of organoleptic analysis are treated with 
Matlab software and method "Principal component analysis (PCA)" [5, 6, 7, 8, 12]. 
 
3. RESULTS AND DiSCUSSION 
 
Table 1 shows the mean values of some physico-chemical parameters defined in 1, 15 and 
30 days in researched storage period. From the data it is seen that by increasing the duration 
of storage of samples of cheese "Krema", the moisture content is reduced and the amount of 
protein in them, while the acidity was increased insignificantly. The changes in the physico-
chemical indicators define and the organoleptic evaluations of the analyzed samples of 
cheese "Krema." 
 
Table 1. Physico-chemical parameters of cheese "Krema" 

Parameter 
Day/ Sample 

Water 
content, % 

рН 
Fat 

content, % 
Acidity, % Protein, % 

day 1 

S1 56,50 5,00 12,00 1,46 7,12 

S2 57,50 5,00 11,68 1,45 7,12 

S3 57,10 5,00 11,56 1,43 7,30 

S4 57,20 5,00 11,55 1,42 7,50 

S5 57,30 5,00 11,35 1,51 7,60 

S6 56,60 5,00 11,28 1,49 7,15 

S7 57,80 5,00 11,25 1,48 7,65 

day 15 

S1 55,10 5,00 12,10 1,61 6,85 

S2 56,15 5,00 11,69 1,61 6,81 

S3 56,12 4,00 11,60 1,65 6,98 

S4 56,10 4,00 11,62 1,63 6,92 

S5 55,15 5,00 11,52 1,68 6,95 

S6 55,10 4,00 11,38 1,58 7,05 

S7 55,65 5,00 11,35 1,63 6,98 

day 30 

S1 51,85 4,00 12,20 1,70 5,01 

S2 53,40 4,00 11,85 1,69 5,02 

S3 52,90 4,00 11,84 1,68 5,08 

S4 52,89 4,00 11,82 1,71 5,07 

S5 52,78 4,00 11,85 1,69 5,05 

S6 51,80 4,00 11,90 1,65 5,01 

S7 52,60 5,00 11,50 1,69 5,02 
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In Table 2 are shown the mean values of the assessments of organoleptic evaluation of the 
studied cheese "Krema”. It is seen that with increasing duration of storage for samples 1, 2, 
3, 4 and 6 increases organoleptic evaluation of butter flavor, consistency, sour taste and 
graininess. For samples 5 and 7 for the same period of storage are observed decreased the 
organoleptic assessments in these indicators. 
  
Table 2. Mean values of organoleptic indicators of cheese "Crema" 

Parameter  
Day/ Sample 

Butter 
flavor 

Graininess Sour taste Fatty after taste Compactness 

day 1 

s1 1,90 2,80 2,90 3,20 0,95 

s2 2,90 3,90 2,80 4,55 1,90 

s3 3,10 3,70 3,90 4,10 1,90 

s4 1,90 4,00 4,00 3,30 1,80 

s5 3,90 1,90 3,90 3,30 2,90 

s6 4,00 1,80 3,90 3,80 3,80 

s7 2,60 2,70 2,80 4,30 3,20 

day 15 

s1 2,80 3,45 3,40 3,10 1,95 

s2 3,20 4,50 3,20 4,30 2,20 

s3 3,50 4,80 4,20 4,30 2,70 

s4 2,50 4,70 4,60 4,70 2,40 

s5 4,90 2,95 4,80 4,90 3,30 

s6 4,90 3,20 4,50 4,20 4,30 

s7 4,30 3,90 4,80 4,20 3,70 

day 30 

s1 3,15 4,20 3,85 3,15 2,80 

s2 3,60 4,90 3,50 4,80 2,50 

s3 3,90 4,80 4,70 4,90 3,30 

s4 2,70 4,90 4,70 4,90 2,60 

s5 4,90 3,70 4,90 3,30 3,70 

s6 4,90 3,30 4,90 4,50 4,60 

s7 3,70 4,70 4,10 4,70 3,70 

 

 
 

Figure 1. Results for day 1 
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Figure 1 presents the results of analysis of samples of organoleptic evaluation on the first 
day of storage. The data shows that sample 2 has the best indicators fatty aftertaste and 
samples 5 and 6 are far from the indicators. The remaining samples 3, 4 and 7, have good 
Butter flavor, Graininess, Fatty after taste, Sample 1, according to data analysis is with 
degraded organoleptic indicators. 
 

 
 

Figure 2. Results for day 15 
 
Figure 2 presents the results of analysis of samples of organoleptic evaluation in the fifteenth 
day of storage. According to the analysis of samples 6 and 7 have the best indicators of 
graininess and butter flavor. The remaining samples are with deteriorated organoleptic 
indicators. 

 
 

Figure 3. Results for day 30 
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In analyzing the samples in the thirtieth day of their storage at all there is a minor change in 
the organoleptic indicators. There is a slight increase in sour taste in the samples the most 
significant it was observed in first sample. The data of the results are presented in Figure 3. 
The sour taste is slightly increased for the samples 1, 3, 6 and 7. 
The data shows that in the first day of storage of samples, all have high values of indicator 
fatty aftertaste. With increasing the storage time in the fifteenth and thirtieth day of storage, 
there is increasing performance butter flavor, compactness and graininess of the samples.      
 
4. CONCLUSION 
 
The analysis of the results of the study can be concluded as follows: 
 It has been used method "Principal component analysis" for evaluation of sensory 

characteristics of cheese “Krema”. 
 The influence is evaluated of the storage period on the organoleptic characteristics of 

the dairy product and the results show that with increasing the storage time in the 
fifteenth and thirtieth day of storage, there is increasing performance butter flavor, 
compactness and graininess of the samples. 

 In subsequent studies can be made analyzes based on the data referred to by the 
tasters and implement other methods of analysis as "Correspondence analysis", 
"Analysis of variance", "Multi-factor analysis". 
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Abstract: In the present article is analyzed the refrigerants and their impact on the environment 
according to the Bulgarian and European legislation. Here is discussed and analyzed the proposed 
methodology for determining the total equivalent warming potential. 
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1. INTRODUCTION 
 
Climate change, which is towards global warming, is a major problem at present. If the 
situation is not well in hand it will cause irreversible impacts on Earth and life on it. For this 
crucial role has humanity whose activities beyond natural cycles causes anthropogenic (i.e. 
caused by human activity) global warming. Emission of carbon dioxide emissions and other 
gases in the atmosphere such as methane, which has a significantly higher warming 
potential than CO2, causing the so-called greenhouse effect, which reflected from the Earth 
and solar radiation (mainly infrared) cannot dissipate in space, and comes back and further 
warms the Earth. Ozone depletion in the southern hemisphere reached unprecedented levels 
in 1998. It is observed severe ozone depletion over the Arctic region. Increased radiation of 
UV-B radiation due to ozone depletion poses a significant threat to health and the 
environment. This requires all countries active actions and decisions to improve energy 
efficiency and reduce greenhouse gas emissions [7]. 
These commitments are described in the first ever international agreement on regulation of 
substances that deplete the ozone layer, signed in 1987 called Montreal Protocol. Since then 
it has been ratified by 196 countries. Its aim is to phase out various substances with ozone-
depleting potential, including chlorofluorocarbons and hydrochlorofluorocarbons, which are 
often used as fuel or in refrigeration and air conditioning systems. Framework Convention of 
the United Nations on Climate Change in 1992 in Rio de Janeiro, ratified by the Republic of 
Bulgaria in 1995 [3], aims to stabilize "greenhouse gas" emissions at the level from 1990. In 
1997 in Kyoto (Japan) was adopted document known as the Kyoto Protocol [5], which 
provides for such emissions to be shortened by an average of 5.8% the major greenhouse 
gases (carbon dioxide, methane, nitrous oxide and produced by the people of fluorinated 
greenhouse gases) in the period 2008-2012. 
The European Parliament and the Council adopted on 17 May 2006 Regulation (EC) № 
842/2006 on certain fluorinated greenhouse gases (F-Gas Regulation). This regulation is 
valid from July 4, 2007, lays down specific requirements for the various stages in the life of 
the F-Gas from production to destruction. 
In these and other documents related to the attempts of humanity to reduce anthropogenic 
influence, considerable space is given to refrigerants as one of the main sources of global 
warming, ozone depletion, impacts on human health and other adverse effects [4]. 
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The purpose of this work is to analyze the classification of refrigerants under current 
legislation, and exploring methods to assess their impact on the environment and human 
health. 

   
2. ANALYSIS OF THE CLASSIFICATION OF REFRIGERANTS UNDER CURRENT 
LEGISLATION 
 
According to ISO 817: 2014 in Bulgaria was introduced classification of refrigerants in terms 
of their impact on the environment. It is made based on three criteria determining the impact 
of refrigerants on the environment and human health (Figure 1). 

 

 
 

Figure 1. Classification of refrigerants, according to ISO 817: 2014 
 

2.1. Classification of refrigerants according to their safety 
 

According to the criterion safety for refrigerants are important factors flammability and 
toxicity. Depending on the lower flammability at atmospheric pressure and room temperature 
refrigerants are divided into four groups: 
- First group - non-flammable - refrigerants that do not ignite the vapor phase at any 
concentration in the air; 
- A second group - slightly flammable - refrigerants that the lower limit of inflammability at a 
concentration higher than or equal to 3.5% by volume, the heat of combustion less than 
19000 KJ / kg and a speed of ignition of less than 0,1m/s; 
- A third group - flammable - refrigerants that the lower limit of inflammability at a 
concentration higher than or equal to 3.5% by volume, the heat of combustion less than 
19000 KJ/kg; 

Criteria for the 
classification of 

refrigerants 

safety 

flammability  

toxicity 

ozone safety fluorine content 
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- A fourth group - highly flammable - refrigerants that the lower limit of flammability at a 
concentration of less than or equal to 3.5% by volume, the heat of combustion greater than 
19000 KJ/kg. 
According toxicity factor determining influence is the concentration of refrigerants in unit 
volume, as they relate to one of two groups: 
- group A - refrigerants with an average concentration that have no harmful effects on 

nearly all workers who may be exposed on a daily basis that impact normal 8-hour day 
and 40 hour working week, as the value of the concentration is equal to or less lower 
than 400ppm. 

- group B - refrigerants with an average concentration that have higher chronic toxicity 
nearly all workers who may be exposed on a daily basis that impact normal 8-hour 
workday and 40-hour workweek, the value of concentration under 400ppm. 

It is important to know that toxic decomposition products can be obtained not only from 
refrigerants, but are the result of contact with a flame or hot surfaces under certain 
conditions. 
Under Regulation (EC) № 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorization and Restriction of 
Chemicals (REACH) refrigerants are accompanied by an information sheet describing the 
manufacturer, composition, dangers, precautions and more. 
Limits of flammability can be used to determine the guidelines for the safe handling of volatile 
chemicals. They are mainly used in the evaluation and ventilation requirements for handling 
of gases and vapors. 
Generalized assessment of refrigerants presented in [2] classifies them into the following 
groups of safety (Table 1): 

 
Table 1. Groups of safety defined by the flammability and toxicity 

High flammability А3 В3 

Low flammability А2 В2 

No flame spread А1 В1 

 Low toxicity High toxicity 

 
If there has any doubt on which group to carry refrigerant, it must be classified in that group 
requiring more stringent precautions. 
Very often in practice the refrigerant is a mixture of different refrigerants. Then assessment is 
carried out for each criterion based on the individual components as a single component 
refrigerant. 

 
2.2. Classification of refrigerants according to their impact on the ozone layer 
 
On the reduction of the ozone layer affect many factors and atmospheric phenomena that 
react with ozone (O3) and transform it into oxygen (O2). The biggest impact are refrigerants, 
because of the specific chemical composition - content of fluorine (F), chlorine (Cl), bromine 
(Br) and hydrocarbons (CH). This is the basis on which are classified refrigerants in [2]: 
- Refrigerants of the first group - CFC- refrigerants that contain fluorine, chlorine and highly 
ozone active, e.g. R11, R12, R13, R113, R114, R115 and mixtures R500, R501, R502, 
R506. These refrigerants have been replaced and its production is strictly prohibited. 
- Refrigerants in the second group (hydrochlorofluorocarbons): 
• HCFC - contain both fluorine and chlorine and hydrogen (R22, R123, R124, R412 and 
mixtures R401A, R401B, R402Q, R506); 
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• FS- only contain fluorine (R14, R116, R218 and mixtures R508); 
• HFC- hydrogen fluoride (R23, R32, R125, and mixtures R407C, R410A, FX40). 
These refrigerants are a temporary solution and in accordance with Directive №1804 / 2003 
is a schedule for their prohibition of the use in national legislations. 
In Bulgaria, according to data from the National Survey and develop a national strategy for 
phase-out of hydrochlorofluorocarbons in Bulgaria [8] 2008 of refrigerants greatest quantity is 
used by the group HFC - 76,684 kg and by the group HCFC - 17,149 kg, mainly in air 
conditioners and heat pumps. 
This use corresponds with the stated quotas for our country for the use of refrigerants by 
these groups as currently we fulfill requirements for the 2020. 
- Refrigerants from a third group - HC - these are hydrocarbons containing only carbon and 
hydrogen, without fluorine and chlorine (R170, R290, R600, R600A, R1270 and mixtures 
R290 / R600A). The shortcomings of these groups refrigerants is their flammable and the risk 
of ignition. 

 
2.3. Classification of refrigerants to the content of fluorinated greenhouse gases 
 
Gases, which containing fluorine although they have no ozone-depleting properties have a 
higher potential for global warming and the negative impact on climate change. Under the 
Protocol of the third evaluation of the IPCC (Intergovernmental Panel on Climate Change) 
that is indicative of the reflectivity of well-mixed greenhouse gases that represents the 
combined effect of the differing times these gases remain in the atmosphere and their 
relative effectiveness in absorbing infrared radiation. This indicator compares the warming 
effect over time per unit mass of a given greenhouse gas in today's atmosphere to carbon 
dioxide. 
In the Proposal for a Decision of the European Parliament and the Council on the Common 
Program of the European Union for Environmental Action 2020 "Prosperity within our planet" 
adopted at the 7th meeting of the commission, February 19, 2013 is proposed to reduce at 
least 20% of greenhouse gases. 
Most fluorinated greenhouse gases which have a high global warming potential are 
controlled under the Framework Convention of the United Nations on Climate Change and 
the Kyoto Protocol. 
Legislation in Bulgaria prohibits the use of refrigerants of HCFC group from 01.01.2007. 
Increasing application are cooling systems that use mineral zeolite adsorbent for water and 
methanol as refrigerant. Its mechanism of action of thermodynamic cycle adsorption-
desorption [6]. In legislation adopted in our country in detail the question of control and 
collection of waste substances such as refrigerants in refrigeration. 
 
3. ANALYSIS OF ASSESSMENT METHODS REFRIGERANTS UNDER CURRENT 
LEGISLATION 
 
The replacement of ozone active refrigerants with alternative activity is depending on 
complex factors. Generally, they must meet the following conditions. They must: 
- be chemically stable and inert.  
- having entered the atmosphere to disintegrate before reaching the stratosphere; 
- have solubility in refrigeration oils have high dielectric properties; 
- have low freezing point; 
- be compatible with the elements of the installation; 
- be easily detectable leaks; 
- be non-toxic or very low toxicity and flame; 
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- have low cost. 
Hydrocarbons group HC has one of the good solutions. They have some attributes that have 
the opportunity to explore the possibilities for their widespread use as refrigerants: 
- they have zero ozone depletion potential; 
- they have Low potential for warming; 
- as a waste product from the oil industry, they can be profitably processed and delivered; 
- they can be combined with all used in refrigeration substances; 
- they can operate with lower temperatures of compression; 
- they do not contain particles that do not form decomposition acids; 
- they have good solubility of the hydrocarbons may lead to dilution of the oil and 
deterioration of lubrication; 
- the necessary quantity of the filling of the installation is considerably less; 
- they have better energy performance of hermetic compressors for household appliances. 
The main disadvantage of hydrocarbons from HC group is that they are flammable and there 
is a danger of spontaneous combustion. 
The data for these refrigerants are given in Table 2. 

 
Table 2. Characteristics of refrigerants from group HC 

An 
indication 

of the 
refrigerant 

Refrigerant Chemical 
formula 

Molar 
mass, 

kg/kmol 

Auto ignition 
temperature, 

0 C 

Limit concentrations 
firing in the air 

Lower 
limit 

kg/m3 

Upper 
limit 

kg/m3 

R 170 Ethane CH3CH3 30 515 0,037 0,19 

R 290 Propane 
CH3CH2-

CH3 
44 470 0,038 0,171 

R 600 Butane C4H10 58,1 365 0,036 0,202 

R 600a Isobutane CH(CH3)3 58,1 460 0,043 0,202 

R 1150 Ethylene CH2=CH2 28,1 425 0,031 0,391 

R 1270 Propylene C3H10 42,1 455 0,043 0,174 

R 50 Methane CH4 16 645 0,032 0,098 

 
These data are given in European Standard [1]. Additionally provided herein restrictions in 
the international standard [2] prescribe additional and upper limit concentrations of 
refrigerants from this group. 
To this moment for measuring greenhouse gas used Global warming potential (GWP). It is a 
relative measure of how much heat a greenhouse gas traps in the atmosphere. It compares 
the amount of heat trapped by a certain mass of the gas in question to the amount of heat 
trapped by a similar mass of carbon dioxide. A GWP is calculated over a specific time 
interval, commonly 20, 100 or 500 years. GWP is expressed as a factor of carbon dioxide. In 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, methane 
has a lifetime of 12.4 years and with climate-carbon feedbacks a global warming potential of 
86 over 20 years and 34 over 100 years in response to emissions. User related choices such 
as the time horizon can greatly affect the numerical values obtained for carbon dioxide 
equivalents. For a change in time horizon from 20 to 100 years, the GWP for methane 
decreases by a factor of approximately 3. The substances subject to restrictions under the 
Kyoto protocol either are rapidly increasing their concentrations in Earth's atmosphere or 
have a large GWP. 
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The GWP depends on the following factors: 

 the absorption of infrared radiation by a given species 

 the spectral location of its absorbing wavelengths 

 the atmospheric lifetime of the species 
Thus, a high GWP correlates with a large infrared absorption and a long atmospheric 
lifetime. The dependence of GWP on the wavelength of absorption is more complicated. 
Even if a gas absorbs radiation efficiently at a certain wavelength, this may not affect its 
GWP much if the atmosphere already absorbs most radiation at that wavelength. A gas has 
the most effect if it absorbs in a "window" of wavelengths where the atmosphere is fairly 
transparent. The dependence of GWP as a function of wavelength has been found 
empirically and published as a graph. 
Because the GWP of a greenhouse gas depends directly on its infrared spectrum, the use of 
infrared spectroscopy to study greenhouse gases is centrally important in the effort to 
understand the impact of human activities on global climate change. 
The adopted classification system and an indication of refrigerants do not give an overall 
assessment of their impact on the environment and human health. So look for a methodology 
for determining a complex impact. Such a method is proposed in [1], where in Annex B 
describes the methodology for determining the total equivalent Warming Potential (TEWI). It 
includes an assessment of the complex interaction of both individual refrigerant and a 
complex system as a whole. 
The index TEWI is designed to calculate the contribution to global warming resulting from the 
use of refrigerants for process cooling and heating. It takes into account both the direct 
impact of refrigerant on the climate and indirect impact on energy consumption for normal 
operation of the refrigeration system. 
For a given system TEWI include: 
- Direct effect on global warming under certain conditions of refrigerant leakage 
- Direct effect on global warming due to greenhouse gases emitted from insulation and other 
components, if any 
- Indirect effect on global warming from CO2 emissions associated with the production of 
energy for the operation of the refrigeration system. 
There are a number of research teams working on methodologies for calculating TEWI that 
will be explored at a later stage. 

 
4. CONCLUSION 
 
• In the recent years much has been done on the replacement of ozone-depleting refrigerants 
with ozone-safe. However, work on search, development, testing and implementation of new 
ozone-safe refrigerants is continuing. We have not yet found the ideal substitutes mainly 
used refrigerants such as R12, R22, R502. 
• Of the total analysis may be noted that energy efficiency is much more important goal for 
reducing global warming by cooling itself. It turns out that a refrigeration machine that is 
efficient and uses a refrigerant with high global warming potential could be a better choice 
than not efficient refrigeration machine working refrigerant with low global warming potential, 
but there is a large energy. 
• Refrigerants from the group of hydrogen fluoride (HFC), which are alternatives to those 
already prohibited (R12, R22) have a dual effect. On the one hand does not deplete the 
ozone layer and on the other, as the main component of fluorinated greenhouse gases 
(HFCs, PFCs, SF6) - F gases they have very high global warming potential as strongly 
influenced in the process of global warming. 
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• The current methodology in accordance with regulations to determine the impact of 
refrigerants on the environment suggests using common equivalent Warming Potential - 
TEWI. There are looking for new more accurate methods of determining influence. 
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Abstract: A green wall is a wall partially or completely covered with greenery that includes a growing 
medium, such as soil. Most green walls also feature an integrated water delivery system. Green walls 
are also known as living walls or vertical gardens. Green walls are used as one of means which for 
many years have been used to enrich the appearance of building elevations. They make it possible to 
introduce greenery into urban areas, which are often limited by the size of the building plot. They add 
an exceptional aesthetic aspect to the so-called ‘blind’ walls found in city centers. Green walls not 
only bring with them an element of beauty and integration with nature, but by being used to a wider 
extent, could also have a positive impact on the city’s microclimate. Various technologies enable the 
creation of green walls on the outside of buildings as well as in semi-open spaces and interiors. In this 
publication, five different methods of setting up living walls are described, from the relatively simple 
technique of planting climbers that easily cover bare walls to modular panel systems or green wall 
systems with flower pots to ‘living wall’ solutions and finally, to Patrick Blanc’s highly sophisticated 
vertical garden technology. 
Keywords: vertical garden, green wall, technology and construction. 

 
 
1. INTRODUCTION 
 
In today’s world, many businesses and institutions are making sustainability their main 
priority. This is because of the adverse effects of environmental degradation, resource 
depletion, and climate change on our society. Our society is providing new environmentally 
friendly technologies to reduce carbon emissions, improve air quality, and provide health 
benefits. Even with the resources and technologies available, many businesses make 
sustainable efforts only if the project is economically feasible, with a proper payback period. 
Hence, a proper analysis of the feasibility of a sustainable project is done with the help of 
life-cycle assessment (LCA). As opposed to an economical study, a LCA addresses potential 
environmental impacts, availability of resources, construction costs and limitations, and other 
aspects of a sustainable project. A LCA of green walls analyzes the mentioned criteria to 
determine whether it is a feasible solution in aiding the environment. 
 
2. BACKGROUND - TYPES OF GREEN WALLS 
 
Green walls, also known as living walls or vertical gardens, are man-made stable 
ecosystems attached to the walls of buildings. As seen in Figures 1 and 2, a green wall can 
be located on either the interior or exterior of a building. Exterior green walls generally 
reduce energy consumption and help with the urban heat island effect, while interior green 
walls are used for a healthier and stress free environment. 
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Figure 1. Interior wall           
 

Figure 2. Exterior wall 
 
According to the company, Green Roof Technologies (2014), there are four general kinds of 
green walls - Extensive, Free Standing, Semi-intensive and Intensive. Figure 3 shows the 
different characteristics and appearance of these green walls. Extensive walls are the most 
commonly found walls, comprising of vines growing on the sides of buildings. They have little 
to no maintenance as well as a very low installation cost. Freestanding walls do not need a 
building’s support to grow, like trimmed bushes in a garden. Semi-Intensive walls are made 
with a wire mesh to support the vines and creepers for growth (“Green Walls,” 2014).  
However, Intensive Walls have a more intricate framework for plants to grow on. For 
example, an Intensive panel system wall has the plants’ roots embedded in soil panels that 
are pre-cultivated off site. Intensive walls tend to be around 7-15 cm deep, which allows for 
the growth of larger plants (“Green Walls,” 2014). An intensive green wall is the costliest 
green wall, but provides the most environmental benefits due to its size and design. 
 

 
 

Figure 3. 
From left to right– An extensive, freestanding, semi intensive, and intensive green wall 

 
Green walls are recently becoming more and more popular across the globe. They are 
widespread in Europe and other areas of warmer temperatures, although with the proper 
plant variety, they can be made to survive in the colder climates. A well-known exterior green 
wall is the Il Fiordaliso Shopping Center in Milan, Italy (Figure 4), which is 4144 meters wide 
and covered with over 44,000 plants (Zimmer, 2012). Green walls are also popular in 
Singapore and Germany, where many buildings are being designed to integrate green walls 
panels into their structure. 
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Figure 4. The Il Fiordaliso Shopping Center 
 

3. PATRICK BLANC’S TECHNOLOGY 
 
On the basis of many years of studies and numerous travels to tropical rainforests, Patrick 
Blanc described the most-simple solution in his patent entitled ‘Design for growing plants 
without soil on a vertical surface’. In this document, he presented a structure consisting of a 
vertical surface covered with felt, which is a substitute for soil and retains water. The whole 
structure consists of a framework from a vertical PVC sheet additionally covered in 
polypropylene foil. Two layers of felt are attached with the aid of fasteners. The plants 
require access to light, carbon dioxide and mineral-enriched water. The construction 
possesses an automatic plant water moisturizing system regulated by a moisture meter. 
The roots develop not in a capacitive but on a flat surface, unlike many other soilless 
cultivation systems where the roots grow inside a capacity filled with certain substances (for 
example peat, mineral cotton, coconut fiber, or polystyrene mixtures). The weight of the 
whole vertical installation is very significant. Thinner materials like felt are not deformed by 
changes of temperature. Micro-fissures between fibers can expand in freezing conditions 
without changes to its general structure. This is because fibers are nonstructural woven 
materials. The durability of the material is strengthened with polypropylene foil placed 
between the fabric and PVC sheets. 
Felt does not decompose because it is made of acrylic fibers. Of all the elements of the 
vertical garden, only felt has an influence on the plants’ biology. In its fibers, the roots can 
grow and become rooted, and absorb water and nutrients. In reality, this fabric can be 
compared to a thin layer of algae and moss growing on rocks and tree trunks. Different 
species of plants in the vertical garden grow into the fabric just like they would grow into 
beds of moss on a rocky surface. In order to facilitate plant installation, the fabric consists of 
two layers fixed (with stainless steel fasteners) to a durable PVC construction with a layer of 
polyurethane foil. In the first layer, vertical openings 5 cm to 10 cm wide are cut, depending 
on the dimensions of the plants. Soil is removed from the plants and their roots are placed 
between both layers. 
Initially, fibers and steel fasteners hold the plant. Later the roots start to grow in all directions. 
The roots grow into the fabric and entwine around the fasteners. Thanks to this process, the 
plant is able to hold itself. Some of the shrubs’ roots can be as much as several meter long. 
The completely open structure is only limited by its dimensions. This enables the shrubs and 
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small plants to coexist, because the fabric is able to evenly distribute water and nutrients in 
its entire surface. The entire exchange between plant roots, water and air occurs in the 
irrigation fabric. In the fabric, an interaction occurs between microorganisms and plants, this 
enables the roots to absorb more water and mineral salts. 
Microorganisms interacting with the roots can convert toxins (such as pesticides, different 
organic mixtures and volatile organic compounds) emitted by industry, vehicles and the 
biological activity of humans and animals into less harmful substances. City dust is an 
additional impurity. Electrostatic forces keep this dust on the surface of leaves. In vertical 
gardens, dust washed out by rain, gathers in the felt. There, it is decomposed by 
microorganisms into substances which the plant can absorb. This irrigation fabric becomes a 
certain type of ecosystem in which different biological processes occur. It is irrigated by a 
plastic tube made of low density polyurethane which makes it more resistant to deformations 
caused by water freezing. This tube is arranged horizontally and has 2 millimeter openings 
placed every 10 cm. Water is supplied to the plants at an appropriate pressure, 3‒5 times a 
day, depending on the time of year. Each irrigation lasts from 1 to 3 minutes. To maintain 
mineral balance in the root systems, a fertilizer is applied which is much more diluted than 
that used in farming or gardening. If rain-water is used for irrigation, the density is even lower 
due to the fact that such water contains calcium carbonate which partly prevents the 
absorption of useful ions. Depending on exposure to the wind and sun, time of year and if 
water retention is used, a vertical garden requires a daily amount of 0.5 to 5 liters of water 
per meter squared. 
A vertical garden must have its own construction. This structure consists of a stiff, water-
resistant, non-toxic material. Blanc initially used wooden panels, attempting to recreate tree 
trunks that exist in the natural environment. With regular irrigation, they lasted 3–5 years. He 
then started to use PVC, which turned out to be ideal. With 10 mm long fasteners, the 
wooden panels are able to withstand a weight of 100 kg/cm2. A stiff PVC panel can be 
directly attached to a wall supporting a vertical garden. Circulation of air between the wall 
and the PVC panel is, however, recommended. One of the various solutions to this is a 
framed construction made of metal pipes (aluminum, galvanized or stainless steel) which is 
attached to the wall. This construction has a rectangular grid built from pipes with square 
cross-sections, each 4 cm long.  
 

 
 

Figure 5. Patrick Blanc’s green wall solution 
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The connected pipes form a grid of dimensions 60 × 60 cm. Sometimes, constructors prefer 
to install vertical pipes with horizontal bars attached to where the PVC panels abut. The 
panels are riveted to the metal pipes. Silicon is used to seal pipe connections and protect 
them from water. The weight of the vertical garden is quite low. 10 millimeter PVC panels 
weigh 7 kg per m2. One must add 3‒5 kg/m2 for irrigating fabric, depending on how much 
water it contains, and 1 to 5 kg/m2 for the plants (depending on the species). This gives an 
average of 15 kg/m2 for a structure enabling the growth and long-term stability of the plants. 
The whole construction together with the metal frame may weigh from 20 to 50 kg/m2. 
Patrick Blanc’s green wall solution is shown in the detail (figure 5). Plants together with 
irrigating material, a 1 cm panel and a 4 cm gap created by the metal frame, constitute a 
solid insulation from the cold in winter and the heat in summer. The vertical garden may 
serve as part of a renovated old and abandoned building, giving insulation, visual comfort 
and better air quality.  
Patrick Blanc uses several criteria in order to plan the sequence, arrangement and selection 
of plant species used for each project. The most important criteria being geographical 
location, latitude, and the direction of light towards which the garden is exposed8. In turn, as 
far as internal gardens are concerned, the same climate can be ensured in every location. A 
comfortable temperature for humans is around 20 degrees Celsius. This is comparable with 
the temperature of forest undergrowth (a layer in the ecosystem consisting of bushes) in 
tropical forests at a height of 600 cm to 800 cm. The case is similar with the amount of 
available light possibly achieved in closed spaces (1,500 to 2,000 lx, which is 1.5% to 2% of 
full sunlight). Relative humidity amounts to around 50%, whereas in the tropical forest 
undergrowth, it ranges between 85% and 95%. Low humidity is unfavorable for plants since 
it exposes the plant to dryness. A vertical garden has its own micro-climate in relation to the 
surrounding level of humidity. The fact that the irrigating fabric is constantly moist, and that 
plants release water back outside, improves the conditions of growth for the whole garden 
and enables more delicate plants to be cultivated which would not survive in ordinary flower-
pots. 
All the selected species in each project are arranged in a particular sequence. This is 
selected depending on the climatic conditions occurring in different parts of the vertical 
garden, and also on the rate of growth and the aesthetic and structural aspects of each 
species. As far as external gardens are concerned, Blanc attempts to recreate the plant 
strata occurring on cliffs. This means that plants are fully exposed to wind and sun at the top, 
and at the bottom, the rock base which is partly embedded in undergrowth (a layer of 
bushes) and protected from wind and big changes in humidity and temperature. In internal 
gardens, Patrick Blanc prefers to plan the strata which occurs in forest canopies. An 
appropriate combination of species in a vertical garden is an important factor contributing to 
the general impression of the whole garden. The combination must result from an 
understanding of how the plants evolved. A garden must look to be thriving already several 
weeks after installation and should grow and create the same impression for many years. 
The plants planted next to each other should grow at a similar rate in order to avoid 
competition for space and subsequent overcrowding. Plants in high gardens must be able to 
withstand strong winds, large fluctuations in temperature and the drying out of irrigation 
material between watering. To achieve a harmonious plant combination, one must take into 
consideration the spatial characteristics of each plant, the way it branches out, where and 
how its roots naturally grow, leaf density, dimension, size, texture and color of leaves, and 
how they absorb and reflect light. Plants are arranged on the basis of their ecological, 
structural and chromatic characteristics, giving each vertical garden a unique identity which 
changes over time. 
Vertical gardens must be nurtured because they are a collection of living organisms. An 
efficient system of irrigation should be constantly ensured for at least several days, 
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especially in summer. If need arises, additional light should be given. Technical maintenance 
of the garden involves several annual inspections, usually once every three months for 
external gardens and two for internal ones. Some species require little special care. Species 
with well-developed shoots, such as shrubs, need to be trimmed with garden shears to 
prevent them from branching out too much. The branches of shrubs should be no longer 
than 2 meters to minimize the movement of the plants’ center of gravity in relation to their 
supporting vertical garden.  
 
4. BENEFITS  
 
Along with being aesthetically appealing, green walls can provide many environmental and 
financial benefits. There can be a reduction in cooling costs inside a building due to the 
additional layer of protection that limits UV radiation in the summer. A reduction of heating 
costs can occur in the winter as the green wall acts as insulation and prevents heat transfer 
through the walls. This not only reduces the total energy costs in heating and cooling, but 
also helps counteract the urban heat island effect. An urban heat island is a phenomenon 
observed in densely populated regions surrounded by rural area, in which the urban area 
has higher temperature fluctuations than the surrounding area. This is because of the larger 
population producing higher carbon emissions and the buildings trapping in solar radiation.  
Plants are one of the fastest, most cost effective agents for rectifying negative perceptions of 
an area, enhancing a buildings public profile and significantly improving the visual amenity, 
economic, and social conditions of the city. The application of vertical gardens is shown to 
increase property values by dramatically increasing the amenity of buildings, and 
establishing higher public acclaim, transforming them into recognizable landmarks.  
Building protection is primarily produced by reducing temperature fluctuations of the building 
envelope. Decreased temperature fluctuations reduce the expansion and contraction of 
building materials and extend the building’s lifespan. Green Walls shield the building 
envelope from ultra-violet rays and acidic rain by reducing cracking and carbonization of the 
building envelope, the buildings durability is improved and its service life extended. 
Soil and plants which used for plant arrangements in Vertical Gardens, have a voice 
absorption feature. For this reason they perform to decrease voice function which happened 
both in building and its close area Green Walls provide a noise buffer which significantly 
reduces outside noise and vibration (up to 40dB) inside our homes and workplaces. A small 
indoor hedge placed around a workspace will reduce noise by 5 decibels. 
One of the biggest benefits of vertical gardens is how they manage water. For starters, 
watering is very efficient as it is done using a drip irrigation system or a hydroponic system. 
Any waste water is collected at the bottom of the garden in a special tray where it is drained 
away. Alternatively, it can be recycled and put back on the garden. This means that 
practically all the water is used up by the plants and there is very little waste. There is also 
no runoff into storm water systems so natural waterways are not affected by pollutants that 
can be found in storm water or waste water. 
A green wall offers immediate environmental advances in reducing existing greenhouse and 
other volatile organic compounds from our polluted cities. Plants act as bio-purifiers and can 
play a dramatic role in improving the quality of city air through a number of biochemical 
processes by removing and breaking down airborne contaminants from both inside and 
outside a building. When combined with plant photosynthesis, which produces clean, oxygen 
rich air, it becomes easy to see the value of employing living plants as bio-purifiers in 
polluted urban environments. Approximately 1 square foot of vegetated wall area will filter 
the air for approximately 100 square feet of office area. Considered in very general sense, 
planting one wall of any house which situated 50 houses on the street is equal to plant 50 
trees on this street. Yet another benefit of vertical gardens is that they improve the air quality 
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of built up areas, both inside the home and outside. This is because plants are natural filters 
– taking carbon dioxide from the air and replacing it with much needed oxygen. They also 
help to filter pollutants from the air. This means that the air that you breathe is much cleaner 
and healthier. 
Plants reduce wind-speed also they prevent dust with wet environments which created with 
their roots and leaf. By means of this event, plants bring about extinction to harmful 
microorganisms with onsite sap and juice. Air quality improvement from plants has been 
shown to reduce coughs by thirty percent and dry throat and irritation by twenty four percent 
also, the plants clean the office air by absorbing pollutants into their leaves and transmitting 
the toxin to their roots, where they are turned into food for the plant. With cleaner office air 
building occupants are less likely to be sick and rooms with plants contain 50% to 60% fewer 
of airborne molds and bacteria than rooms without plants. 
Indirectly, living walls reduce air-conditioning requirements and energy consumption of urban 
buildings through cooling the city. Vegetation on walls can assist in cooling buildings in 
summer and insulating them in winter. In winter, evergreen species offer a degree of 
insulation by trapping a layer of air against the facade and reducing convectional heat loss. 
An insulating effect of up to 30% has been recorded although such a high percentage is only 
likely when temperatures fall close to freezing. Energy savings are less significant on well 
insulated buildings, such as those with brick cavity walls. During the summer, hot walls 
cause temperatures to rise inside buildings, increasing demand on cooling systems and 
consuming more energy. A Green Wall surface temperature is reduced when covered with 
plants, reducing the wall temperature and building cooling load. Green Walls can reduce wall 
temperature as much as 10°C which results in significant air conditioning savings. 
As they grow vertically, many pests cannot even get to the plants. This means that you have 
very little problems with pests attacking your plants so you do not need to use pesticides or 
insecticides on your plants, saving you using chemicals. As well, air circulates well around 
the vertical garden and they also get plenty of sunshine, so there is much less risk of the 
plants suffering from mildew, fungus or disease. 
Vertical gardens have demonstrated that restorative effect of natural scenery holds the 
viewer’s attention, diverts their awareness from themselves and from worrisome thoughts 
and elicits a meditation-like state. They help ease physiological and psychological pressures 
of city life by providing a spiritual and physical connection to nature. The beauty of a green 
wall (covering concrete and steel) can rejuvenate our minds and physical fatigue is greatly 
reduced. The presence of plants in the office not only reduces stress but also helps increase 
workers’ productivity. 
Natural habitats are disappearing at an alarming rate, and habitat loss is the number one 
threat to wildlife today. Green Walls are part of the solution to help restore wildlife habitats. 
By carefully choosing and planting attractive plant species, a Green Wall will attract birds 
and butterflies. Green Walls can be designed to provide the ideal conditions for birds, bees 
and butterflies to survive. It can provide water, food sources, protection, and places to bear 
and raise offspring. 
An urban heat island (UHI) is a metropolitan area which is significantly warmer than its 
surrounding rural area, especially in late afternoons and nights at winter season. To avoid 
confusion with global warming, scientists call this phenomenon the "Urban Heat Island 
Effect. "There are several reasons that may explain the Heat Island Effect, but the main 
reason is the excessive urban development. Green walls are by far the most popular way to 
cooling the city. Green Walls in cooling buildings and combating the Heat Island Effect and 
greatly reduce this effect by absorbing a lot of the heat through the evaporation process. 
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5. CONCLUSION 
  
Green facades, are used for centuries to make residential palaces more beautiful, have been 
introduced into urban areas in the 20th and 21st centuries. This is the result of new 
technology. They are currently being designed not only for commercial, but also residential 
purposes. Vertical gardens are proof that cold, bare walls can give many species of plants 
the opportunity to grow. City walls can become mini-botanical gardens. Each wall can 
display the flora typical of a given region. The appropriate selection of plants can give many 
different species the possibility to grow together in a small area. This can be done by taking 
into consideration plant growth surfaces, which prevents competition for space. 
For building energy efficiency, durability, natural beauty, cost effectiveness and adaptability, 
green facades offer the design community a substantial asset. The green facade industry 
continues to evolve and there are a significant number of projects that have thrived for more 
than a decade, demonstrating a long range return on investment. Installation techniques and 
construction adaptability will continue to improve, and innovative design applications will be 
further advanced as designers continue to push the envelope for green facade inclusion. 
The case for that inclusion can be strengthened by taking the described considerations into 
account. The completion of this outlined process will help to establish a mainstream 
acceptance of green facades as a standard building component. 
Today, when over half of the world’s population lives in cities, we must show that nature can 
find a place for itself in urbanized environments. Its inclusion would teach city dwellers to be 
more sensitive towards protecting what is left of the natural environment. It may well be that 
with the increasing use of green walls in our country, more expensive and effective methods, 
such as Patrick Blanc’s technology, will be applied. 
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Abstract: As we know we live in a process of industrialization and massive building of residential 
buildings, both individually and as a collective housing. Given all that happens even with the 
procedural other things to come up with all this, the country remains less green space that is required 
for a single environment, so the roof gardens are the best choice for all of this to get a beautiful 
country. For roof gardens should be given the explanation that, roof gardens, call it beautiful, flat 
roofs, and with gentle slope, with rich composition intensively maintained and often impose a 
constructive adaptation of the building and benefits by the architectural beauty, insulation, absorption. 
Commonly found in urban areas and almost always are placed foliage with not very high growth. 
Keywords: landscaping, gardens, benefits. 

 
 
1. A HISTORY REVIEW OF THE ROOF GARDENS 
 
The origins of the roof gardens are getting us a millennium ago in the Babylonian Empire, 
where was assumed that the existence of the earliest hanging gardens on Semiramida, the 
one of the Seven World Wanders. 
From historical view, roof gardens are connected with the coulomb for Adonis – Phoenician 
god, the symbol of the blossom,  It’s assumed that the coulomb was like, whenever he died 
(every single year) he was buried on the roofs of the houses and that’s why the roofs and the 
balconies have been decorated with vegetation.  
On the balconies there were clay pots, where the fast growing flowers were placed. The 
Adonis Holiday was respected even in the Empire Rome and Empire Greece. 
Ever since then the people realized that every single free vent, even though it’s not on the 
land, have to be used for vegetation, just like the Romans have used their roofs and 
balconies for growing plants. 
The roofs of wealthier owners of the villas were converted in gardens with lakes. On the 
Kings boat, that kind of gardens with lakes was there.  
The roofs of the villas in Germany and Italy, in the renaissance, represented big collections 
of foreign plants, that are collections of plants brought for the other sides of the Earth.  
If we give a review of the roof gardens we will become aware that in the past they were built 
for beautification of the area and the architecture of the object itself, but today they are built 
because of a need of not having enough vent for green areas, therefore the roof gardens are 
made, like a target for air filtering, beautification of the area and the others benefits they 
have. 
 
2. THE INDUSTRIALIZATION PROCESS, REASON TO BUILD ROOF GARDENS 
 
We live in the time of industrialization and modern architecture. In the present the bigger 
meaning is given and the bigger swing is taken by modern buildings and the industrialization, 
but getting to these two processes, a sacrifice is needed.   
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Figure 1. Roof garden in the central city area 
 

In these cases the greenery is sacrificed that is on the Earth land that means the “city lungs” 
are sacrificed. The expense of the pollution air and unhealthy environment, these two 
processes are building and implemented, to which, we all agree that they are modern and 
necessary in the modern society, but not taking the swing completely, that means to be built 
by the cost of the green area that has existed for a long time. 
To overcome all of this, even in small measures, and a green area is placed again , even 
though on the place of the old green area some architectural object is already built, the roof 
gardens are built. They are mostly used and we can see them in the downtowns of the big 
cities, because there is no space for them on the Earth land for the green area to be build 
and maintained, therefore the roof gardens are made. 
 
3. THE MEANING OF THE ROOF GARDENS FOR THE ENVIRONMENT 
 
The roof gardens are mostly found in the downtowns of the cities, on the roof constructions 
of the residential objects for collective housing, business objects or individual residential or 
business objects.  
The plants that are used in the roof garden formation, have ability to reduce the heat loss of 
the building, that means to maintain the inner ceiling part of the building, while without them 
there will be a huge heat loss. 
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Figure 2. Green roof layers 
 

Also, they are not allowing the sunlight that is coming from the exterior ceiling, to be directly 
missed inside, but a part will be held with the help of the green roof vegetation and they will 
be transformed in heating energy. 
One study of the International Canada Council of Research, demonstrated differences, 
between roofs with and roofs without gardens, in regarding of the temperature. The study 
shows that the temperature effects on different layers, on every roof in different periods of 
the day. In that view the roof gardens are obviously very useful, and in the terms of the 
absorption, power saving, as well as the heat in the  certain periods of the day and certain 
periods of the year.  

 
 

Figure 3.  Green roof comparison 
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Except the isolation, if the roof gardens own plant species with higher growth, there will be 
possibility of air cleaning. 
In the big cities, there is a big problem with the atmospheric sewers, which means that if 
there are no atmospheric sewers, all the storm water will flow in the fecal sewage, which 
leads to overload the sewerage grid, and that leads to pipes cracking, frequent outbursts etc. 
If we want to prevent, even a part, we can find the roof gardens useful. They can hold big 
part of the storm water for themselves, and one part through their drainage, is thrown to the 
sewerage grid. If every single building in the downtown of the city has roof garden and there 
is no atmospheric sewerage, we will automatically gain a reduction of water that will be 
permeated in the sewerage grid, there will be burden reduction, as well as the risk of pipes 
cracking and overflowing. 
The existing roof gardens, increase the value of the object where they are placed, which 
means that the investor will recover twice more money from the value of the investment for 
construction, as well as the object, and also the roof garden, because they provide a good 
ambience, isolation, clean air, and a place for rest and relaxation for the buyers and the 
visitors  
Certainly, from the financial point this is much valuable option, a roof garden to be built on 
some an existing and paid building, than buying a land and building a new green oasis. In 
the developed countries, this is even more valuable, because in some of them, the 
legislation stimulate this kind of ventures. 
 
4. ROOF GARDENS AROUND THE WORLD 
 
4.1. Villa Bio by Enric Ruiz-Geli 
 
The green roof design of Villa Bio stands out amongst a community of cookie-cutter, 
Mediterranean-style homes in Llers, Spain.  While it was first met with controversy, the 
completed Villa Bio reflects the nature of the local landscape much more intimately than its 
neighbors.  That nature does not end at the corner of its plot, but continues on to the home’s 
hydroponic garden that snakes along its green roof.  Architect Enric Ruiz-Geli has 
masterfully designed a home with a seamless connection with the Mediterranean 
environment, an organically-inspired structure with a lush, productive green roof. 

   

 
 

Figure 4.  Villa Bio by Enric Ruiz-Geli 
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4.2. Mill Valley Residence by McGlashan Architecture 
 
This terraced, multi-family home in Mill Valley, California is as hilly and green as the 
environment around it.  The Mill Valley Residence by McGlashan Architecture includes three 
sections, each with its own green roof, built into the hill of the lot. The green roof design of 
the Mill Valley Residence may not produce vegetation of the garden variety, but plants that 
hail from the home’s local flora.  The result is a stunning home with a green roof that reduces 
heating and cooling costs and stimulates the habitat of local Mill Valley wildlife. 
 

 
 

Figure 5.  Mill Valley Residence by McGlashan Architecture 
 
4.3. Mountain Dwellings by BIG Architects 
 
The Mountain Dwellings by BIG Architects features a green roof design on a grand scale.  
The Mountain Dwellings comprise 80 single-family units, each with its own private “back 
yard”, a green roof over the unit below.  Due to the sloping nature of the structure, each 
green roof deck is out of view of the unit below and above it, with privacy fences separating 
the units side-by-side.  The Mountain Dwellings of Copenhagen provide city living and the 
back yard feel of suburban life, thanks to a brilliant green design by BIG Architects. 
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Figure 6. Mountain Dwellings by BIG Architects 
 

4.4. Nanyang School of Art 
 
The Nanyang Technological University of Singapore recently erected a green roof building to 
house their School of Art, Design and Media.  The five story structure features two curved 
sections with stretches of green roof fully accessible to students.  In the Nanyang School of 
Art, the line between landscape and building are blurred.  Beyond the aesthetic value of this 
green roof design, this living skin saves heating and cooling costs and collects rainwater for 
landscape irrigation. 

     

 
 

Figure 7. Nanyang School of Art 
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5. CONCLUSION 
  
With the more recent projects, and the more recent investigations, as well as the mentioned 
examples in this labor, we can make a conclusion that every object of any kind of culture and 
any kind of purpose it has, it can possess green area.  If there is not enough space for green 
area around the object, that can be achieved with projecting a roof garden.  
The roof gardens are becoming common place in the big cities centers, so they are starting 
to be practiced all around the World, like a object beautification, a costs of heat and cooling 
reducers, as well as rainwater accumulation.  
The roof gardens will become necessary in every new object in a short time.  
We can make a conclusion that, the societies have to stimulate this kind of ventures, by 
implementation more project for roof gardens like a future modern and effective landscaping. 
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