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NEW TEXTILE MATERIALS AND STRUCTURES:  
AN IGNITION FOR CHANGES 

 IN THE NEIGHBORING FIELDS OF ENGINEERING 
 

Savvas G. Vassiliadis, Stelios M. Potirakis, Stelios A. Mitilineos, Nikos A. 
Stathopoulos, Maria N. Rangoussi & Kleanthis I. Prekas  
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Abstract: The textile technology has served in the past mainly the basic clothing requirements. The 
high complexity of the processes and the great diversification of the raw materials obliged the textile 
technologists to remain focused on the tasks of their core issues. The interaction of the textile 
technology with the other fields of engineering was limited in the use and application of the 
technological improvements of the other sectors in it. Over the years the textile industry became an 
excellent application field of the mechanical, electrical, electronics, chemical etc. engineering. The 
push of the offered technologies increased the productivity and the quality issues in the field of 
textiles. In parallel, the incorporation of the new technologies increased the capability of the textile 
engineering and gave it the opportunity to offer new materials and structures. The new items were 
used for the favour of improved textile products. Later the new materials and structures were exported 
in the neighboring sectors finding excellent applications and solving respective technical problems. 
Obviously, textile technology took a new role and came technologically closer to the other engineering 
fields and it ignited a lot of technological changes. 
Keywords: Textile Materials, Textile Structures. 
 
 
1. INTRODUCTION 
 
Textile technology passed from the hand driven operations of the ancient times to the 
industrialized era without conceptual changes. The fibres had to be preprocessed and then 
spun in order to get the textile yarns. The yarns through the weaving or knitting phase were 
interlaced for the production of the fabrics. The dyeing and finishing stages resulted in the 
final form of the textile fabrics. The makings up processes were important for the 
transformation of the fabrics in garments or other domestic final use objects. Although the 
concept remained the same for centuries, in the last few decades the changes in terms of 
production speed, response times, production cost and diversification of the products were 
huge. There is no means to compare the productivity of a contemporary spinning frame or a 
loom or a knitting machine with the respective of the near past. The extensive use of 
industrial control and automation systems in the production lines has eliminated the influence 
of the expertise for the setting up or the regulation and operation of the machines. Complex 
procedures became ordinary and trivial since they are computer-supported. These changes 
made possible the increase of the quality of the produced goods, the increase of the 
production rates and finally it made easier the production without highly skilled personnel, 
enabling thus the production in less developed areas with limited resources.  
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Figure 1. Initial technology flow towards the textile engineering field 
 
The technological background as it has been stated above, enabled up to six collections of 
clothes in the market every year, very low prices and a lot of design capabilities. The clothing 
and domestic textiles have reached the saturation level from the technical point of view. 
However the field of the technical textiles in parallel to the modern multifunctional ones 
attracted more and more the interest of the researchers. Over the last years the technical 
textiles gained a lot of interest especially in the developed countries, which could offer highly 
specialized and skilled personnel for the engineering, design and production of high value 
added products. Some technical products, like the geotextiles are already in wide use and 
they are treated as commodity products already. On the other hand the field of the medical 
textiles for example is continuously developing. Next to that, military, sports, structural, 
aerospace etc. textiles are in a developing phase, mainly driven by the applications and the 
needs of the particular fields. 
The new phase of the textile engineering has as major characteristic that its initiated and 
driven by the technical situation and the needs of the neighbouring fields. The technological 
push of the traditional textiles has been replaced mainly by the technological pull of the new 
application fields. The new engineering and developing status is parallel and complementary 
to the development in the neighbouring fields. Any kind of progress and development is 
ignited or made possible through the respective technological ability of the textiles to offer 
such a solution. Very often more than a simple transfer activity is enough to realize a 
technological transfer between the various fields. It is usual to observe multiple factors 
affecting the successful transfer of technology. The maturity of the application of 
technologies, the synergy effects between them, cost issues etc., are the most important of 
the factors influencing the kinetics of the technological flows and exchange phenomena. 
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Figure 2. Final technological flow between the textile and the other engineering fields 
 
2. CASE STUDIES OF TECHNOLOGICAL EXCHANGE  
 
2.1. New building methods in the Civil Engineering field 
 
In the Civil Engineering area, one of the most important structural materials is the reinforced 
concrete, where the steel reinforcement plays a significant role in the mechanical behaviour 
of the final construction and especially in its tensile behaviour. The use of textile materials 
instead of the steel rods could having resulted in very light and very strong constructions. 
However the concrete mixture in its early liquid form couldn't penetrate the pores and the 
openings of the fabrics in order to incorporate them in the final structure having the role of 
the reinforcement. 

 
 

Figure 3. Interdisciplinary synergies for the development of a new product. 
 
One of the latest developments of the material science and chemical engineering is the low 
viscosity concrete. Its low viscosity property made possible the use of the concrete with 
fabrics as reinforcement material. However the typical fabric sheets were not suitable for use 
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in the concrete scaffolds, since they were flexible and they could not take a stable position 
before and during the pouring. A very good solution was given by the offer of the three 
dimensional fabrics by the textile industry. The combination of the two technologies resulted 
in a new product with unique properties. The three dimensional fabric is constituted of two 
layers made of high tenacity glass fibres kept in distance by a set of bent polyester fibres and 
a third kind of fibre used for the stabilization and the tie up of the fibres of the first two 
categories. The distance between the two reinforcement fabrics is kept constant because of 
the spacer fibres. The spacer fabric can be used in combination with low viscosity concrete 
for the production of very thin concrete walls. In order to minimize the development period, 
finite elements method has been chosen in order to create three-dimensional mechanical 
models so that the final performance of the fabric to be predetermined [3].  
 

 

   
 

Figure 4. Cross-section, side view (up) and  
the computational model of the 3-D fabric (down) 

    
2.2. Textile based electrical components for use in wearable electronic systems 
 
In the first approaches of the wearable electronic systems, the electronics parts were 
separated from the textile carrier. It would be more efficient to characterize them portable or 
embedded electronic systems. The electronic circuit, although it was adapted for such a use, 
it remained without functional connection with the textile object. Later the involvement of the 
textile materials for the development of wearable systems was enhanced. Conductive yarns 
could replace the wires for the power supply or the signal transmissions [4] [5].  
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Figure 5. Conductive yarns used for the power supply of the LEDS placed on the fabric 
 
More detailed work has been proven that the conductive yarns themselves can operate as 
distributed capacitors and distributed coils. The related capacitance and inductance depends 
on the structural characteristics of the yarns and the fabrics. The final electrical properties 
can be defined precisely in the engineering and design phase of the fabric. The final result is 
that the textile engineering can support the electronic engineering field by the offer of 
conductors or passive components for the benefit of the performance, cost and suitability of 
the wearable electronic systems [6]. 
 

 v-i curves, 500 kHz, l=2 cm v-i curves, 500 kHz, l=10 cm 
  
Figure 6. The inductance of the textile components causes the time lag between voltage and 

current waveform 
 
2.3. Thermocromic fibres for the indication of the change of the temperature of the 
human body 
 
The development of the thermochromic pigments allowed the production of materials -by the 
blending of the pigments in a polymer matrix- with thermochromic properties. Under special 
conditions, it became possible to produce thermochromic fibres using an extruder and a PP 
matrix. There are already examples in the literature with clothes mainly for babies which 
change their colour in the case of fever, giving though a visual sign to the parents. Nowadays 
the temperature discrimination on the colour change of the fibers allows the change of the 
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colour under precisely defined conditions. It became possible to detect local infections for 
example in the leg due to blood circulation problems. The development phase included the 
cooperation between chemists, textile engineers and electronic engineers and the final 
product is foreseen to serve the paramedical sector. 

  

                 
  

Figure 7. Design and modelling of the testing jig (precision heating plate)  
 
The important point is the spinning of the filaments, so that the thermochromic behaviour will 
be the main characteristic of the fibres, while the fibres will not loose their textile properties, 
since the additives are interrupting the continuation of the polymer structure and thus the 
tensile strength becomes essentially lower. Textile engineering in this phase is very 
important. The detection of the infection is the first step. After the detection, the textile 
material must measure the temperature, to feel the pressure applied, detecting the swelling 
of the tissue and finally to try to cool it. In general, every part of this project presupposes the 
electronic, mechanical and textile engineers for the benefit of the monitoring of the human 
body, a field belonging to the medical or paramedical sector [7], [8]. 
  
3. CONCLUSSIONS 
 
The above mentioned cases are highly indicative of the new era in the textile technology 
field. From the old position of the receiver of the technological improvements of the 
engineering sectors around it, the current situation is mainly characterized by the offer of 
technological elements to other sectors. It is of high importance the cooperation of specialists 
of the involved sectors and the most critical point is the common language to be used for 
ensuring the successful result.  The examples below have mentioned characteristic cases of 
multidisciplinary research and development projects involving textiles as a technology 
provider. There is a big number of such development projects ensuring that the key role of 
the textile technology is a permanent phenomenon, which influences the strategic research 
decisions and orientations of the other engineering sectors.  
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Abstract: The study identifies some milestones of the Nanoart-science-technology in different 
societies (fashion; dresses, interior Design, exhibitions), by focusing on the aesthetic components of 
the Nanotechnology environment. Mesh quilting is based on stitching 3D geometry elements together 
to reduce distortion of geometry elements inside the 3D space of the thin shell. 
The study offers innovative suggestions for fashion design by organizing the aesthetic components of 
the Nanoart-science-technology. These are formed in constructive ways that are commensurate with 
the dimensions of structural design by using computer. The most important results include: First, 
demonstrate the ability to achieve new designs through the aesthetic components available in the 
Nanoart-science-technology. Second, Disclosure of aesthetic values of NanoArt,and Show how 
enriched the Nanoart-science-technology is with artistic aesthetics that have been utilized as a source 
of inspiration in lie field of fashion design. Finally, Design a collection of new invented fashions by 
using computer; which lead to diversity in forms, colors, and re-organized Nanotechnology elements. 
Keywords: Nanotechnology, Nanoart, Fashion, Interior Design, Texture Synthesis, Geometric Detail. 

 
 
1. INTRODUCTION  
 
Art is a product of human interaction with the environment. Nanoart plays on the aesthetic 
paradox of exposing ideas, concepts and artwork that cannot be seen. Nanoart is the perfect 
antidote for the massive amount of images that are 'projected' to us every day and every 
second. With all its diverse forms and colors, the environment becomes the source of 
inspiration, which feeds the human culture especially the artist who reflects on his art and 
more general forms of textures, such as bump mapping and volumetric textures, were 
introduced to palliate the artifacts of image texturing, while still eliminating the tedium of 
modeling and rendering every 3D detail of a surface such as a geometric texture synthesis 
algorithm in which a 3D texture sample given in the form of a triangle mesh is seamlessly 
applied inside a thin shell around an arbitrary surface through local stitching and deformation. 
In addition to their own work and experiences in the field, artists and designers always 
depend on a variety of sources from which they gain new ideas that match their innovations 
and creations. Therefore, they search for design sources that allow them to produce 
informative designs in such a verity that colors, units and elements form the intricate part of 
the design. Often, the visual design perception may include natural environment such as 
rivers, mountains, deserts, seas, plants, animals, climate, and nanoart of technology. It may 
also include industrial environment such as man-made productions of buildings, architectural 
art, installations, and roads. by combining the two sources from the designer and the 
environments, we may find a harmonious connection. While the designer is in fact a part of 
his environment, he can also be influenced by it. Therefore, the sources of inspiration; such 
as museums, cities, paintings, sculptures, films, photography, books and internet [25] arc 
unlimited. 
 

mailto:Smartex@kfs.edu.eg
https://db3prd0104.outlook.com/owa/redir.aspx?C=8moDtdpVH0-_KHL-lZSHKSdiM6-WLc8IEK66FFFF-7bQxZkH3OYi3vBlnQcnrJFmW8aYy268nV4.&URL=http%3a%2f%2fus.mc1108.mail.yahoo.com%2fmc%2fcompose%3fto%3dDr__elnashar%40hotmail.com
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1.1. Geometric of knitting stretch Surfaces 
 
The first successful representation for complex geometric details was introduced in [Kajiya 
and Kay 1989] [19] as three-dimensional textures, and has since then been proven to be 
efficient for rendering complex scenes containing forests, foliage, grass, hair, or fur [Neyret 
1998] [20]. Pro-cedural 3D texture synthesis [Peachey 1985; Perlin 1985; Perlin and Hoffert 
1989] [21, 22] can extend the applicability of such techniques. 
However, manipulating and animating the content of these volumetric textures can be 
particularly delicate. Recently, [Elber 2005; Porumbescu et al. 2005] [1, 24] advocated a 
more versatile representation for geometric detail modeling using mesh-based details. Both 
method simply tiles textures over the plane and then maps the textures to 3D surfaces. 
However, this process is limited to periodic textures and most importantly it will produce 
texture discontinuity across chart boundaries since arbitrary surfaces do not have a global 
parameterization over the plane. Although a few other papers have proposed such a mesh-
based creation of geometric textures on arbitrary meshes (see [Fleischer et al. 1995]) [5], 
they are mostly restricted to the dissemination of simple texture elements over the surface, 
like scales or thorns, and do not allow the design of woven materials for instance. The fabric 
surface has small in jersey knitting deformation due to large tensile modulus, as a trace of 
the science-technology environment created to nanoart elements is used to improve the 
quality of fashion and design. These structures are visualized with research tools 
like scanning electron microscopes and atomic force microscopes and their scientific images 
surface are captured and further processed by using different artistic techniques to convert 
them into artworks as large bending deformation can easily be observed in fabric surfaces 
drape phenomena due to a relatively small out-of-surfaces knitting bending rigidity. For most 
particle-based drape simulation algorithm with a rectangular grid structure, for a particle 
surrounded by other particles , the sum of angles between adjacent two links is 2 at initial 

state. However, it may not remain 2 during the simulation because the relative positions of 
particles may be changed. As the bending rigidity of the jersey knitting fabric is defined by a 
parameter ranging from 0 to 1 in this study, the bending behaviour of the Jersey Knitting 
Fabric (JKF) can be predicted by considering this parameter when calculating the sum of 
angles for each particle as shown in Equations (1-10). Then we can see fitting equation is the 

Bust circumference ( 2 ) of Jersey Knitting Fabric (JKF) distance coefficient as follows:  
 

 FWFW FW
E  Bod

T

Ci
2

                                              (1) 
 

2VSC/VSC
100

 BJKF 







  i
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i
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                         (2) 

 
Where: Ci= knitting courses, T= total numbers of needles operating, Y = maximum distance 
of node from the edge of the waistline contour,   Where: Y = minimum distance of node from 
the edge of the waistline contour, n = number of nodes. Then we can see fitting equation is 

the Arm circumference ( 3 ) of Jersey Knitting Fabric (JKF) distance coefficient as follows:  
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http://en.wikipedia.org/wiki/Scanning_electron_microscopes
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the Back circumference ( 4 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the waist circumference ( 5 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the Hip circumference ( 6 ) of Jersey Knitting Fabric 
(JKF)  distance coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. The 
fitting form of designing system “body-clothes” from horizontal and vertical cross sections 
that crossed in more important and informative points. Systems of the equations, uniting both 
databases and allowing direct of indexes belonging to the clothes outline shape are 
generated. Relationships for the values of shapes and silhouettes of system "body-clothes" 
under the influence of pattern indexes (eases equal to differences between the pattern sizes 
and body dimensions, configuration of counter lines, position of darts, etc.) are received. 
Informative areas of main kinds of clothes and the equations for their changing are defined 

[4]. Then we can see fitting equation is the Bust circumference ( 2 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the Arm circumference ( 3 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the Back circumference ( 4 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the waist circumference ( 5 ) of stretch distance 
coefficient as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. 

Then we can see fitting equation is the Hip circumference ( 6 ) of stretch distance coefficient 
as follows:  
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Where: Y = maximum distance of node from the edge of the waistline contour,   Where: Y = 
minimum distance of node from the edge of the waistline contour, n = number of nodes. The 
fitting form of designing system “body-clothes” from horizontal and vertical cross sections 
that crossed in more important and informative points. Systems of the equations, uniting both 
databases and allowing direct of indexes belonging to the clothes outline shape are 
generated. Relationships for the values of shapes and silhouettes of system "body-clothes" 
under the influence of pattern indexes (eases equal to differences between the pattern sizes 
and body dimensions, configuration of counter lines, position of darts, etc.) are received. 
Informative areas of main kinds of clothes and the equations for their changing are defined. 
Figure 2 shown the theoretical frame of women jacket, for describe fitting clothes. In the 
table 1 the fragment of new classification connecting 2D pattern and fitting “body- clothes” is 
resulted [3]. The objective of this paper descript the new approaches for fashion dresses and 
interior design to generate convincing decorations by using the aesthetic nanoart values of 
nanotechnology for a wide range of geometric textures and to identify the aesthetic choices 
of each nanotechnology environment. The work will offer some innovative solutions for 
fashion design to re-arrange and organize the constituent parts of the aesthetic of items in 
the nanotechnology environment while corresponding with the dimensions of structural 
design by using a computer. 
 
2. EXPERIMENTAL WORK 
 
The science-technology, which includes various activities of nanoart, and the modern 
ecology is known as, including natural and human influences, so fashion design technical 
language of modern cultures is a planned process of basics and elements that seek to 
organize the aesthetic relationship. This in turn creates an innovative costume. Several 
interesting effects can already be obtained by extending mesh quilting synthesis to be 
applicable to curved surfaces in 3D requires further work. In this section, we describe how a 
seamless quilting can be obtained by using local surface parameterizations and, optionally, a 
guidance vector field, before embedding the resulting mesh into shell- Surfaces. 
 
2.1. Tools and Techniques 
 
Designs created by Adobe Photoshop CS5 program, through the integration of fashion and 
interior designs with selections Nanoart works in a single design using Photoshop layers, 
edit images, through the change of brightness or contrast, insert or remove other parts do 
not exist to the original file, add a special effects, by using some of Photoshop tools 
(Selection tools, Cropping, Moving, Marquee, Lasso, Magic Wand, Eraser and Retouching 
such as clone stamp tool) ,using some of Photoshop applications and Techniques (Art Layer, 
add a layer style, copy, paste into, opacity, fill, feather, free transform, extracting and filters). 
which significantly reduces product development costs and improves time-to-market through 
the creation of virtual garment samples. Using 3D simulation to test multiple print variations 
allows you to make important design decisions before a physical sample is produced thus 
saving both time and money.  Transform 2D patterns to 3D garments of Patterns with easy 
file sharing there is no need for data conversion. 
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2.1.1. Geometric Texture on Surfaces of Nanoart  
 
Setup the base mesh that we wish to enhance with added geometric details. The geometric 
nanoart texture mesh used as a swatch that we wish to seamlessly tile the base mesh with 
nanoimages, a parameter is also provided to allow the user to specify the relative size of the 
input nanoart texture with respect to the base surface to choose the scale of the geometric 
details. From nanoimages to curved the algorithm in several modifications to accommodate 
curved domains. The 2D grid we used in the nanoimages case is easily replaced by the base 
mesh itself. The quilting process will stop only when there are no more unprocessed 
triangles. Similar to the 2D case, we pick the most constrained un-synthesized triangle, i.e., 
the one with most triangles synthesized in the neighborhood. We define a local nanoimages 
surface patch by starting from the chosen triangle and growing the region using breadth-first 
traversal until we reach a certain depth or when the total area of the nanoimages exceeds a 
user-defined threshold. Additionally, the position of vertices should no longer be put in a 
global coordinate system they should, instead, be located with respect to the base 
nanoimages mesh itself , based on this parameterization, we can convert the local mesh-
based representation of the part of nanoimages inside this patch into an absolute 
representation as in the 2D case.  
 
3. RESULTS AND DISCUSSIONS  
 
With the tools we described, a number of 3D texturing tasks become not only feasible, but 
quite straightforward for the user. To demonstrate the versatility of our approach, we show 
results using  a number of different types of geometric details, and various input surfaces of 
arbitrary genus. Figure 5 demonstrates how weave-type textures can be applied to a curved 
object (note that in this example, the handle is treated separately because the original mesh 
was in two pieces); a packed-nut texture can also be applied to highly curved manifold to 
achieve quite a different visual effect. Various chain links and weave like textures can also 
be successfully applied to clothes or pieces of furniture. As a more complex example, a 
swatch providing a mesh representation of a section of ivy has been made to clinch onto a 
statue, through the use of guidance vector fields to allow for a natural look as demon, mesh 
quilting has similar limitations to traditional 2D texture synthesis algorithms. First, since mesh 
quilting on surface depends on local parameterization of surface patches, regions with very 
high curvature (as in high-genus, complex models) can be badly handled since the 
parametric distortion of small surface patches may be high. Another issue is that our 
algorithm cannot always achieve perfect matching if the swatch is untileable, even with major 
element deformation; in that case, the integrity of the geometry elements can sometimes not 
be established. When this happens, a post processing step is performed to remove those 
visually-displeasing elements, to achieve this aim, it has been necessary to make some 
relatively arbitrary choices about how certain parts of the software should work. This is 
particularly so in that part of the software that deals with creating patterns. In order to 
minimize the choices that had to be made, and to streamline the process, a couple of 
specific conventions have been built into the software: of the two stitch lines that make up 
the edges of a given panel, the stitch line with the lower number is deemed to be the left-
hand side of the panel. each stitch  type is deemed to run in a particular direction: horizontal 
stitch s run left-to-right, vertical stitch s run top-to-bottom , right diagonal stitch s run from top 
left to bottom right, left diagonal stitch s run from bottom left to top right, and geodesic stitch 
run in the direction in which they were created. Let us examine what these conventions 
actually mean, and what affect they have on the actual panel-creation process. Consider the 
tent portion below: Tent portion with stitch s defined on it, the dark lines represent the Stitch. 
When surface calculates the panels defined by this stitch is deemed to be the left-hand side 
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of the panel, and stitch the right-hand side. Next, it is necessary to find the start points of the 
stitch.  
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j  : The sequence of any warp yarn, loj  : The initial length of any one of the warp yarns., l j  : 
The length of any one of the warp yarns after deformation, and N/2 similarly, the second 
panel (between stitch s 2 and 3) has stitch  2 on the left-hand side, stitch three on the right-
hand side, and has the start points of the Stitch s at the bottom of the panel , And  the panel 
produced from the tent region between stitch 2 and 3. [2] 
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Where 

i

sT
 is the volume of tetrahedron 

i

sT
in the shell surface corresponding to the 

tetrahedron texture surface 
2L - stretch value can be further normalized multiplying is 

m

sm

k

tk
TT  /

 such that 1.0 is a lower  bound for the stretch value. Minimization 

Algorithm To minimize 
2L  (n,M), we start with the initial shell map and perform several 

optimization iterations to minimize this stretch measure. 
 
3.1. Selection of Nanoart motives 
 
A. Creation design according to the works of Pilar Ruiz-Azuara, was born in the Dominican 
Republic (1943). She has a Doctorate in Sciences (Physics) from UNAM (1979) and also 
studied Art at the UABC Art School and House of Culture in Ensenada (2001-2008). Oil 
painting and digital Art are her favorite media of expression. The relationships between 
human beings and their environment – physical, economical, social and/or political –and 
fractals are her most exciting themes. Her works have been exhibited in many countries, and 
online in Nanoart since. She considers a challenge to develop Nanoart works. This is a new 
area, very broad. In the future, she thinks that some divisions have to be created. It is difficult 
to compare the different types of artworks that one can produce with the nanoimages. In 
2011, the objective was to generate images with no restrictions. Form, color and texture from 
the 3 original seed nanoimages were explored. In some cases, additional fractal and 3D 
effects were included. In her work "Expansion", Mexico, 2011, fractals and 3D effects were 
introduced in order to create an expanding cubic world. [10] It is illustrated in figure 1.a, and 
our design is illustrated in figure 1.b. 



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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

15 
 

 

 

 

 

 
 
 
    
   
 
 
 
 
 
 
 
 
 
 
 

Figures 1.a and 1.b                Figures 2.a and 2.b 

 
B. Creation design according to the works of Jean Constant, USA, He was for several years 
the visual communication & media technology program at the Northern New Mexico College, 
and is now dedicating his time for mathematics and art and his own research. He is active 
participant in various science and art project and participates in many aspect of the 
promotion of the visual arts to bridge the relationship between science and art. In his work 
"004 -Neo-Necromicon" (The genesis of the Phoenix's rebirth), It is one of the most powerful 
aspect of nano iconography is the realization that it has been present in the artist's mind for 
ages and inspired difficult but powerful representation. Using mirroring, layering and 
duplication, we found in the original template material that brought to life an iconography that 
could have inspired Necromicon like graphic and other unsettling images perceived then 
under a different light - as today we benefit from objective knowledge coming from scientific 
observation. [7] It is illustrated in figure 2.a, and our design is illustrated in figure 2.b. 

 
C. Creation design according to the works of Daniela Caceta was born in 1977. Since 1992 
she has been working on computer generated artwork. Working also with a Field Emission 
Gun Scanning Electron Microscope FEG to monitor the formation and the morphology of 
several nanostructures. In his work "Birth of the World", is redrawing the images obtained by 
scanning electron microscopy at high resolution by Nanotechnology. The image was 
obtained in black and white and colored with an editor. [11] It is illustrated in figure 3.a, and 
our design is illustrated in figure 3.b. 
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D. Creation design according to the works of Karen Hochman Brown, USA, she received a 
BA in Art from Pitzer College. She did post-graduate work in Arts Education at California 
College of Arts and Crafts. Before finding a career as a graphic designer, she taught sewing, 
doll making workshops and geometry. She ran a children's book and gift store. While she 
maintains control of many aspects of the design, the computer programs she uses allow for 
randomness and discovery. Her recent works still maintain the structure of a six-pointed star. 
She creates the mandalas with a mindful eye to create order in our chaotic lives. [12] It is 
illustrated in figure 4.a "Are There Test Patterns in Space?", USA, 2011, and our design is 
illustrated in figure 4.b. 
 
E. Creation design according to the works of Karen Brown, for her works, she uses Adobe 
Photoshop, and ArtMatic by U&I Software to modular graphics synthesizer. The process 
starts with an image that she uses as a source for each session with ArtMatic where she 
selects modules that create a kaleidoscopic reflection on the image. These modules can 
have functions that employ polar space, fractal space, assorted modulations, reflections, 
waves, distortions, symmetry and more. On fiddling with the controls on each module, she 
identifies interesting images. She saves these “foundlings” for use in the final image. After 
collecting a number of foundlings, she opens up Photoshop and plays with them. With the 
exception of the background, she masks the foundlings to reveal specific shapes and 
patterns. Then she stacks these elements, sometimes scaling and/or rotating them. She 
uses many layer effects to augment the elements, her favorites being Drop Shadow and 
Bevel & Emboss. For the Nanoart images, she adds color using Color Overlay or Gradient 
Overlay layer effects. Finally, dots are added for emphasis, to draw attention to specific 
areas and to create a bit of whimsy. [13] It is illustrated in figure 5.a "A Flight of Flowers", 
USA, 2011, and our design is illustrated in figure 5.b. 
 
F. Creation design according to the works of Karen Brown,"Bug City", USA, 2011. [14] It is 
illustrated in figures 6&7.a, and our design is illustrated in figures 6&7.b. 
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Figures 3.a and 3.b                      Figures 4.a and 4.b 
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Figures 5.a and 5.b                                          Figures 6&7.a 6&7.b     

 
G. Creation design according to the works of the artist and scientist Cris Orfescu. He was 
born in Bucharest, Romania, lives and works in Los Angeles since 1991, many years of 
experimenting with different media and being involved in a variety of projects: Nanoart, digital 
art, murals, acrylic and oil painting, mixed media, faux painting, graphics, animation, web 
design, logo design, and a backdrop for a TV show.  Over 20 years of experimenting and 
perfecting a new art form, Nanoart, which reflects the transition from Science to Art through 
Technology. He creates Art from Science using Technology. His art is a reflection of the 
technological movement. He considers NanoArt to be a more appealing and effective way to 
communicate with the general public and to inform people about the new technologies of the 
21st Century raising the public awareness of Nanotechnology and its impact on our lives. 
[16] His images being attractive to the public from the esthetic point of view awaken the 
curiosity of audience. As a result, people ask questions and have open discussions around 
these new technologies. He brings the small world in front of audience by visualizing with a 
scanning electron microscope the nanolandscapes and nanosculptures he creates by 
chemical and physical processing. He captures the monochromatic scans in a computer, and 
digitally paints and manipulates these images combining the realism of the scientific imaging 
with abstract coloring. He prints the final artworks on canvas or fine art paper with archival 
inks specially formulated to last for a long period of time (giclée prints). The depth and three 
dimensions achieved in NanoArt sets this process of electron imaging apart from traditional 
Photography where images are created by photons (particles of light) rather than by 
electrons (electrically charged particles) as in NanoArt. The electrons penetrate deeper 
inside the structure creating images with more depth, more natural 3D-look than the 
photographic images. Due to the quality of images obtained by studying the nanostructures, 
most people perceive them as artistic objects. [8] In his work "Blue Lava", Los Angeles, CA, 
USA, 2007. The artist created a nanosculpture by casting a tiny drop of colloidal graphite on 
a metallic foil and visualized the structure with a Scanning Electron Microscope. The 
monochromatic scan has been painted and manipulated digitally and the final image was 
printed on canvas with long-lasting inks. [9] It is illustrated in figure 8.a, and our design is 
illustrated in figure 8.b. 
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H. Creation design according to the works of Cris Orfescu,"Spinning Rock", USA, 2007. The 
artist created a nanosculpture by hydrolyzing a tiny drop of a Titanium organometallic 
compound and coating the structure with Gold in order to be properly visualized with a 
Scanning Electron Microscope.The monochromatic scan has been painted and manipulated 
digitally and was printed on canvas. The depth and natural three dimensions achieved in 
NanoArt sets this process of electron imaging. [16] It is illustrated in figure 9.a, and our 
design is illustrated in figure 9.b. 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 

Figures 8.a and 8.b     Figures 9.a and 9.b 
 
K. Creation design according to the works of Cris Orfescu "Leopard in Motion", 2007, 
NanoArt – Nanosculpture by hydrolyzation of a tiny drop of a Titanium organometallic 
compound and by coating the structure with Gold in order to be best visualized with a 
Scanning Electron Microscope. The monochromatic scan has been captured in a computer, 
painted and manipulated digitally, and the final image was printed on canvas with archival 
inks to last for a long time. This artistic-scientific process the images are created by electrons 
with more depth and natural 3D look. [16] It is illustrated in figure 10.a, and our design is  
illustrated in figure 10.b. 
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Figures 10.a and 10.b 
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L. Creation design according to the works of Valerio Voliani, Nest Lab – Scuola Normale 
Superiore of Pisa and Center of Nanotechnology Innovation. His PhD project focuses on the 
synthesis and derivatisation of metallic biocompatible nanoparticles. More specifically, he is 
using the remarkable optical properties of these new nano-tools to develop novel in vivo 
intracellular probes to study biological processes at single molecule/single bioevent level. His 
work "City1",2011, Image of crystals of CTAB (micrometers) took by STEM and colored by 
GIMP (GNU Image Manipulation Program). [15] It is illustrated in figure 11.a, and our design 
is illustrated in figure 11.b. 
 

 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M. Creation design according to the works of Leonel Marques, PhD in Pharmacy 
(Nottingham University, UK) developing nanoarrays to be addressed by super-resolutions 
techniques. The production of modified nanoparticles incorporating photoswitchable dyes 
and polymeric films are placed together to create new nanosensors .He views most of his 
samples using Atomic Force Microscopy techniques, his second eyes to explore the 
nanoworld. His interest in designing and generating new nanodevices is his goal at the 
moment. Besides of his passion for Nanotechnology. In his work "The Battle", 2009, UK, A 
tapping-mode height atomic force microscopy image of silica and polystyrene nanoparticles 
spun-coated onto a silicon substrate is viewed. As the different nanoparticles displaced along 
the surface interact between each others the idea of giving swords to each nanoparticle was 
born, converting this nanospace into a battle field. The “nano swords” were added to the 
image using the paint software from windows. [7] It is illustrated in figure 12.a, and our 
design is illustrated in figure 12.b. 
 

N. Creation design according to the works of MatjuskaTeja Krasek, Slovenia, She holds a 
B.A. degree in painting from Arthouse - College for visual arts. Her theoretical as well as 
practical work is especially focused on symmetry as a linking concept between art and 
science, Krasek's artworks also illustrate certain properties as golden mean relations, 
selfsimilarity, ten- and fivefold symmetry, Fibonacci sequence, inward infinity and perceptual 
ambiguity. She employs contemporary computer technology as well as classical painting 
techniques. [7] In her artwork "Quasicrystal Blossoms", 2011, shows the image of the world's 
first and largest 3D icosahedral photonic quasicrystal (model) in the environment of real 
quasicrystals. She uses a combination of various computer tools where the original SEM 
image of the quasicrystals is only colorized and it shows the structure just the way it is. Five-
fold symmetrical blossoms correspond to the 5th edition of the NanoArt. It illustrated in figure 
13.a, and our design is illustrated in figure 13.b. [17] 

 

 

Figures 11.a and 11.b 

 

  

Figures 12.a and 12.b 
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O. Creation design according to the works of Cris Orfescu, his artwork "NanoSymmetry", 
2011, Nanolandscape: a mixture of graphite nano and microparticles was visualized with a 
scanning electron microscope. The image was captured in a computer, digitally painted and 
manipulated, and printed on canvas with archival inks. This way, the nanolandscape could 
be viewed by large audiences. [16] It is illustrated in figure 14.a, and our design is illustrated 
in figure 14.b. 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P. Creation design according to the works of Gilberto Sossella, He was born in Ferrara, Italy 
in 1952. He studied arts at Ferrara Art Institute 'Dosso Dossi', anatomical and surgery 
illustration at the superior school of anatomical drawing at the Bologna University, at the 
School of Art Institute in the paintings decoration section, His drawings are published in the ' 
Encyclopedia Medica Italiana' and in the Medical - Scientific Illustration. He was invited at the 
NanoArt21 show in San Sebastian (Spain) festival in September 2010. Usually he prefers 
abstract painting, seeing de Stael, de Kooning, Crippa, Dova, Riopelle, without forgetting the 
old master like Piero della Francesca, Botticelli and Mantegna. "Today a painter can work 
with oil, acrylic paint and in many other ways. Why don’t try to find the mirror of our soul by 
computer ,in a crystal inside a nanostucture?" such as his work "Fiore", Italy, 2011. [6] It is 
illustrated in figure 15.a, and our design is illustrated in figure 15.b. 

  

Figures 14.a and 14.b 
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Figures 13.a and 13.b 
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Figures 15.a and 15.b 
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3.2. Criteria and aesthetic values of Nanoart  
 
Benefit from objective knowledge coming from scientific observation, focusing on the 
aesthetic components of the Nanotechnology environment as a source of inspiration in visual 
art using techniques; which lead to diversity in forms, colours, and re-organized 
Nanotechnology elements. That seeks to organize the aesthetic relationship, so the ideas 
and meanings kick off. NanoArt is an artistic discipline at the art-science border; familiarize 
Audience with the omnipresence of the Nano world. It is more appealing and effective way to 
communicate with the new technologies. So the work of nanotechnology art reflects spirit of 
the age, where connects the artistic imagination between two visions: "organoleptic 
(scientific-technical) and spirituality" for formation of the idea. Thus the Appreciator, attracted 
to sentimental participation, is enjoying the symbolic meanings and aesthetic values and 
technology methods for the artwork. 
 
4. CONCLUSIONS 
 
In this paper we constructed the 3D of woven stretch cloth of a garment with basic concepts 
curves surface patches, established the relations between the garment styles and the 
parameters of 3D garment of woven stretch cloth. By setting up the knowledge base with 
object-oriented technology and illation mechanism, we accomplished the 3D garment 
intelligent design. As the process of fashion design is a creative thought process, and the 
garment is a kind of flexible objects, it is a hard work to express and digitize the knowledge 
of design. we presented the first mesh-based 3D texture synthesis algorithm on arbitrary 
manifolds. As such, there is no doubt that several refinements can be provided to further 
increase the possibilities offered by such a technique. 
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Abstract: The paper authors envisage the integration of advanced solutions of textile materials and 
electronic sensoring systems for the development of a new multi-functional electro-textile structure to 
be used in human medicine and healthcare, specifically in monitoring sleep movements of patients 
with neurodegenerative disease such as Alzheimer and Parkinson’s. In this context, the present 
research work aims the development of a new technological solution that allows not only to assess 
sleep quality, but also to establish a link between the nocturnal movements (body area, number of 
movements, direction, intensity) of demented patients and their polysomnographic recorded data. For 
this purpose, the authors developed an electroactive textile system, in order to acquire biomechanic 
information during the patients’ night rest. The collected data will be statistically processed to verify 
any relation between night movements and the stage of sleep, and also between body movements 
and the recordings from the electrodes placed on the legs (used in polisonography).  
Keywords: Smart Textiles, Electrotextiles, Sleep Quality, Biomechanics, Polysomnography, 
Alzheimer, Parkinson. 

 
 

1. INTRODUCTION 
 
Sleep literature review highlights its major importance to maintain a good physical and 
mental health. This is clearly visible in multiple studies conducted by numerous research 
teams around the world. As example we can cite: Carskadon, Acebo, Richardson, Tate & 
Seifer, 1997; Fallone, Acebo, Arnedt, Seifer & Carskadon, 2001; Ficca & Salzarulo, 2004; 
Fredriksen, Rhodes, Reddy & Way, 2004; Iglowstein, Oskar, Jenni & Remo, 2003, Millman, 
2005; 2006:  Peppard et all; 2007: Rajaratnam et al;  2008:  Phillip et all; 2009:  Wagner et 
all; 2010: Flagga et all; 2011: Peever  et all; etc..Table 1, show us the huge variety of sleep 
disorders and presents their most common classification in accordance with international 
parameters [1]. 
 
1.1. Public Health Context  
  
Neurodegenerative diseases, namely, Parkinson´s and dementia syndromes such as 
Alzheimer affect a large part of the population due a longevity increase in the past recent 
years. These diseases have no cure yet, therefore, it is important to emphasize the signals or 
symptoms that occur in the pre-clinic period which may lead us to an earlier diagnosis and to 
a premature therapeutic. Moreover, the monitoring of these signals or symptoms throughout 
the clinic evolution might be beneficial for the improvement of the quality of life of the patients 
and their caregivers and families.  
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Table 1. International Classification of sleep disorders 

DYSSOMNIAS 

INTRINSIC SLEEP 
DISORDER 

Psychophysiological Insomnia, Sleep Perception Disorder; 
Idiopathic Insomnia, Narcolepsy, Hypersomnia Recurrent 
Idiopathic and Post-Traumatic Insomnia; Central and 
Obstructive Apnea Syndrome, Central Alveolar Hypoventilation 
Syndrome, Sleep Periodic Movements, Restless Legs 
Syndrome; Intrinsic and nonspecific Sleep disorders. 

  
EXTRINSIC SLEEP 

DISORDERS 

Inadequate Sleep Hygiene, Altitude and Adjustment Insomnia; 
Insufficient Nocturne Sleep Syndrome, Disturbance of sleep 
initiation due to lack of usual associations; Food Allergy 
Insomnia; Food-Night Management Syndrome; Hypnotics 
Sleep Depend Syndrome, Stimulants, Alcohol and Drugs; 
Extrinsic Nonspecific sleep disorders 

 SLEEP DISORDERS 
RELATED WITH 

CIRCADIAN RHYTHM 

Jet Lag Syndrome, Shift Changing Syndrome, Irregular sleep-
awake cycle pattern; Advance/Delay Sleep Phase Syndrome; 

PARASOMNIAS 

AWAKENING DISORDERS 
Sleepwalking; Night Terrors; Confusion upon Awakening 
Disturbances 

SLEEP-WAKE 
TRANSITION DISORDERS 

Fall Asleep Myoclonus disturbances; Rhythmic Head 
Movements (Jactatio 

capilis); Sonoloquia; Night Cramps.  

PARASOMNIAS IN  
REM SLEEP 

Nightmares, sleep paralysis; REM behavior disorders, Painful 
Erections, REM sick sinus syndrome. 

OTHER 
PARASOMNIAS 

 Enuresis; Abnormal Sleep Swallowing; Paroxysmal Nocturne 
Dystonia; Other. 

ASSOCIATED WITH MEDICAL AND PSYCHIATRIC DISEASES 

ASSOCIATED WITH 
PSYCHIATRIC DISORDERS 

Affective Disorders, anxiety disorders, Psychoses, Panic 
Disorders, Alcoholism. 

ASSOCIATED WITH 
NEUROLOGICAL 

DISEASES 

Dementia, Parkinson Disease, Other Degenerative and 
Neuromuscular Diseases; Epilepsy Sleep Related, Headache 
Sleep Related 

ASSOCIATED WITH 
OTHER DISEASES 

Cardiac Arrhythmias; Nocturne Angor Pectoris, Chronic 
Obstructive Pulmonary Disease, Nocturne Asthma, 
Gastroesophageal Reflux, Peptic Ulcer, Others. 

 
Sleep disorders are a notorious presence among neurodegenerative diseases, they are 
multifactorial and include nocturia, depressive symptoms, motor disturbances and the usage 
of medication beyond the disease itself, originating organic alterations into serotoninergic, 
dopaminergics and cholinergic neurons in the cerebral trunk, contributing to alter the 
ascendant activation system [4, 5]. Furthermore, they can be predictors of the disease itself: 
sleep disturbances, including low amplitude, less robust rhythm, and delay in the peak of 
activity were factors detected by wrist actigraphy, which led to predict the development of 
minimum cognitive deficit or dementia in normal women and in a group of persons interned in 
elderly nursery homes [8]. On the other hand sleep quality control, in patients with 
neurodegenerative diseases, supported with quantitative data may represent a substantial 
improvement for assessing this parameter [6, 7], comparatively with the subjective survey 
methodology, unanimously recognized as unreliable, even in normal subjects [9].   



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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

25 
 

 

These kinds of diseases have a tremendous impact on motor skills (slow but continuous loss 
of mobility) and in the mind status (confusion, disorientation and total alienation) originating 
great dependence, and in the end, a total loss of autonomy. For these reasons it is very 
complicated to perform sleep studies in specialized laboratories or in hospital, due to their 
constant agitation and the presence of technical equipment which includes fixation elements, 
notably, the ones concerning to E.C.G. and actigraphy system.  
A significant improvement of this situation would be the chance of monitoring the sleep 
parameters of these patients in their own environment, without associating too much 
equipment or elements that might interfere physically with the patient, which is precisely that 
technological solution we wish to develop. 
 
1.2. Sleep Studies – Polysomnography  
 
Polysomnography is the medical term used to define a continuous recording process of 
various physiological functions during an extended time period. For a standard sleep study, 
we normally collect data from brain electrical activity, muscular electrical activity, heart 
electrical activity, electromuscular activity generated by the eye, thoracic-abdominal 
breathing movements, oral and nasal flow, blood oxygen saturation, and cardiac beats. 
FERRO (2005) [2, 3]. 
Nocturnal, laboratory-based polysomnography (hereinafter PSG) is the most commonly used 
test in the diagnosis of  sleep disorders, PSG consists of a simultaneous recording of 
multiple physiologic parameters related to sleep and wakefulness and this is performed with 
three different sets of devices: E.E.G (electroencephalography), E.O.G. (electrooculography) 
and E.M.G. (surface electromyography). For the E.E.G. two central channels and two 
occipital channels, with ear references as an adjunct to help identify sleep latency and 
arousals were used.  Two E.O.G. channels will be used to monitor both horizontal and 
vertical eye movements. Electrodes are placed on the right and left outer canthi, one above 
and one below the horizontal eye axis. Evaluation of the eye movements is necessary for two 
it reasons: the first one is for documentation of the onset of rapid eye movement (REM) 
sleep, and the second one is to note the presence of slow-rolling eye movements that usually 
accompany the onset of sleep. One EMG channel (usually chin or mentalis and/or 
submentalis) is used to record atonia during REM sleep or lack of atonia in patients with 
REM-related parasomnias. Another EMG recording (2 electrodes) will be obtained from the 
anterior tibialis muscle (right and left), since this is the normal pattern for assessing limb 
movements during sleep. Recordings will be performed with a portable polysomnographic 
device in the selected patients’ homes, in order to produce minimal derangements in their 
sleep. The recording system will be placed simultaneously with the bioelectrical device and 
both systems will record simultaneously. 
 
2.  MATERIALS AND METHODS 
 
2.1. Research Team 
 
The research team is comprised by two entities from the University of Beira Interior: The 
Engineering Faculty which dealt with the textile structure, electronic and telecommunication 
issues and the Faculty of Health Sciences who was responsible for the methodology and 
accompaniment of the pilot clinical trial, which took place in Sousa Martins Hospitals. Both 
teams have cooperated in the statistical analysis of the outcomes. 
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2.2. Experimental Setup  
 
This research work is the initial part of a broader and longer scientific project which aims to 
study the relationship between the anatomical position during sleep rest and some 
neurodegenerative diseases. In this primary stage we envisage the development of a new 
technological solution that allows not only to assess sleep quality, but also to establish a link 
between the nocturnal movements (body area, number of movements, direction, and 
intensity) of demented patients and their polysomnographic recorded data. For this purpose, 
the authors have developed an electroactive textile system, in order to acquire biomechanic 
information during the patients’ night rest. This kind of textile based biomedical device 
[10,11,12] is aimed primarily to the hospital segment and secondly, to home and geriartric 
markets for patient under ambulatory treatment.  
 
1ª PHASE – Production and optimization of the electroactive textile structure: The 
electroactive textile system consists in a textile composite structure, with the same length, 
thickness and shape of a normal mattress used in PSG tests (1,9m length, 0,9m width and 
10cm thickness). As seen on Fig.1, the mattress structure is composed by three layers. The 
textile material specifications were conceived in order to allow an easy industrial scalable 
product with reduced production costs. Among several tested technological solutions we 
chose to develop a composite structure constituted by three layers.  The first and third layers 
were built with polyurethane foam (5cm thickness each layer). The second layer - the 
sensing layer - was made with an100% polyacrylic fabric, in which electrical conductive yarns 
were embroidered in some specific places. The conductive yarns were produced by twisting 
an 100% acrylic yarn 2/30 Nm (2,3 dtex and 63mm length fibers) with an inox filament 
(1/47Nm) with a final count number of 1/11,37 Nm and 630v/m. In order to protect patients 
from contamination/nosocomial infections and to facilitate the disinfection operation, the 
mattress was covered with a polyurethane fabric and sealed with a zip. 
 

 
 

Figure 1. Detail of the electrotextile structure 
 
2ª PHASE – Integration of the electronic components: Seven sensors (tri-axial 
accelerometers ADXL345 from Analog Devices) were sewed in pre-determined areas, 
corresponding to the great anatomic zones of the human being:  neck and head zone, torso 
zone, hip zone, right arm zone, left arm zone, right leg zone and left leg zone. These areas 
are activated or deactivated on a personalized basis. Each sensor can autonomously 
indicate not only the movement intensity but also his direction. The selected used sensors 
are characterized by their light weight, flexibility, low energy consumption and low cost. This 
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movement sensors network is connected to the electrical grid and has low power 
consumption (9v) in order to allow autonomous and continuous operation. 
Directly connected to the accelerometers (through the embroidered conductive yarns) an 
electronic data Collection Module (hereinafter DCM) reads the sensors status continuously 
and individually. The gathered information is passed to a collection and processing module 
(hereinafter CPM) which allows data acquisition, processing and communication with the PC. 
The data transmission is performed in real time or through consultation or upon request by 
an operator/user.  
Simultaneously to the development of the of the electronic modules a software application 
has been built, guaranteeing the full management of the overall process and the storage of 
the collected data, allowing the generation of information that will be presented as interactive 
charts, resuming tables and graphs, for all or any particular body area.   

 

  
 

Figure 2. 
Illustration of the DCM 

 
Figure 3. 

Illustration of the CPM 

                             
3ª PHASE – Pilot clinical trial - In order to check if the electroactive structure has the same 
capabilities as the recording electrodes of the polisomnography (actigraphy) a pilot test was 
made. A preliminary medical protocol has been outlined and among the patients with the 
diagnosis of dementia followed in the neurological clinics of Hospital Sousa Martins, one has 
been selected and invited to participate. A standard PSG test was done and the normative 
data proceeding from the PSG collected. In parallel, the patient kinesiology during the test 
was also recorded by our prototype. The information provided by these two data series was 
subsequently compared.  
 
3. RESULTS 
 
The integration of the completely finished and validated electroactive textile system is 
depicted in figure 4. A fully equipped prototype has been assembled and deployed into 
hospital facilities to run the aforementioned clinical trial. A pilot test has been conducted as 
seen in figure 5. 
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Figure 4. Real scale prototype view 
(1,9mx0,9m) 

 

Figure 5. Detail of the pilot essay carried out in 
the hospital 

  
Observing thoroughly the patient´s hypnogram it is possible to confirm an evident correlation 
between the data from the actigraphy of the right leg and the data collected by the 
correspondent accelerometer of the electrotextile system for the entire exam. Considering a 
particular point in time, we can compare the information obtained by these two systems in a 
graphical way as depicted in figure 6.  
   

 
 

Figure 6. Detail of graphical data comparison between the two data series 
 

Besides checking any particular point in time, the developed control software allows us to 
compile the main statistical data collected by each accelerometer during the entire duration 
of the essay, and present it in a tabular of graphic format as depicted in figure 7 and 8.    
 

  
 

Figure 7. Statistical data of the pilot 
essay presented in tabular format 

 

Figure 8. Statistical data of the pilot 
essay presented in graphical format 
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4. CONCLUSION  
 
Based upon the preliminary results we may consider that the idea beyond this research work 
has proved to be able to be applied as a biomedical device for the local/remote monitoring of 
patients with neurodegenerative diseases. Consequently, through its continued usage, we 
might expect a strong reduction of costs for the national health care system, considering the 
avoidance of many expensive polysomnographic exams, the institutionalization of patients (in 
a hostile environment for them) and the diminishing of materials consumption and needed 
human resources. It is also very important to underline that patient’s comfort will highly 
improve for they will not need, so frequently, to leave their homes and their “safe world” to go 
out for exams. The system also provides a tighter and personnel control of the patient by his 
doctor due to the web application software, that permits data access from anywhere at any 
time in an electronic device linked to the internet.      
Our prototype, being described as an electronic “mattress” is extremely comfortable and the 
patient may even be unaware of it. For patients with cognitive deficits this is certainly an 
important feature. The simplicity of the device is non invasiveness and facility of use 
combined with the small cost of each unit and the specific population it is aimed at (currently 
consuming a large amount of resources in the SNS) gives our prototype a real value for 
money in Health evaluation and prevention. 
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Abstract: The electrical characterization of textile materials is becoming a key engineering task since 
the introduction of conductive fibres and the corresponding evolution of the textile electronic circuits. 
Not only conductors/resistors, but also inductors and capacitors can be constructed using a 
combination of conductive fibres and conventional non-conductive fibres in an appropriately designed 
fabric structure. This way all the fundamental constituents of a passive electronic circuit can be part of 
the fabric itself and thereupon a vast variety of different electronic circuits can be integrated into textile 
fabrics. Of key importance towards this direction is the accurate modelling of the textile electrical 
components. Based on accurate models the textile electronic circuits could be easily designed and 
simulated before their implementation. However, for the accurate modelling of textile circuit elements, 
the accurate electrical characterization is pre-required. In this work we focus on the investigation of 
different methods for the electrical characterization of textiles. Two different measurement methods 
are proposed depending on the electrical component characteristics. Both of them are based on the 
same fabric interface apparatus combined with standard electronic instruments of different working 
bandwidths. 
Keywords: Conductive Fabrics, Wearable Electronics, Textile Impedance, Textile Resistors, Textile 
Inductors, Textile Capacitors. 

 
 
1. INTRODUCTION 
 
Contemporary textile fibres in their extended majority are made of polymers, natural or man-
made. The polymers are in general isolators because of their chemical structure. The 
dominating covalent bonds are the reason of the lack of free electrons which are the carriers 
of the electrical current in a conductor. Without free electrons in their structure the polymers 
behave as almost the ideal isolators. Typical values of the electrical conductivity (specific 
conductivity) for the polymers are: 10-12 (Ωm)-1 for Nylon up to 10-17 (Ωm)-1 for Polyethylene. 
Many methods have been examined and used for the increase of the electrical conductivity 
of the textile materials. All of them have their pros and cons. The selection of the most 
suitable method depends on the specific requirements and the availability of the auxiliary 
materials used. 
The known and often used methods for the development and the increase of the electrical 
conductivity are based on the use of [1,2]: 

 conductive particles (carbon, metal, CNT etc.) in the polymer mass before the spinning of 
the fibres, 

 metallic wires, tapes etc. between the fibres of the yarns, as well as use of stainless steel 
staple fibres spun in the traditional way, 

 conductive paste applied with laminating techniques on the surface of the fabrics, 

 metallization of the surface of the fibres with chemical and galvanic techniques. 
Although the polymers themselves in general are isolators, there are some chemical groups 
which show a typical conductivity often in the range of the semiconductors' conductivity. They 
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are the intrinsically conductive polymers, like the polyaniline, polypyrrole etc. In some 
extreme cases (e.g., doped polyacetylene with iodine) the conductivity can reach values 
between the conductivity of copper and the liquid mercury. This class of conductivity 
corresponds to the typical metal conductivity, however these conductive polymers suffer from 
the reduced mechanical properties and their use in the textile area is limited. 
Initially, the electrically conductive yarns, and the corresponding conductive textiles, became 
a target for the research and development organizations because they could be used for very 
important applications as the electrical heating of the garments and consequently of the 
human body (use of the Joule effect) and the electromagnetic protection and shielding (use 
of the Faraday principle). In parallel to these basic application fields the use of the conductive 
yarns for the manufacturing of antistatic uniforms, antistatic upholstery for cars, etc., but also 
for more demanding applications like wearable electronics is of increasing interest [2]. 
The electronic circuits are integrated in the textile structures using either conductive yarns 
appropriately integrated in the nonconductive textile structure or conductive materials that 
are ironed-on or screen-printed on the nonconductive textile. Actually, as analogous to the 
conventional printed circuit boards (PCBs) in classic electronics, a number of different 
approaches have been proposed to incorporate electric circuits into fabrics, for the 
production of the so-called “fabric circuits”. Among them one can mention the following: 

 embroidering conductive yarns onto fabric [3, 4], 

 weaving patterns with conductive and nonconductive yarns [5-7], 

 ironing-on or screen-printing conductors onto fabric [7-10],  

 laser-cutting conductive fabrics [8, 7], or  

 knitting fabrics with conductive and nonconductive yarns [11-13]. 
In this article we focus, beyond fabric circuits, on the use of conductive yarns for the design 
of complete passive textile electronic circuits. Not only conductors/resistors, but also 
inductors and capacitors can be constructed using a combination of conductive fibres and 
conventional non-conductive fibres in an appropriately designed fabric structure. This way all 
the fundamental constituents of a passive electronic circuit can be part of the fabric itself and 
thereupon a vast variety of different electronic circuits can be integrated into textile fabrics. 
Of key importance towards this direction is the accurate modelling of the textile electrical 
components. Based on accurate models the textile electronic circuits could be easily 
designed and simulated before their implementation. However, for the accurate modelling of 
textile circuit elements, the accurate electrical characterization is pre-required. In this work 
we present a study on different methods for the electrical characterization of textiles. Two 
different measurement methods are proposed depending on the electrical component 
characteristics. Both of them are based on the same fabric interface apparatus combined 
with standard electronic instruments of different working bandwidths. 

 
2. LCR MEASUREMENTS 

 
Electrical components (resistors, capacitors, inductors) are usually characterized by a special 
category of instruments called “LCR meters”. These are mainly low frequency measurements 
instruments where alternating current (AC) sinus test signals, usually at 100Hz, 1kHz, 10kHz, 
or more discrete frequencies, are used along with specific direct current (DC) bias voltages in 
order to trigger the component under characterization; the latter is usually referred to as 
“device under test”, (DUT). The test signal (AC) applied may affect the measurement result 
for some components. For example, ceramic capacitors depend on the test signal voltage 
according to the dielectric constant (K) of the material used, while cored-inductors depend on 
the test signal current due to the electromagnetic hysteresis of the core material. Moreover, 
the capacitance of high-K dielectric ceramic capacitors vary depending on the DC bias 
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voltage applied, while in the case of cored-inductors, the inductance varies according to the 
DC bias current flowing through the coil, due to the magnetic flux saturation characteristics of 
the core material. 
Different measurement methods have been proposed and successfully implemented for the 
electrical component characterization with LCR meters each one of them having its 
advantages and disadvantages (cf. Ref. [14] for a more detailed presentation). However, the 
most common, and cost-effective, methods are the different kinds of bridges, whose principle 
of operation is described in Figure 1. As soon as the bridge is balanced (the galvanometer at 
the center indicates zero current), then the unknown impedance ZX can be determined. 
 

AC

Z1

Z2 Z3

ZX

1
X 3

2

Z
Z = Z

Z

 
 

Figure 1. Principle of operation of bridge-based LCR meters. 
 
Several disadvantages, like the limited frequency range that can be covered by a single 
instrument, the use of discrete test frequencies, the limited range for automatic balance 
options, and the limited impedance modelling options led to more sophisticated electrical 
characterization methods for the accurate measurement of passive electrical/electronic 
components. In the following section two impedance analysis methods are presented. 
 
3. IMPEDANCE ANALYSIS METHODS 
 
The instrumentation field of impedance analysis, covered by the instruments called 
“impedance analyzers”, refers to the complete electrical characterization of unknown 
impedances vs. frequency, but often also vs. influencing parameters like the AC test signal 
level or the DC bias. 
Impedance ( Z ) is defined as the total opposition of a device or circuit to the flow of the AC 
current at a given frequency. Since impedance is generally a complex quantity, we often 
represent impedance as a vector in the resistance–reactance, R X , complex numbers 
plane, where the resistance axis is real, while the reactance axis is imaginary, as shown in 
Figure 2.a. In general, an impedance is fully described if both its real (resistive) and 

imaginary (reactive) part, or equivalently if its magnitude, Z , and phase angle, θ , are known 

for all frequencies. 
What is usually done after the measurement of the impedance is the curve fitting of the 
impedance magnitude by specific, pre-defined, functions that correspond to circuit models 
employing three or four ideal resistive / reactive circuit elements, as opposed to the usual 
practice of the two-element models followed by the LCR meters. Figure 3 shows some of the 
most popular equivalent circuits used to model real-world capacitors and inductors. 
Therefore, the key step of this electrical characterization procedure is the reliable 
measurement of the impedance of the DUT, which in our case is a “FUT” (Fabric Under 
Test). 
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Figure 2. (a) Cartesian and polar impedance representations. (b) Ideal capacitor and inductor 

impedance magnitude for different frequencies. For example, a capacitor of 1nF (red thick 
line) presents different impedance magnitudes for different frequencies (indicated by the 

dotted left arrows). The key frequencies for the investigated methods (20kHz and 120MHz) 
are noted by the vertical coloured lines (cf. Sec. 3.1 and 3.2 for more information). 

 
3.1. Impulse response based measurements 
 

It is difficult for the conductive terminals of the textile electronic circuits to have good 
electrical contact to the electrodes of the traditional testing equipment, preventing thus the 
reliable electrical characterization. Taking this constraint into account, a special testing bed 
has been developed for the reliable measurement through the application of pressure; 
appropriate pressure contact adaptors have to be used dependent on the type and size of 
the conductive textile terminals. Thus, the impulse response based impedance measurement 
is performed on a specially developed instrument comprised of an appropriate clamping 
device, a voltage divider circuit with selectable reference ohmic resistor, an appropriate 
signal generation and acquisition device, a power amplifier and a personal computer (pc). 
The block diagram of the test setup is depicted in Figure 4. 

The impedance of the fabric under test (FUT),  FUTZ , is calculated by solving the voltage 

divider formed by the selected reference resistor and the fabric as: 
 

 
 

 1








FUT ref

H
Z R

H
,     (1) 

 

where refR  is the ohmic resistance of the selected reference resistor, and  H  is the 

transfer function characterizing the voltage divider: 
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Figure 3. Real world capacitor and inductor models used for electrical characterization 
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Figure 4. Test setup for the impulse response based electrical characterization method. 
 
This is computed by calculating the Fourier Transform of its measured impulse response 

 h t , i.e.,     H F h t . The impulse response is measured using an MLS-based 

measurement. The MLS-based impulse response measurement is based on the Maximum-
Length Sequence (MLS) signal which was introduced by D. Rife and J. Vanderkooy, [15]. 

An MLS, denoted here by   , 1,2,...,x n n N , is a periodic pseudo-random binary sequence 

that takes on the values  1, 1  . It can easily be generated by a shift register with feedback. 
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It possesses a crest factor (peak/RMS) of one (the lowest possible) and an RMS value of 
one, too. An MLS input signal, introduced to a linear system, can be used equally well for 
producing and measuring actual system output and for simulating it. As the MLS signal 
energy content is high, the MLS-based measurements provide very high signal-to-noise 
(SNR) ratios, and, hence, the MLS immunity to (broadband) noise is high. Despite the time 
domain similarity to white noise, the MLS stimulus is non-random and exactly repeatable. 
Of great practical interest is the “deconvolution” property of the MLS: the required system’s 
impulse response directly results after a cross-correlation operation between the excitation 
(input MLS signal) and the response (output) of the system under test. It is well known that 

the cross-correlation between the input  x t  and the output  y t  of a linear system is equal 

to the auto-correlation of the input convolved with the impulse response  h t . This is because 

the output results from (3), while (4) is valid due to the permutation property of convolution. 
 

         
1

0





    
N

k

y t x t h t x k h t k      (3) 

 

                   ,       xy xxR x t y t x t y t x t x t h t h t R x t     (4) 

 

When  x t  is the MLS, then     xxR x t t  and the right-hand side of (4) is just the pursuit 

 h t . Cross-correlation is denoted by xyR , while auto-correlation is denoted by xxR , and the 

symbol   denotes convolution in the time domain. 
This method provides a low cost alternative to impedance measurements. However, there 
are two restrictions concerning its reliable applicability if low cost is to be retained. Since 
most commercially available computer-based instruments that permit the application of this 
method are originally designed for audio measurements, the maximum possible working 
frequency is restricted to ~20kHz (blue vertical line in Figure 2.b), while the maximum 
possible reference resistance is ~1MΩ (green horizontal line in Figure 2.b). Therefore, using 
the ideal capacitor and inductor impedance magnitude diagram of Figure 2.b for the 20kHz 
frequency, denoted by the vertical blue line, we conclude that capacitors lower than 100pF 
and inductors lower than 100nH cannot be reliably measured by this method. 
 
3.2. Auto balancing bridge based (accurate V-I) measurements 
 

The auto balancing bridge method is widely employed in commercially available impedance 
analysers. We propose here its application for the electrical characterization of textiles, as an 
alternative measurement method, by employing the same fabric interface apparatus that was 
proposed in the case of the impulse response based method (Sec. 3.1), as illustrated in 
Figure 5. 
The specific method is actually based on the accurate measurement of voltage and current 

(accurate V-I). The impedance of the fabric under test,  FUTZ , is calculated by measuring 

the voltage across the fabric  FUTV  and the current passing through it  FUTI . The current 

is measured through an op-amp current to voltage converter, or a more sophisticated circuit, 

that measures a current     r FUTI I  passing through a sensing resistor, often referred to 

as “range resistor” rR . Then, the unknown impedance  FUTZ  can be calculated as 
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where     r r rV I R  is the voltage output of the current to voltage converter. 
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Figure 5. Test setup for the auto balancing bridge based electrical characterization method. 
 
The specific impedance measurement method offers a reliable solution in the frequency 
range 20Hz-120MHz. Using the ideal capacitor and inductor impedance magnitude diagram 
of Figure 2.b for the 120MHz frequency, denoted by the vertical brown line, we conclude that 
this method permits the reliable measurement of capacitors with values even lower than 1pF 
and inductors with values even lower than 1pH. However, it is a quite expensive solution; it is 
more than 30 times more expensive than the impulse response solution presented in Sec. 
3.1. 
 
4. CONCLUSSIONS 
 
Two methods, sharing the same fabric interface apparatus, have been proposed for the 
electrical characterization of Textile Electronic Circuits. The impulse response method offers 
a low-cost solution, however the working frequencies are restricted to ~20kHz leading to 
lowest possible reliably characterized reactive component values of 100pF and 100nH. The 
auto-balancing bridge (accurate V-I) method offers a reliable solution in the frequency range 
20Hz-120MHz permitting the reliable measurement of reactive components with values even 
lower than 1pF and 1pH; however it is a quite expensive solution (~X30 times higher cost). 
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Abstract: Research and technology development on textile antennas has rapidly emerged during the 
last decade, due to their numerous applications in health and safety sectors in combination with smart 
textiles technologies. Having already demonstrated that it is feasible to fully integrate electronic 
components in textiles, researchers are recently focusing on deploying antenna systems that are 
either fully made of textiles or embedded in clothing. Wearable antennas exhibit multiple beneficial 
characteristics, such as light weight and low profile, increased degrees of freedom from a designer’s 
point of view, as well as their ability to conform to the body's surface. On the other hand, due to the 
inherent impairments of antenna operability when integrated into clothing (i.e. bending and crumbling 
due to the user’s mobility), the field of textile antennas is active and promising for researchers 
worldwide. Currently, there are very few reports in the literature dealing with the realistic operating 
conditions of textile antennas. We report the intention to design and develop a spiral antenna 
prototype for overcoming most of these issues. Spiral antennas are ultra-wideband antennas and the 
proposed concept consists in employing such an antenna in order to retain functionality at least at 
specific parts of the antenna’s bandwidth. Herein, a brief literature review of textile and spiral antennas 
is presented and followed by initial simulation results of such a spiral antenna design. 
Keywords: Conductive Fabrics, Wearable Electronics, Textile Impedance, Textile Resistors, Textile 
Inductors, Textile Capacitors. 

 
 

1. INTRODUCTION 
 
Advances in conductive textile materials and wearable electronics have been of great 
interest during the last decades, mainly due to their applications in the fields of human safety, 
health monitoring and security sector. Smart textiles may be used as a platform carrying 
smart sensory and actuator systems, mainly for developing applications that interact with the 
user’s body. A wearable sensory and communications system will ideally comprise several 
components, like sensors, actuators, processing units, energy supplies, and a 
communication system. Most of these units are related to low-frequency activities, like body 
sensing, local data processing etc. [1-2]. 
On the other hand, wireless transmission and communication of data involves high-frequency 
signal generation and processing that needs specialized textile functionality. Other 
applications, like electromagnetic shielding, have been successfully applied for the protection 
of human health from hazardous electromagnetic radiation [3]. High frequency 
characterization of textile materials is a demanding task since in such frequencies the 
electormagnetic properties of textiles become extremely sensitive to their geometry, 
dimensions, conductivity, symmetry and dielectric characteristics [4-5].  
In this context, there has been lately an intense research effort regarding the design and 
development of textile antennas and integrated textile elecrtonic systems within the 
Department of Electronics, TEI of Piraeus, Greece. Textile antennas are a key component in 
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wearable electronics evolution since they do carry out the entire process of wireless signal 
transmission and reception.  
Electrotextile wearable antennas have been proposed for various applications in the 
literature [6-7]. However, the development of textile antennas still remains a pioneering work 
due to the underlying nature of electromagnetic propagation phenomena and the related 
difficulties in both theoretical and practical aspects of textile antenna development 
processes. the inherent anomalies and discontinuities on textile substrate and textile 
conductors pose severe restrictions on the specifications and performance of textile 
antennas. Given that regular clothing use also involves bending, crumbling and other 
unforeseen anomalies on the shape of the antenna, it becomes evident that textile antennas 
developers need to overcome a demanding amount of limitations and restrictions. The 
respective research field is very active and ongoing research includes new materials and 
techniques for robustness, durability and credibility of designs. 
Since bending and crumbling seriously affects the functionality of textile antennas, it is 
straightforward to investigate the possibilities of using ultra wideband antenna designs for 
incorporation into textiles. The concept is that with an extremely high frequency bandwidth, 
the antenna will remain functional even under bending and crumbling conditions. Herein, we 
propose a planar spiral antenna design for overcoming most of these difficulties and present 
initial results of a preliminary spiral antenna design simulation.  
 

2. TEXTILE ANTENNAS IN THE LITERATURE [1] 
 
Textile antennas is a very recent and novel research and applications field. To the best of our 
knowledge wearable antennas partially based on textiles were firstly presented by Salonen et 
al. [8]. Salonen et al. investigated the radiation characteristics of the antenna while in 
consequent publications the same research group extended its studies in dual-band 
antennas as well as operation under bending etc. Similarly, wearable antennas using both 
metallic and textile parts have been investigated by Klemm and Troester, Santas et al. and 
Nurul et al. in independent works [9-11]. Wearable antennas made from textile components 
only (purely textile antennas) have been also proposed. Hertleer et al. [12] and Vallozzi et al. 
[13] reported purely textile antennas operating at 2.4GHz. Other works include a parametric 
study of textile antenna performance vs. distance from human body by Alomainy et al. [14], 
dual-band antennas reported by Zhu and Langley [15], as well as studies of the effect of 
bending and crumbling by Bai and Langley [16]. Kennedy et al. presented a textile antenna 
array for body - centric applications. Results have shown to have robust performance with 
moderate amounts of bending, similar to that which might be seen with body-worn arrays 
[17]. 
Sankaralingam and Gupta developed a rectangular patch for deployment on different cotton 
substrates, while comparing rectangular and circular shapes [18]. It is interesting to point out 
the advantages of rectangular wearable antenna compared to a circular antenna of same 
design, which might be the reason for the popularity of the former vs. the latter: (i) the 
bandwidth of a rectangular wearable antenna is marginally higher due to its larger physical 
area. (ii) Higher order modes are separated far apart in the case of rectangular patch 
antenna whereas the circular patch needs a shorting pin at its center to suppress higher 
order modes. (iii) Design of a rectangular patch is easy and its electromagnetic simulation 
takes less time. (iv) Analysis of slots on rectangular patch antenna is easier compared to that 
on circular patch antenna.  
Finally, Hao et al. presented the analysis of antenna diversity for on-body communication 
systems, at 2.45 GHz and 5.8 GHz [19], while Osman and Rahim investigated the relative 
permittivity on different textile materials for the application of a microstrip antenna [20] and 
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Osman et al. developed an Ultra-wideband (UWB) antenna using Jeans fabric as a substrate 
while the radiating element and ground plane are made from copper tape [21].  
Besides a growing number of textile antenna examples, specific applications of such 
antennas have also been reported. Coosemans et al. manufactured and tested a prototype 
baby monitor suit, in which they integrated a textile antenna and a sensor for 
electrocardiogram monitoring (ECG) in order to observe the symptoms of children with an 
increased risk of Sudden Infant Death Syndrome (SIDS). The ECG signals measured with 
textile electrodes displayed lower frequent base line drift, and a lower signal-to-noise ratio 
than conventional gel electrodes. The signal quality on textile electrodes was adequate for an 
accurate beat to beat detection of the infant's heart rate [22]. Catrysse et al. manufactured a 
textile belt in order to monitor the electrocardiogram and respiration rate on children [23]. The 
belt consisted of a textile sensor for the monitoring, a textile antenna for the data 
transmission, a PIC microcontroler for the data handling and a EEP-ROM memory module 
for storage knitted on the surface of the wearable belt. Wearable electronics surpasses the 
skin irritation and skin dermatitis reported by the use of conventional electronics for 
monitoring. The advantage of the textrodes (textile electrodes) is their non irritating character 
in contrast to the gel electrodes and their possibility of integration on a shirt or a suit. Several 
similar health-oriented application systems are also available in the literature. 
 

3. SPIRAL ANTENNAS IN THE LITERATURE  
 
Spiral antennas are a well-known genre of antennas that exhibit frequency-independent 
radiation characteristics. Due to their particular spiral design with extending arms of 
increasing width they provide efficient matching of incoming signals over a large frequency 
range and also provide an efficient means of coupling with the environment and, hence, 
radiation. The fractional bandwidth of a spiral antenna may be as large as 30:1 and has a 
radiation pattern with a maximum at a direction perpendicular to the plane of the antenna. 
Due to the efficient coverage of a very large bandwidth, as well as their circular polarization, 
spiral antennas may be used in sensing applications despite their relatively lower achieved 
radiation gain.  
Depending on the shape of a spiral antenna’s extending arms, the former may be defined as 
a linear, Archimedean or logarithmic spiral antenna. Herein, we are specifically interested in 
logarithmic spiral antennas but intend to further investigate other antenna layouts as well. In 
such an antenna the radius of each arm grows exponentially with its angle, i.e. it is calculated 
by  

0

aR R e 
,                                                              (1) 

where R  and   are the radius and angle of the antenna’s arm, 0R
 is the initial antenna’s 

radius and the parameter a  controls the rate at which the spiral grows as it turns.  
Depending on the antenna’s parameters selection, it is possible to design an antenna with 
extremely large bandwidth and convenient radiation characteristics. There is a large amount 
of relative work in the literature, and we briefly present herein a small fraction of it.  
In [24], a 1.2 to 40 GHz spiral antenna with impedance matching is presented. The antenna 
is placed inside a conductive cover (cavity) and used together with an impedance 
transformer for feeding with a coaxial cable. In [25] the wideband modes of multiarmed spiral 
antennas are studied in order to develop nulling patterns over a large bandwidth. The study 
showed that a maximum of 2N nulls may be implemented, N being the number of arms of the 
antenna. The authors also studied a delay-line compensation technique for mitigating 
frequency-dependent null steering. In [26], an unbalanced cavity-backed spiral antenna is 
presented; the contribution of the paper mainly lies in the fact that a very small form factor 
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cavity is designed and used. In [27] the technique of Maxwellian circuits is employed in 
developing equivalent circuit models for spiral antennas. The authors used full wave 
solutions to establish the technique and respective circuit models, and then used them for 
the fast and accurate design of spiral antennas. In [28] a metamaterial-based spiral antenna 
design is presented. The main advantage of the proposed antenna is that is radiates at both 
right- and left-handed circular polarization over the same direction and verified by numerical 
and experimental results. In [29] a slot-spiral antenna is presented for thin conformal 
implementations that are appropriate for integrating into space and aircraft vessels. In [30], 
spiral antennas are investigated with respect to their ability of implementing MIMO systems 
and compared to simple dipole antennas. In [31] a frequency-selective surface (FSS) is 
placed in a spiral antenna as its grounding plane in order to achieve dual-band operation. In 
[32] a reconfigurable spiral antenna design is investigated. The authors examined a large 
spiral antenna design that can be reconfigured to an array of smaller spiral antennas offering 
increase gain and directivity. Finally, in the pioneering report of [33], a slow-wave based 
technique is presented in order to predict the radiation patterns of spiral antennas. 
In the following Section a logarithmic spiral antenna design with favourable characteristics is 
presented.  
 

4. SPIRAL ANTENNA DESIGN FOR TEXTILE DEVELOPMENT 
 

Figure 1 presents a typical logarithmic spiral antenna. The main arm of the antenna has been 
designed using the parametric 

equations ( , ) cos( )uvX u v re u , 

( , ) sin( )uvY u v re u with  max0,u  and 

 ,v a a da  , where r is the initial spiral 

radius, a and a+da are the inner and the 

outer radius increase factors and max is 
related to the total spiral turns. The second 
arm of the structure is an identical copy of the 
first one rotated by 180 degrees. Setting the 
design parameters a = 0.22, da = 0.02, 

max = 8.68 and r = 2.05 we get a planar 
structure with dimension that do not exceed a 
24 cm by 28 cm plane, which is compatible 
for an application such as a wearable 
antenna. In case that it is preferable to 
decrease the size of the spiral a little more, it 
is possible to truncate or tapper the ends of 
the spiral arms without strongly affecting the 
performance of the antenna. Furthermore, for 
specific applications it may be desirable that 
a back grounding plane protects the wearer 
from radiated fields, but for our purposes 
herein neither a grounding plane nor a 
dielectric substrate were used. 
The radiation properties of this antenna have been studied using the full-wave 
electromagnetic simulation software CST Microwave Studio. Figure 2 presents the reflection 
coefficient of the antenna with respect to the radiating frequency; for this figure a source 

 

Figure 1. Logarithmic spiral antenna with 

design parameters a=0.22, da=0.02, 

max=8.68 and r=2.05 
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impedance equal to 1000 Ohms has been considered. In practical applications there must be 
designed and implemented a broadband transforming network that will match the actual 
source impedance used to the input impedance reported herein. The broadband properties 
of the antenna under study are evident. Simulation results show that the real part of the 
antenna’s input impedance lies within [836, 1177] Ohms for the entire frequency range; this 
means that a realistic broadband matching network is feasible. The antenna’s bandwidth is 
approximatelly 700 MHz, ranging from 470 MHz to 1200 MHz with a reflection coefficient 
lower than -10 dB.  
 

 
 

Figure 2. Reflection coefficient S11 (Return Loss) in dB with respect to the frequency 

 

 
 

Figure 3. Radiation pattern of the spiral antenna for frequency 2.32 GHz 
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For this frequency range, a maximum gain of approximately 4.4 dBi is obtained. Figure 3 
depicts a typical radiation pattern of the proposed antenna for a frequency of 1000 MHz, with 
a gain of 4 dBi approximately. 
From the aforementioned figures and the respective discussion, it follows that the proposed 
antenna exhibits ultra-wideband behavior, which was our initial purpose, with an adequate 
gain and matching over a range of 700 MHz.  
 

5. CONCLUSIONS 
 
In this paper a literature review of textile antennas is presented that demonstrates the 
advantages and challenges of such kind of antennas. In order to overcome most of the 
limitations of the operating environment of textile antennas a spiral design approach is 
proposed. A literature review of spiral antennas is followed by the design of a new spiral 
antenna that we intend to further investigate in the future with respect to its ability to maintain 
its radiation characteristics under bending and crumbling conditions. Furthermore, future 
work also includes the implementation and experimental evaluation of such a textile antenna.  
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Abstract: The author is the Winner of the ENLIVEN Fashion Project 2013. The paper presents the 
main creativity ideas and the work of the author about the participation in the project, which is 
dedicated to the up-cycled fashion. The increased worldwide awareness of environmental 
responsibility has led to a major increase in up-cycling and sustainability. The global fashion industry 
generates over a trillion dollars a year. So what we wear and how it is made and sold can have a huge 
positive impact on our society and environment. By learning from our past and focusing on what is 
best for future generations, everyone can be successful at up-cycling and sustainability. 
Keywords: Up-cycled Fashion, Sustainability, ENLIVEN Fashion Project, Designers, Celebrities. 

 
 
1. INTRODUCTION  
 
When thinking about buying a new piece of clothing or throwing one away, the first thing that 
comes to my mind is to check what I have already in my wardrobe that can be re-used to 
meet my new fashion needs. I love to re-use or up-cycle old clothes and household items. 
This way I have less impact on the environment, as a result my carbon foot print is reduced. I 
believe that a piece of clothing could have several useful purposes, we just have to empower 
our creativity to find them and bring them to light. As an Eco-friendly designer I believe that 
the future of fashion is sustainability. 
 
2. EXPOSE 
 
When up-cycling clothes it is helpful if you have a sewing machine but really the only limit is 
your creativity and imagination. Investing time, skill and creativity can completely transform 
an unwanted or damaged garment into your new favourite piece of clothing. From small 
alterations and garment customization to the creation of an entirely new up-cycled garment, 
changes can be made that will increase longevity and appeal. Examples of up-cycling 
include turning a jumper that has shrunk in the washing machine into a new handbag; cutting 
and sewing T-shirts into new hats, scarves, ties or bags; transforming old fabric and leather 
into mobile phone or tablet covers; sewing lots of old ties together to make a mini-skirt; 
refreshing old dresses into something newer and fashionable. 
There are plenty of advantages to up-cycling. It is a fun, cheap and free way to make 
yourselves something truly unique. It helps you to learn new skills, it is safe for the 
environment and saves you money! This is a more conscious way of creating fashion - and 
the fashion industry does not have a very good reputation for sustainability with regard to the 
materials used in production. Up-cycling is not only good for the planet but also helps solve 
the age-old fear of running into someone else wearing the same dress as you. The ‘Green 
Designers’ as they are called take damaged or out of season pieces that may otherwise be 
heading for the dump and fix them or redesign them to be used again, with "added value." 
Collaborating with others to organize or be involved in different projects and events is a great 
opportunity to communicate the benefits of garment up-cycling to a wider audience. This also 

http://www.geminabox.artweb.com/
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provides the opportunity to engage more people with the debates surrounding unsustainable 
practices within the fashion industry. To work with others passionate about the importance of 
sustainability is a joy. The growing demand and interest in sustainable practice in the fashion 
and textiles industry ranges from unique hand crafted products to advanced textile 
technology or chemistry and engineering for mass production.  It is this demand and broad 
appeal of the industry that makes fashion a great communicator of issues relating to 
sustainability.  
Through fashion, concepts are explored and messages are communicated with a creative 
and visual approach that works to engage people and encourage behavioural change. 
Working with young people at schools and teaching them to up-cycle is another way to 
inspire the next generation to develop more responsible attitudes to the way people consume 
clothing. A range of up-cycling fashion projects and workshops have been introduced at 
schools and colleges across the globe. More and more schools in UK offer half-term and 
summer holiday workshops to engage local communities and people of all ages in projects to 
promote sustainability. Such an example is the ENLIVEN Fashion Project. This project 
brought together emerging fashion designers and charities to create a unique up-cycled 
fashion collection using clothing, fabrics and other items sourced from local charity shops. 
Once complete the collection was exhibited as part of a town centre fashion trail in the lead 
up to a showcase event at the Point Theatre, Eastleigh. This event involved catwalk shows; 
an art, crafts and fashion market; fashion photography shoots; live DJ sets and other 
activities. The up-cycled garments and accessories were entered into a competition with a 
high profile judging panel and prizes were awarded to the winning designers. The ENLIVEN 
Fashion Project was an exciting way to showcase new creative talent and  raised  the profile 
of the local creative sector as well as promoting charitable causes and recycling. It provided 
a talking point for residents and visitors to the town and it offered a dynamic annual summer 
event.  
The selected designers aim to create a unique up-cycled fashion collection using clothing, 
fabrics and other items sourced from local charity shops. Once complete the collection is 
exhibited as part of a town centre fashion trail in the lead up to a showcase event at the Point 
Theatre, Eastleigh involving catwalk shows; an art, crafts and fashion market; fashion 
photography shoots; live DJ sets and other activities. The up-cycled garments and 
accessories are entered into a competition with a high profile judging panel and prizes are 
awarded to the winning designers. The ENLIVEN Fashion Project is an exciting way to 
showcase new creative talent and to raise the profile of the local creative sector as well as to 
promote charitable causes and recycling. It provides a talking point for residents and visitors 
to the town and it offers a dynamic annual summer event.  
Wayne Hemingway MBE (Hemingway Design, Vintage Festival, co-founder of Red or Dead) 
has been a supporter of the annual ENLIVEN Fashion Project since it began in 2011 acting 
as a judge for the fashion design competition and offering the winners a chance to exhibit 
their designs at his Vintage Festival events in London and Oxfordshire. Ethical fashion 
supporter Mia Nisbet (MIA by Mia Nisbet) has been a second competition judge for the past 
two projects.  
I was one of the selected designers to take part in this year’s ENLIVEN Fashion Project. 
There were 11 designers in total. Each designer was assigned to collaborate with a different 
charity. I was assigned to CRY Charity. I selected a duvet cover and bed sheets to create 
two dresses for the project. I also handcrafted 2 pieces of jewellery made of buttons, beads, 
ribbons and wire to complement my mini collection. On 22nd June I was declared overall 
Winner of the ENLIVEN Fashion Project 2013. I was given an Award by British designers 
Wayne Hemingway (Hemingway Design), Mia Nisbet (MIA) and Eastleigh Borough Council.  
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Figure 1. The author’s designs at the ENLIVEN Fashion Show, 22nd June 2013 
 

 
 

Figure 2. Handmade Button Cuff 1 
 
My handmade cuffs consist of buttons, crystals, pearls, wire and ribbons. I used a variety of 
pink, blue, black and white buttons to complement both my outfits.  
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Figure 3. Handmade Button Cuff 2 
 
Both of my designs are inspired by the 50’s-60’s fashion, ‘Breakfast at Tiffany’s and my 
desire to add a modern twist to the well-known full circle skirt and basic dress constructions. 
The materials I used include cotton/ viscose bed sheets and a duvet cover which I selected 
from the ‘Cry’ Charity’, Eastleigh. I added pieces of scrap black and white striped fabric for 
contrast. Buttons jewellery were handcrafted to complement my designs.  
I drafted my own full circle skirt pattern size 10. The fabric was cut on the bias to achieve 
softer folds. I cut the snap buttons trimming from the bottom part of the duvet cover and used 
it to achieve a modern twist. The large pocket at the front is cut in a triangular shape, which I 
then draped on my mannequin and top stitched it on several places to the skirt. I added a 
side zipper, few flower buttons and silk lining all in pink to finish the skirt.  
I draped a basic bodice and used the leftover snap button trimming from the skirt to 
complement the oversized decorative dart. A few asymmetrical elements in black and white 
fabric were incorporated to create contrast. A side Velcro fastening and lining were added to 
finish the top.  
My Little Blue dress was created from a basic dress pattern size 14. I transformed the excess 
fabric into darts and folds and fitted it to create a size 10. The blue fabric is a cotton bed 
sheet. I used scrap pieces of black and white striped fabric to bring contrast. I added a front 
decorative zipper and few vintage looking buttons to achieve an eye catching look. The 
sleeves were made from the sheet hem. I created an interesting belt texture by inserting 
plastic lids as I love recycling. I used zigzag stitch. The dress took me more time than 
expected. It was a challenge to complete it and I am pleased I achieved my initial idea of 
creating a one off designer summer dress, a piece which is difficult to recreate!  
As an Eco-friendly designer I believe that the future of fashion is sustainability. Sustainable 
fashion or also called Eco - fashion is part of the growing design philosophy and trend of 
sustainability, the goal of which is to create a system which can be supported indefinitely in 
terms of environmentalism and social responsibility. Eco - fashion is part of the larger trend 
of sustainable design where a product is created and produced with respect to the 
environmental and social impact it may have throughout its total life span, including its 
"carbon footprint". Sustainable fashion appears not to be a short-term trend and could last 
multiple seasons.  

http://en.wikipedia.org/wiki/Fashion
http://en.wikipedia.org/wiki/Sustainable_design
http://en.wikipedia.org/wiki/Carbon_footprint
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The issue of sustainability is becoming ever more prevalent due to our growing ecological 
awareness. Fashion designers worldwide are now introducing Eco-Conscious collections of 
up-cycling clothes and promoting the sustainability on a larger scale by celebrity 
endorsement. Livia Firth, (wife of actor Colin Firth) and winner of the UN Leader of Change 
Award is the creative-designer of Eco-Age, a consultancy company that works with world’s 
top designers and fashion house to introduce sustainability agenda throughout the Fashion 
and Accessories sectors. In order to increase the awareness of sustainable fashion, Livia 
pledged to accompany Colin down the red carpet wearing entirely sustainable designs. 
Following her immensely successful results, she established the Green Carpet Challenge, 
persuading celebrities such as Cameron Diaz and Meryl Streep to wear sustainable 
creations, successfully drawing on their celebrity appeal to make sustainable clothing both 
fashionable and desirable. H&M's Conscious Collection is also making its presence on the 
red carpet, worn by the likes of Viola Davis and Michelle Williams. Lady Gaga recently 
demonstrated her support for Vivienne Westwood's Climate Change manifesto by wearing 
the campaign's T-shirt. 
 

 
 

Figure 4. The designer and her models celebrating the 1st place Award 

http://about.hm.com/content/hm/AboutSection/en/About/Sustainability.html


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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

52 
 

 

 
 

Figure 5. The dresses and jewellery on display at the CRY Charity shop window, Eastleigh 
 

 
 

Figure 6. Inserting milk bottle lids into the Little Blue Dress belt 
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"When you have something beautiful that has lots of happy memories, and it is something 
that you are never going to wear again, why not give it another lease of life?" Sharia Meyers  
As modern consumers we play a vital part in the progress of sustainability. We are quite 
obsessed with the latest must-haves and are constantly throwing out old clothes in order to 
justify the new. Currently around 85% of clothing that could be recycled is thought to be 
unnecessarily thrown away in landfills. Yet despite this alarming statistic, improvements are 
being made, with online outlets such as eBay and the ASOS Market Place signaling a rapidly 
growing trend for the selling on of unwanted clothes. So, for a sustainable alternative we can 
try changing out buying behavior as consumers and start selling or donating our unwanted 
clothes to charity shops. We can also have a look through the rails and pick up some items 
ourselves while we are there. Street markets are great source for finding unique and low 
price clothing and accessory. Swapping, lending and borrowing items are also great options. 
Instead of buying a brand new dress, we could always hire or borrow one saving money in 
the process. That way while our wardrobes are nicely expanding, our carbon footprints are 
well shrinking.  
 
3. CONCLUSIONS 
 
The increased worldwide awareness of environmental responsibility has led to a major 
increase in up-cycling and sustainability. The global fashion industry generates over a trillion 
dollars a year. So what we wear and how it is made and sold can have a huge positive 
impact on our society and environment. By learning from our past and focusing on what is 
best for future generations, everyone can be successful at up-cycling and sustainability. 
“For the fashion industry to be sustainable economically, it must be sustainable socially and 
environmentally too. These provocative scenarios challenge all of us to look beyond the short 
term and use our collective power to work to create the kind of positive world we’d like to see 
in 2025.” John Anderson, president and chief executive officer of Levi Strauss & Co.  
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Abstract: The paper presents fashion design of ladies’ dresses and ladies’ jackets on the base of two 
investigations of connections between colors and lines. The first one investigates the connections 
between colors and lines on the base their associations – symbolism and influence. The second study 
examines interactions between colors and lines in the latest fashion trends. The new models of ladies’ 
dresses and jackets are designed by the fourth authors of the paper. The correspondence analysis, 
which is use in both studies, is a suitable way for illustration of connection between fashion 
characteristics, especially the both main of them – colors and lines, because that analysis presents 
results in visual graphic way, which is attractive for the fashion as a visual performance. As it is shown 
in the paper, the results can be directly used in design of new models of clothing and are an approach 
to the success of the fashion project. 
Keywords: Colors, Lines, Connections, Correspondence Analysis, Fashion Design, Lady’s Clothing.  

 
 
1. INTRODUCTION 
 
As an object of the fashion design, the clothing can be looked as a system of interaction 
between the lines, which form silhouette, details, and elements and the colors. In the process 
of fashion design designers give definite character of a costume and it is possible by the use 
of suitable forming lines and colors and appropriate combination between them.  
The paper presents fashion design of ladies’ dresses and ladies’ jackets on the base of two 
investigations of connections between colors and lines. The first one investigates the 
connections between colors and lines on the base their associations – symbolism and 
influence. The second study examines interactions between colors and lines in the latest 
fashion trends. The new models of ladies’ dresses and jackets are designed by the fourth 
authors of the paper. 
 

2. METHOD 
 

The both investigation are made with the help of the statistical method of correspondence 
analysis. Correspondence analysis is a descriptive/ exploratory technique designed to 
analyse simple two-way and multi-way tables containing some measures of correspondence 
between the rows and columns. The results provide information which is similar in nature to 
those produced by Factor Analysis techniques, and they allow one to explore the structure of 
categorical variables included in the table. The most common kind of table of this type is the 
two-way frequency cross tabulation table. [1] 
The correspondence analysis is made with the use of statistical software STATISTICA 7. [1] 

http://www.geminabox.artweb.com/
version6.chm::/DataMining/ExploratoryDataAnalysisEDAandDataMiningTechniques.htm
factor.chm::/Indices/FactorAnalysis_HIndex.htm
mk:@MSITStore:C:/Program%20Files/StatSoft/STATISTICA%207/Glossary.chm::/GlossaryTwo/C/CrosstabulationsTablesMultiwayTables.htm
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3. CONNECTIONS BETWEEN COLORS AND LINES ON THE BASE OF THEIR 

ASSOCIATIONS  
 
3.1. Investigation 
 
Table 1 is made after studying of colors and lines associations and shows frequency of 
coincidence between associations – symbolism and influence of particular colors and lines. 
The study includes colors and lines influence and symbolism according to national, cultural, 
historical, religious traditions [4, 5]. Table 1 presents the frequencies of coincidence between 
colors and lines on the base their associations – symbolism and influence. 

 
Table 1.  
Frequencies of coincidence between the colors and lines on the base of their associations 
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Association 

 
 
Line 
Association W

h
it

e
 

B
la

c
k
 

M
a

g
e

n
ta

 

P
u

rp
le

 

In
d

ig
o

 

B
lu

e
 

C
y

a
n

 

G
re

e
n

 

Y
e

ll
o

w
 

O
ra

n
g

e
 

R
e

d
 

B
ro

w
n

  

G
o

ld
  

P
in

k
 

T
o

ta
l 

Vertical 2 0 1 1 1 2 1 3 2 0 0 0 2 1 16 

Horizontal 1 0 0 0 1 5 2 3 0 1 0 0 0 0 13 

Rectangular 1 0 0 0 0 2 1 2 0 1 0 0 0 0 7 

Diagonal 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 

Soft curves 0 0 0 5 1 1 1 2 3 1 3 0 0 1 18 

Intensive curves 0 0 0 1 0 0 0 0 0 0 1 0 0 0 2 

Circle 3 2 2 2 2 2 3 2 5 0 3 3 3 0 32 

Ellipse 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 

Wavy curves 1 0 0 1 1 2 1 1 2 0 2 1 1 0 13 

Spiral 0 0 0 2 0 1 0 1 1 0 2 0 0 0 7 

Total 8 2 3 1 6 1 9 1 5 3 1 4 6 2 112 

 
3.2. Results 
 
Figure 1, which is drawn with the use of correspondence analysis, presents the levels of 
interrelationships between the colors and lines on the base of their associations – symbolism 
and influence. If particular color and line are close to each other, they have similar 
associations. If they are so far from each other they have so different associations.  
Every color and every line have positive and negative meaning of association. In the new 
designs we can accentuate the positive meaning of a geometrical line with the use of a color 
with similar associations (the line and color are close to each other on the graphic in Figure 
1). Or we can balance a negative meaning of a line with use of a color with such as different 
associations (these ones are far each other on the graphic in Figure 1). [4, 5] 
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2D Plot of Row and Column Coordinates; Dimension:  1 x  2

Input Table (Rows x Columns): 10 x 14

Standardization: Row and column profiles
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Figure 1. The level of connections between colors and lines on the base their associations 

after correspondence analysis  

 
4. CONNECTIONS BETWEEN COLORS AND LINES IN THE LATEST FASHION 

TRENDS 
 
4.1. Investigation 
 
100 models of ladies’ dresses and 100 models of ladies’ jackets of the brands of Valentino, 
Elie Saab, Azzaro, Giorgio Armani, Christian Dior, Donna Karan, and Gucci, season fall 2013 
Ready-to-wear, are examined for the investigation of the interactions between colors and 
lines in the latest fashion trends. [2] The models are chosen for their successful design, 
because sometimes the success in the design of a model is a result of combinations 
between different types of fashion characteristics.  
Table 2 presents the frequencies of coincidence between colors and lines in ladies’ dresses 
in examined models for the latest fashion trends. [2] Table 3 shows the frequencies of 
coincidence between colors and lines in ladies’ jackets in examined models for the latest 
fashion trends.  
 
 
 



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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

57 
 

 

Table 2. Frequencies of coincidence between the colors and lines in ladies’ dresses in the 
latest fashion trends 

Lines 

 
Colors 

Horizontals Diagonals Verticals 
and 

horizontals 

Verticals, 
horizontals 

and 
diagonals 

Curves Straight 
and 

curved 
lines 

Total 

White 1 1 1 0 2 2 7 

Black 2 3 2 5 7 6 25 

Gray 1 8 1 2 1 0 13 

Blue 0 0 1 2 2 1 6 

Green 0 0 2 0 1 2 5 

Orange 0 0 0 1 1 0 2 

Red 0 0 0 2 1 0 3 

Bordeaux 0 0 1 1 0 1 3 

Lilac  0 0 0 1 0 1 2 

Vilet 1 0 0 0 0 1 2 

Coffee 0 0 0 1 0 0 1 

Chromatic, 
combination 

0 1 0 0 1 0 2 

Achromatic, 
combination 

2 1 3 2 5 5 18 

Chromatic 
and 
achromatic, 
combination 

0 2 2 1 5 1 11 

Total 7 16 13 18 26 20 100 

 
Table 3. Frequencies of coincidence between the colors and lines in ladies’ jackets in the 
latest fashion trends 

Lines 
 
 

Colors 

Horizontals Diagonals Verticals 
and 

horizontals 

Verticals, 
horizontals 

and 
diagonals 

Curves Straight 
and 

curved 
lines 

Total 

White 1 1 0 0 0 7 9 

Black 0 2 12 11 1 9 35 

Gray 0 0 5 1 0 5 11 

Blue 0 1 0 3 1 0 5 

Green 0 0 1 3 0 1 5 

Orange 0 0 1 0 0 0 1 

Magenta 0 0 1 0 0 0 1 

Lilac 0 0 0 1 0 4 5 

Coffee 0 0 0 1 0 3 4 

Achromatic, 
combination 

0 0 6 5 0 3 14 

Chromatic 
and 
achromatic, 
combination 

0 0 1 1 2 6 10 

Total 1 4 27 26 4 38 100 
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4.2. Results 
 
Figure 2 shows the level of connections between the used by designers colors and lines of 
dresses in graphical way on the base of correspondence analysis on the data of frequencies 
of coincidence in Table 2. Figure 2 presents that interaction between curved lines and the 
color of black are situated closest each other than other ones from both groups’ 
characteristics. Therefore the connection between curved lines and the color of black is the 
strongest and the most actual in the latest fashion trends. Other strong connections are 
these between gray and diagonal lines, white and horizontal lines, the combination of 
achromatic colors and the combination of vertical and horizontal lines or straight and curved 
lines, the colors of tonality of the purple – bordeaux, lilac, violet and the combination between 
straight and curved lines, the hot colors orange and red and the combination of vertical, 
horizontal and diagonal lines. [2] 
 

2D Plot of Row and Column Coordinates; Dimension:  1 x  2

Input Table (Rows x Columns): 14 x 6

Standardization: Row and column profiles
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Figure 2. The level of connections between colors and lines of dresses  

in the latest fashion trends after correspondence analysis 

 

Figure 3 shows the level of connections between the used by designers colors and lines of 
jackets in graphical way on the base of correspondence analysis on the data of frequencies 
of coincidence in Table 3. Figure 3 presents that the interactions between color of lilac and 
the combination of straight and curved lines, coffee and the same combination of lines, and 
green and the combination of vertical, horizontal and diagonal lines are the strongest and the 
most actual in the latest fashion trends. 
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2D Plot of Row and Column Coordinates; Dimension:  1 x  2

Input Table (Rows x Columns): 11 x 6

Standardization: Row and column profiles
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Figure 3. The level of connections between colors and lines of jackets 
in the latest fashion trends after correspondence analysis 

 

5. APPLICATION 
  

Figure 4 presents a lady’s dress in a combination of gray and diagonal lines - one of the 
strong connections between colors and lines in dresses in the latest fashion trends (Figure 
2). The color gray is an unemotional neutral, and impartial. [6] The diagonal lines are the best 
way to introduce emotions and motion in a dress in gray. In other side the gray tames the 
exceptive dynamic in an asymmetric composition, in which the diagonal lines are leading [3].  
Figure 5 shows a lady’s jacket in a combination of lilac and straight and curved lines – one of 
the strong combinations between colors and lines in jackets in the latest fashion trends 
(Figure 3). The color lilac is feminine and this positive meaning of lilac is pronounced by the 
combinations of elegant vertical lines and tender and sensual soft curves (Figure 1 shows 
that tonality of purple and the soft curves are very close each other according to their 
associations – symbolism and influence).  
Figure 6 presents a lady’s dress, which combines both of the strongest combinations 
between colors and lines in dresses in the latest fashion trends – black with curved and 
straight lines, and gray with diagonal lines. The combination of gray and black can be 
considered as dramatic and mysterious [6], and it can be softened with diagonals and soft 
curves, which are distant and low interactions in Figure 1. The diagonals and curves 
introduce sensuality [3] in that dark color combination. 
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Figure 4.  
Lady’s dress in combination of grey and 
diagonal lines. Design by Julieta Ilieva 

 

Figure 5. A lady’s jacket in lilac in 
combination with vertical and curved lines.  

Design by Julieta Ilieva 
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Figure 6. A lady’s dress, which combines 
black and grey with diagonal and curved 

lines.  Design by Mihaela Zhekova 

 

Figure 7. A lady’s jacket in green in 
combination with vertical, horizontal and 

diagonal lines. Design by Mihaela Zhekova 
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Figure 8.  
A lady’s dress, which combines white with 
horizontal lines. Design by Petya Dineva 

 

Figure 9. A lady’s jacket in green in 
combination with vertical, horizontal and 
diagonal lines. Design by Petya Dineva 
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Figure 10. A lady’s dress in magenta in 
combination with vertical and curved lines.  

Design by Zlatina Kazlacheva 

Figure 11. A lady’s jacket in green in 
combination with vertical, horizontal and 

diagonal lines. Design by Zlatina Kazlacheva 
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Figures 7, 9 and 11 present models of ladies’ jackets, in which green is in an interaction with 
vertical, horizontal and diagonal lines. This combination is one of the strongest and the most 
actual in the latest fashion trends for the ladies’ jackets (Figure 3). In its positive mode, green 
suggests nature (plant life, forests), life, stability, restfulness, naturalness. [3] It is seen that in 
Figure 1 the green is between the vertical and horizontal lines and it is situated enough close 
to them. The vertical lines accent in the green’s meaning of life and development. Horizontal 
lines focus on the green’s associations of stability and restfulness. Sometimes the shade of 
green of stability and restfulness is boring, and by this reason the use of diagonal lines in 
their association of dynamic and movement promote the green’s meaning of life. 
Figure 8 shows a lady’s dress in a combination of white and horizontal lines, which is a 
strong interaction in the latest fashion trends (Figure 2). The color meaning of white is purity, 
innocence, wholeness and completion. [6] The horizontal lines in their associations to be 
quiet and restful in feeling [3] focus on the positive meanings of the color white. 
Figure 10 presents a lady’s dress in a combination of magenta and straight and curved lines. 
The interaction between the colors of the purple tonality and the straights and curves is one 
of the strong combinations between colors and lines in jackets in the latest fashion trends 
(Figure 2). The association of the combination between magenta and straight and curved 
lines is the same like this one for the model of lady’s jacket in Figure 5. As a color of the 
purple tonality magenta is feminine and its positive meaning is pronounced by the 
combinations of elegant vertical lines and tender and sensual soft curves (Figure 1 shows 
that tonality of purple and soft curves are very close each other according to their 
associations – symbolism and influence).  
 
6. CONCLUSIONS 
 
The correspondence analysis, which is use in both studies, is a suitable way for illustration of 
connection between fashion characteristics, especially the both main of them – colors and 
lines, because that analysis presents results in visual graphic way, which is attractive for the 
fashion as a visual performance. As it is shown in the paper, the results of the both 
investigations of connections between colors and lines on the base their associations and the 
latest fashion trends can be directly used in design of new models of clothing and are an 
approach to the success of the fashion project. 
 
7. REFERENCES 
 
[1] Hill T., Lewicki P. (2007) Electronic Statistics Book [Online]. Available: 

http://statsoft.com/textbook/stathome.html [2007]. 
[2] Ilieva J., Kazlacheva Z. (2013). Dresses’ Design on the Base of an Investigation of 

Connections in the Latest Fashion Trends. Proceedings of International Symposium in 
Knitting and Apparel – ISKA 2013, pp. 166-172, 21-22 June 2013, Iasi, Romania. 

[3] Jirousek Ch. (1995). Art, Design and Visual Thinking [Online]. Available: 
http://char.txa.cornell.edu [2012-2013]. 

[4] Kazlacheva Z. (2010). Visual Organizations of Colors and Lines in Clothing. Tekstil i 
Obleklo, 58 (8), pp. 242-248. 

[5] Kazlacheva Z. (2010). The Use of Suitable Methods of Statistical Analysis in Fashion 
Design and Clothing Constructing. Proceedings of the International Scientific Conference 
eRA-5, pp. 432-437, 15-18 September 2010, Piraeus, Greece. 

[6] Understanding the Meaning of Colors in Color Psychology (2006-2013). [Online]. 
Available: http://www.empower-yourself-with-color-psychology.com/meaning-of-
colors.html [2013]. 

 

http://statsoft.com/textbook/stathome.html
http://char.txa.cornell.edu/


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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

65 
 

 

 

TEXTILE DESIGN ON THE BASE OF THE CONNECTIONS BETWEEN 
COLORS AND LINES 

 
Julieta Ilieva 

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

mobile: +358 89 7512012, e-mail: jilieva@fft.uni-sz.bg 
 
 
Abstract: The paper presents the textile design idea projects, which compositions are realized on the 
base of connections between associations of colors and lines. The connections between colors and 
lines give the compositions specific character, which provokes definite senses. The idea projects can 
be used in textile arts, interior textile, clothing fabrics’ design, and design of accessories. The ideas 
can be used not only in textile art and design. They can be used in other arts and other interior 
applications – stained glass, mosaics, etc.  
Keywords: Textile Art Design, Colors, Lines.  

 
 
1. TEXTILE COMPOSITION 
 
In the textile design big variety in creation of drawings and motifs is reached with the different 
compositional conceptions. The square, cube and sphere are heavy forms, which are static 
and non-plastic. The oblong rectangles, irregular oblong triangles, ellipses are light forms. 
The jacquard fabrics require definite and stricter treating of the motif. The special features of 
the jacquard fabrics and their design are the reasons about that. The jacquard motif is 
formed by the interweaving of warp and weft fibers in different colors. In the more of the 
cases the motif lines gravitate to one center. There are closed bordered compositions. They 
turn around a center, which is closed according to colors and ornaments. There are abstract 
compositions, ones of the most popular styles in composition today. Sometimes they are a 
result of a random motion of brush, but in the more cases they are borrowed by the nature, 
for example tree bark, colored pebbles, or the play of the wind onto sandy dunes. [6, 7] 
The paper presents six preliminary projects of textile art designs. The compositions are 
created on the base of a study of associations – symbolism and influence of colors and lines, 
and connections between them.   
 
2. SYMBOLISM OF COLORS 

 

According to Jirousek [4] ‘We know that cultural traditions endow colors with powerful 
meanings that can differ greatly from place to place. For example, in Europe and the United 
States, black is the color of mourning. In many tropical countries and in East Asia white is the 
color of death. On the other hand, white is the color worn by American brides, while brides in 
much of Asia wear red. Based on research done in the United States and Europe, we know 
that the following associations are generally found to hold in Euro-American societies: Red is 
associated with blood, and with feelings that are energetic, exciting, passionate or erotic. 
Most colors carry both positive and negative implications. The downside of red evokes 
aggressive feelings, suggesting anger or violence. Orange is the color of flesh, or the friendly 
warmth of the hearth fire. The positive implications of this color suggest approachability, 
informality. The negative side might imply accessibility to the point of suggesting that anyone 
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can approach – a lack of discrimination or quality. Yellow is the color of sunshine. This color 
is optimistic, upbeat, and modern. The energy of yellow can become overwhelming. 
Therefore yellow is not a color that tends to dominate fashion for long periods of time. Green. 
In its positive mode, green suggests nature (plant life, forests), life, stability, restfulness, 
naturalness. On the other hand, green in some tones or certain contexts (such as green skin) 
might instead suggest decay (fungus, mold), toxicity, artificiality. Blue suggests coolness, 
distance, spirituality, or perhaps reserved elegance. Some shade of blue is flattering to 
almost anyone. In its negative mode, we can think of the "blues"-the implication being one of 
sadness, passivity, alienation, or depression. Violet is the color of fantasy, playfulness, 
impulsiveness, and dream states. In its negative mode, it can suggest nightmares, or 
madness.’ 
Maria Claudia Cortes presents her study in her site, named ‘Color in Motion’ [3]: The color 
red is dynamic, vital, romantic, commanding, alert, rebellious, complementary, joyful, visible, 
hot, and fun. The orange is helpful, burning, cozy, abundant, warning, flavorful, festive, 
active, excited, communicative, and inspiring. The yellow is creative, young, visible, bright, 
cheerful, light weight, curious, coward, playful, nutritious, ill, and expanding. The color of 
green is patient, natural, adventurous, relaxed, athletic, unfortunate, lucky, balanced, safe, 
and sharing. The blue is technical, deep, free, educated, protective, lonely, peaceful, cold, 
clean, authoritative, and formal. The purple is intelligent, artistic, aloof, luxurious, royal, vain, 
fantastic, melancholic, feminine, fragrant, and solemn.  
In his planetary colorsystem Michel Albert-Vanel [1, 2] presents the color association not only 
about one concrete color, but he examines associations of color combinations between the 
four main colors of his system: red, green, yellow and blue, with addition with white, black, 
white and black, and gold. The combinations are 80 and they have been received on the 
base of a study about I Ching, Tibetan mandalas, Arabic geomancy, classic Taro. The 80 
combinations can be used in lesson of color knowledge and an instrument for a search of the 
suitable color combination in the works of artists, designers, architects. Here are the 
associations of the four main colors and their combinations: The red is elevated, magnificent, 
sentient, examining, killing. The green is open, researching, seeking, and mysterious. The 
blue is spatial, cosmic, zenithal, amazing. The yellow is inventive, intelligent, dominant, 
ruling. The combination between yellow and blue is associated with mediation, motion, 
passage. The combination between red and yellow is comfortable, cordial, superior, and 
excessive. The combination between green and blue is eternal, temporary and transitional. 
The combination between green and yellow is new, refreshing, seasonal, and downward. 
The combination between red and blue associates implementation, realization, achievement, 
asceticism, and isolation. And the combination between red and green associates bloom, 
evolution, recycling. The triple combination between red, yellow and blue is progressive, 
improved, refined, diligent, and industrious. The combination between colors of green, yellow 
and blue associates rescuing, survival, and self-destruction. The combination of red, green 
and blue associates purifying, transferring, unification, combination. The combination of red, 
green and yellow associates denial, disavowal, destruction, and death. The combination of 
the four main colors is alive, animated, accidental, stirred and messy. 
 

3. SYMBOLISM OF LINES 

 

According to Jirousek [4] ‘Line also communicates emotion and states of mind through its 
character and direction. The variations of meaning generally relate to our bodily experience 
of line and direction. Horizontal line suggests a feeling of rest or repose. Objects parallel to 
the earth are at rest in relation to gravity. Therefore compositions in which horizontal lines 
dominate tend to be quiet and restful in feeling. One of the hallmarks of Frank Lloyd Wright's 
architectural style is its use of strong horizontal elements which stress the relationship of the 
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structure to the land. Vertical lines communicate a feeling of loftiness and spirituality. Erect 
lines seem to extend upwards beyond human reach, toward the sky. They often dominate 
public architecture, from cathedrals to corporate headquarters. Extended perpendicular lines 
suggest an overpowering grandeur, beyond ordinary human measure. Diagonal lines 
suggest a feeling of movement or direction. Since objects in a diagonal position are unstable 
in relation to gravity, being neither vertical nor horizontal, they are either about to fall, or are 
already in motion, as is certainly the case for this group of dancers. In a two dimensional 
composition diagonal lines are also used to indicate depth, an illusion of perspective that 
pulls the viewer into the picture-creating an illusion of a space that one could move about 
within. Thus if a feeling of movement or speed is desired, or a feeling of activity, diagonal 
lines can be used. Horizontal and vertical lines in combination communicate stability and 
solidity. Rectilinear forms stay put in relation to gravity, and are not likely to tip over. This 
stability suggests permanence, reliability and safety. In the case of the man in this family 
group, the lines seem to imply stability to the point of stodginess. Deep, acute curves, on the 
other hand, suggest confusion, turbulence, even frenzy, as in the violence of waves in a 
storm, the chaos of a tangled thread, or the turmoil of lines suggested by the forms of a 
crowd. The complicated curves used to form the mother in the family group shown above 
suggest a fussy, frivolous personality. Curved lines do vary in meaning, however. Soft, 
shallow curves suggest comfort, safety, familiarity, relaxation. They recall the curves of the 
human body, and therefore have a pleasing, sensual quality.’ 
 

4. CONNECTION BETWEEN ASSOCIATIONS OF COLORS AND LINES  
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Figure 1. The level of connections between colors and lines on the base their associations 
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Kazlacheva [5] presents the connection between colors and lines on the base of their 
associations in graphical way, using correspondence analysis. The graphic, which is 
presented in figure 1, shows the level of correspondence between colors and lines in their 
symbolism and influence. If particular color and line are close to each other, they have similar 
associations. If they are so far from each other they have so different associations.  
 
5. PRELIMINARY PROJECTS 

 
Figures 2-7 present six preliminary projects of textile designs. Different as type and direction 
lines are used in the compositions. The more compositions use geometric and abstract 
forms, but some projects combine geometrical forms with stylize plant and animal elements. 
The color tonalities are varied, but contrast tonalities between hot and cold colors are 
predominant. 
Figure 2 shows a preliminary project in free composition of abstract forms, named ‘Mirage’. 
Soft and intensive curved lines are predominant. Curved lines are enhanced with dark 
contours. The color tonality includes cold colors, which calm the dynamic composition and 
the chaotic state of intensive curves. The small contrast accents in yellow give freshness and 
they balance the cold colors without obtrusion. In results of connections between colors and 
line the whole emotion is about dynamics and motion, but graceful motion, which is elusive 
like a mirage.   
Figure 3, similarly to the previous project, presents a design in free composition. The project 
is named ‘Choppiness’. Again the soft and intensive curved lines are predominant. The forms 
are main difference between second and first compositions. The forms in the second 
composition are strongly stylized and they remind about the stormy sea. The color tonality is 
contrast in blue and sandy yellow, which is softened with neutral white and gray.  
And the composition, which is presented in figure 4, is free. The project is named ‘Flight’. The 
composition combines strongly stylized elements and abstract forms. Soft and intensive 
curved lines are predominant. Curved lines are enhanced with graphic contours. The color 
tonality mixes pastel hues of hot and cold colors, which create sense of fleetness and 
airiness.   
Figure 5 shows a project in free open composition. The dominant geometrical abstract forms 
in combination with strongly stylized elements formed a silhouette of a lady’s body. The color 
tonality is mixed combination between hot, cold, and achromatic colors, which are enhanced 
with light and dark contours. The composition is named ‘Dance’ and its combination between 
colors and lines gives sense of rhythm and motion. 
And figure 6 presents a project in free open composition. The project is named ‘Impression’. 
The lines are soft and intensive curves, which are enhanced with contour lines. The contours 
unite the composition and give a contrast of the mixed color tonality of bright and pastel hot 
and cold hues. The whole design gives a sense of joy, freshness and motion. 
And the design, which is shown in figure 7, is in free open composition. It is named ‘Dream’. 
The forms are abstract in a result of dominated soft and intensive curved lines. The color 
tonality is mixed between hot, cold and achromatic tones, which are enhanced with dark 
contour lines. As result the sense is a interweaving between a dream and reality. 
 
6. CONCLUSIONS 
 
The connections between colors and lines give the compositions specific character, which 
provokes definite senses. The idea projects can be used in textile arts, interior textile, 
clothing fabrics’ design, and design of accessories. The ideas can be used not only in textile 
art and design. They can be used in other arts and other interior applications – stained glass, 
mosaics, etc.  
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Figure 2. Mirage. Free composition 
 



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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

70 
 

 

 
 

 
 

Figure 3. Choppiness. Free composition 
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Figure 4. Flight. Free composition 
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Figure 5. Dance. Free composition 
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Figure 6. Impression. Free composition 
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Figure 7. Dream. Free composition 
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Abstract: The development on a geometric constructional model of pattern making of collars in big 
sizes (with widths bigger than shoulders) around necklines in differed forms (oval, square, rhombus, 
trapezium, and pentagon) is presented in the paper. The developed model is characterized with 
accuracy and facilitation of constructing, which is a result of an investigation. The investigating 
methodology is similar to a study about development on a new constructional model of pattern making 
of collars in not too big sizes around necklines in different forms [3, 4]. In result of the investigation, 
with the help of multiple linear regression, dependence for determination of the slope of a collar in big 
size is defined, and this dependence makes the geometrical constructing in the model correct and 
easy. The new geometrical model of accurate and facilitating pattern making of collars in big sizes 
around necklines in different forms gives possibilities for easy design of new models collars with 
aesthetic forms and the correct collar position toward the bodice. The new design constructional mode 
is suitable for the both ways of pattern making – the traditional manual constructing and drawing with 
CAD systems. The pattern making of these kinds of collars is more successful with the use of CAD 
systems about easy constructing on the base of different angles (the angles are the base for the 
dependence, which is result by the multiple regression) and easy designing of new shapes of the 
necklines and collars. 
Keywords: Collars in Big Sizes, Necklines in Different Forms, Design, Pattern Making, Multiple Linear 
Regression.  

 
 
1. INTRODUCTION 
 
The different and untraditional forms of the elements of the collars are one precondition for 
interesting models of lady’s clothing. An element, with which help unusual collars can be 
designed, is the neckline and especially its geometrical form. The collar can be form not only 
around the neckline from constructional base of the bodice, the similar one which is close to 
the form of constructional base, or the traditional V neck opening. The collar can be designed 
around neckline in form of oval, square, rhombus, trapezium, and pentagon. The geometrical 
form of these untraditional necklines can give ideas for the design of other elements of 
collars, especially the collar edge. 
According to the geometrical constructing the general feature of these kinds of collar is that 
the tangent to the neckline in the shoulder point is in vertical direction or direction, which is 
opposite to the direction of the tangent to the traditional V neck opening.  
The development on a geometrical constructional model of pattern making of collars around 
untraditional necklines in varied forms is presented in the articles [3, 4]. As a result, the 
geometric model, which is presented in Figure 1, is characterized with accuracy and 
facilitation of pattern making. It is developed on the base of the use combination of the 
accuracy of the constructional model of the system M. Müller + Sohn for pattern making of 
collars around V neckline, formed with straight or curved lines [5] and the more facilitating 
traditional model of constructing collars with lapels and shawl collars around V neck opening, 
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which is formed with straight lines. In result with the help of multiple linear regression the 
slope of the collar is defined with dependence – formula (1), and its simplified dependence 
makes the pattern making by the geometrical constructional model of Figure 1 correct and 
easy. 

 
β = 14,5 – 0,65.α + 1,2.W                                     (1) 

 
β, ° is the central angle of the collar slope arc (the arc 5÷6 in Figure 1), α, ° – the roll line 
angle (the angle between line 1÷5 and a vertical line in Figure 1), W, cm – the collar width by 
the shoulders. 

 

 
 

Figure 1.  
Geometrical model of pattern making of collars  

around necklines in different forms 

 
The model in Figure 1 is used in design of ladies’ jackets about pattern making of collars 
around untraditional necklines, which are shown in Figures 2 and 3. Figure 2 presents a 
lady’s jacket with a collar with lapels with roundness around an oval neckline. Figure 3 shows 
a lady’s jacket with a shawl collar, designed around a neckline in pentagon form. The both 
collars are correct positioned to the bodice. The designing of the collar edges of the both 
collars follow the forms of the necklines. 
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Figure 2. 
A collar around an oval neckline 

 
Figure 3. 

A collar around a pentagon neckline 
 

The successful geometrical constructional model, presented in Figure 1, gives an idea for 
development on a constructional model for pattern making of collars in big sizes around 
different forms of necklines.  
The paper presents an investigation of development on a correct and facilitated geometrical 
constructional mode of pattern making of collars in big sizes (with widths bigger than 
shoulders) around necklines in different forms – oval, square, rhombus, trapezium, and 
pentagon, or necklines with the tangents to the shoulder points which are in vertical direction 
or direction, opposite to the direction of the tangent to the traditional V neck opening. 
 
2. EXPERIMENTAL METHODOLOGY 

 

Figure 4 presents a collar in big size with width bigger than shoulders designed around a 
neckline in oval form. Figure 5 shows a big size collar, which is formed around a neckline in 
form of a pentagon. The experimental methodology of development on a methodology of 
pattern making of collar with width bigger than shoulder around necklines in different forms is 
similar to this one, used for collars with not too big sizes, which is presented in [3, 4]. Collars 
like these ones, presented in Figures 4 and 5 can be designed using the geometrical model 
by the system M. Müller + Sohn, which is used for design of collars in big sizes around V 
necklines formed with straight or curved lines. [5] The construction is presented in Figure 6. 
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Figure 4. A collar in big size around a 
neckline in oval form 

 
Figure 5. A collar in big size around a 

neckline in pentagon form 
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In Figure 6: After the neckline sinking by the shoulder the front neckline can be drawn in 
different geometrical form – oval, square, rhombus, trapezium, and pentagon, or necklines 
with the tangents to the shoulder points which are in vertical direction or direction, opposite to 
the direction of the tangent to the traditional V neck opening. Right of the shoulder point of 
the front neckline an arc is drawn with centre the point of intersection between the tangent to 
the front neckline in the shoulder point and a horizontal line which define the border of the 
bust area and it is situated on 9,0-10,0 cm over the apex of the bust dart. The value of the 
collar stand height by the shoulder, which is usually equal to 2,0 cm, is measured twice on 
the arc. After the neckline sinking up of the central point of the back neckline the middle line 
is extended on the distance equal to twice of the collar stand height by the middle of the 
back, which is 1,0 cm bigger than the collar stand height by the shoulders. Up of the shoulder 
point of the back neckline a line, parallel to the middle line of the back is drawn with length 
equal to twice of the collar stand height by the shoulders. Both lines, which fixed double 
collar stand height by the middle of the back and the shoulders, are connected by the curved 
line which is in form similar to the back neckline. The back is placed up of the front by the 
next way: The point of the back which fixes double collar height by the shoulders is situated 
on 0,5 cm over the point of the front which fixes double collar stand height by the shoulders. 
The last shoulder point of the back lies on the front shoulder. Hp is the sum of additional 
height for pad by the front and back shoulders, or Hp = Hp,f + Hp,b, where Hp,f is additional 
height for pad by the front shoulder and Hp,b is additional height for the pad by the back 
shoulder. The line of connecting of the collar with the front neckline is in the same 
geometrical form like the neckline after rotation with centre the point of intersection between 
the tangent to the front neckline in the shoulder point and a horizontal line – the border of the 
bust area. The collar edge is drawn with a line with geometrical form which depends by the 
fashion trends and the model and situated on the left by the last shoulder point on the front.  
It is seen in the constructional model in Figure 6 that the location of the back over the front 
defines the collar slope and if another way for determination of the collar slope will be found, 
the constructional model fill become facilitated. In investigation, presented in [3] like in 
traditional  constructional model for collars around V neckline with straight roll line an arc is 
used for defining of the collar slope and this arc replaces the position of the back over the 
front for the determination of the slope of the collar. The same approach is used for 
facilitation of the construction in Figure 6. In the front the point of intersection between the 
horizontal line which is the border of the bust area and the tangent to the neckline in the 
shoulder point is connected with a straight line with the point on the arc which defines once 
the collar height by the shoulder. The new line determines the subsidiary roll line. An arc is 
drawn with centre the point on the front which fixed double collar stand height by shoulders 
and the arc is drawn between the point which fixes double collar stand height by the middle 
of the back and the subsidiary roll line. The collar stand height by the middle of the back is 
measured on the arc. If the rest part of the arc will be defined by a formula, which is accurate 
for different measures of design and constructional elements, the constructional model in 
Figure 6 will become facilitated. The length of the rest part of the arc can be defined by its 
central angle β depending on the angle between the subsidiary roll line and a vertical line – 
angle α and additional height for pad by the shoulders – Hp using the statistical method of 
multiple linear regression. 
For the investigation two constructional bases of lady's jacket are drawn by two different 
methodologies [2, 5] for two different sizes. With the use of the constructional bases the 
constructions from the type, presented in Figure 6, are designed for different combination of 
values: α = 6,236-25,996° (The value of angle α depends of the slope of the tangent to the 
front neckline in the shoulder point.); the depth of the neckline sinking is 0-4,0 cm; the collar 
stand height by the back middle is 2,5-3,0 cm; the additional height for pad by shoulders is 
Hp = 0-1,2 cm.  
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Figure 6. Collar design constructing by the use of the system M. Müller + Sohn and 
determination of the collar slope with an arc – regression model and dependent and 

independent variables 
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In this investigation traditonal linear regression formula (2) aquires mode (3).  

 
Y = b0 + b1.X1 + b2.X2                                                     (2) 

 
Y is dependent variable, X1 and X2 – independent variables, b0 – constant, b1 and b2 – 
slopes. 

 
β = b0 + b1.α + b2.Hp                                                      (3) 

 
β, ° is the central angle of the collar slope arc, α, ° – the roll line angle, Hp, cm – the 
additional height for pad by shoulders. 
 
3. RESULTS 
 

The statistical analysis is made with the use of the software STATISTICA 7 [1]. The linear 
regression results are b0 = 29,20726, b1 = -0,69967, b2 = 4,08333. The accuracy of the 
regression model is provided by the values of p < 0,0000, R-square = 0,97654256, and Std. 
Error of estimate = 0,935327030.  
On the base of the statistical analysis formula (3) assumes form (4). 

 
β = 29 – 0,7.α + 4,0.Hp                                             (4) 

 
The linear interaction between dependent and independent variables in formula (4) is 
presented in Figure 7. 
 

β = 29,2073-0,6997*α+4,0833*Hp
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Figure 7.  
Linear interaction between dependent and independent variables 

 



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. 2, No. 1, 2014 ISSN 1314-8788 (print), ISSN 1314-8796 (online) 

83 
 

 

 
4. GEOMETRICAL MODEL OF PATTERN MAKING 
 

After defining the collar slope with the use of formula (4), the new geometrical constructional 
model of pattern making of collars in big sizes around oval, square, rhombus, trapezium, or 
pentagon necklines is developed. The new constructional model is presented in Figure 8. 

 

 
Figure 8.  

A geometrical constructional model of pattern making of collars in big sizes around oval, 
square, rhombus, trapezium, or pentagon necklines 
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In Figure 8 point 1 is situated on the horizontal line, which is located on 9-10 cm over the 
bust dart apex. This line is the border of the bust area. 2 is the point of interception of the 
front neckline and shoulder after the neckline sinking. For design of collars around oval, 
rhombus, trapezium, or pentagon neckline point 1 is located to the left than point 2. The 
segment 1÷2 is in vertical position if the neckline is designed in square, oval or pentagon 
form. Segment 1÷2 is the tangent line to the neckline in the shoulder point. The front neckline 
is formed with a curved line, formed oval form, or combination from curved or straight lines, 
created square, rhombus, trapezium, or pentagon form. An arc is drawn with center point 1 
and radius 1÷2. On the arc: 2÷3 = 3÷4 = 1,5-2,0 cm. Distances 2÷3 and 3÷4 define the collar 
stand height by shoulders. Points 1 and 3 are connected with a straight line, which is 
extended over point 3. An arc is drawn to the right of line 1÷3 with center point 4 and radius, 
equal to the back neckline length after the neckline sinking. On the arc: Distance 5÷6 is 
defined by its center angle β by formula (4). Distance 6÷7 = 2÷3 + 1,0 determines the collar 
stand height by the back middle. Points 1 and 4 are connected with a line, which is in the 
same geometrical form like the line of the neckline – 1÷2. The line 1÷4 defines the collar 
connecting line to the front neckline. Points 4 and 7 are connected with a curved line and 
curve 4÷7 defines the collar connected line to the back neckline. A line, which is 
perpendicular to 4÷7 is drawn. On the new line: 7÷8 = 6÷7. Distance 7÷8 defines the collar 
stand height by the back middle. Distance 8÷9 determines the collar width by the back 
middle. The collar edge is drawn with a line between points 1 and 9 on the left by the last 
shoulder point. The collar edge line shape depends from the fashion trends and model.  
 

5. CONCLUSIONS 
 
The new geometrical model of accurate and facilitating pattern making of collars in big sizes 
around necklines in different forms gives possibilities for easy design of new models collars 
with aesthetic forms and the correct collar position toward the bodice. The new design 
constructional mode is suitable for the both ways of pattern making – the traditional manual 
constructing and drawing with CAD systems. The pattern making of this kinds of collars is 
more successful with the use of CAD systems about easy constructing on the base of 
different angles (the angles are the base for the dependence, which is result by the multiple 
regression) and easy designing of new shapes of the necklines and collars. 
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