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EXA - course content

• What: outer, inner structure of textiles (fibers, yarns, flat fabrics)

EXA06 - fibres, EXA07 - yarns (outer structure), EXA08 - yarns (inner

structure), EXA09-10 - blended yarns (inner structure, mechanical properties),

EXA11 – two-ply yarns (outer, inner structure), EXA12 - woven fabric (outer

structure), EXA13 - woven fabric (inner structure), EXA14 - knitted fabric (outer

structure)

• How to: view, cross-sections

EXA05 - microscope, microscope slides (preparation of slides)

• What: microscope, macroscope, camera, NIS Elements image analysis

EXA05 - microscope (light microscopy analysis), microscope slides, EXA04 -

scanning, EXA03 - NIS Elements image analysis, EXA02 - digital image
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KTT internal standards - use of NIS 

Elements image analysis
• IN 46-108-01/01 Recommended procedure for creating cross sections. Soft and hard cross-sections

• IN 21-108-01/01/01 Determination of geometric properties of fibres

• IN 22-102-01/01 Yarn diameter and hairiness

• N 22-102-02/01 Cross-sectional dimensions of two-ply yarns and diameter of single yarns, Cross-sections

• IN 22-103-01/01 Yarn packing density Direct method and Secant method

• IN 22-103-02/01 Yarn packing density - Sirect method 

• IN 22-103-03/01 Yarn packing density - Isoquantities 

• IN 22-105-01/01 O-E yarn – belt fibers

• IN 22-105-01/02 Rotor yarn belt fibers - modified version 

• IN 22-106-01/01 Determination of core coverage of spun yarn

• IN 22-109-01/01 Directional arrangement of fibres in yarn - traser fibres 

• IN 22-109-02/01 Directional arrangement of fibres in yarn - oblique yarn cross-sections

• IN 22-201-01/01 Yarn bending stiffness

• IN 23-107-01/01 Area covering of fabrics

• IN 23-108-01/01 Definition of yarn interlocking geometry in fabric from cross-sections

• IN 23-110-01/01/01 Comprehensive evaluation of the surface structure of textiles

• IN 23-111-01/01 Methodology for detecting non-uniformity of fabric images

• IN 23-203-01/01 Objective determination of the degree of pilling of fabrics 

• IN 32-102-01/01/01 Cross-sectional dimensions of two-ply yarns and diameter of single yarns, Longitudinal views 

• IN 32-102-02/01 Geometric parameters of the rotor yarn spinneret 

• IN 32-203-01/01 Evaluation of abrasion-resistance of yarns 

• IN 32-204-01/01 Determination of transverse compressibility of yarns
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IN_AOT/IN_46-108-01_01.pdf
IN_AOT/IN_46-108-01_01.pdf


IN 21-108-01/01 Determination of 

geometric properties of fibres

• This internal standard specifies the procedure for obtaining primary (image)

data from fibre slice images prepared according to IN 46-108-01/01. This

procedure can be used to obtain contours of single fibre cuts, contours in a

fibre bundle cut, yarn, flat fabric, etc. Fibre contours obtained from a bundle

of parallel fibres are used according to this standard for further

measurement and calculation of the geometric properties of the fibres.
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For more see exercises…

Křemenáková, D., Rubnerová, J.

IN_AOT/IN_21-108-01_01.pdf


IN 22-102-01/01 Yarn diameter and 

hairiness

• This standard specifies a procedure for measuring yarn diameter and

overall hairiness from longitudinal views of yarn using image analysis

software. The input data for the method are a PC set of longitudinal views of

yarn in the form of binary images. The method is suitable for single yarns in

the fineness range 7-50 tex.
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Voborová, J., Neckář, B.

IN_AOT/IN_22-102-01_01.pdf


IN 22-102-02/01 Cross dimensions of 

two-ply yarn and diameter of single 

yarn, Cross- sections
• This standard specifies a procedure for determining the geometric parameters and

shape characteristics of two-ply and single yarns and a procedure for monitoring

changes in the behaviour of single yarns in two-ply using laboratory equipment for the

preparation of soft yarn cross-sections, image analysis software (e.g. NIS Elements) -

obtaining images of the cross-sections and an evaluation program in the MatLab

environment - obtaining data and graphical output. The method is suitable for two-ply

yarns and single yarns from which the two-ply yarn was made.
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Fig. 1: Plan view of the double skein model with marked parameters D1, D2

Vyšanská, M.



IN 22-102-02/01...continued...
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Illustration of the process of processing the cross-section image of a two-ply yarn (single yarn is subjected to 

exactly the same procedure)

Vyšanská, M.



IN 22-103-01/01 Yarn packing density, 

Direct method and Secant method

The standard specifies the procedure for calculating the packing density of single and

two-component yarns. At the same time, the diameter of the yarn and the number of

fibres in the cross-section can also be determined. For two-component yarns, the

procedure for determining the weight fraction of the components is given. The packing

density and mass fraction can also be determined as a function of the yarn radius. The

direct method is used to calculate the packing density from the real contours of the fibre

sections in the yarn cross-sections, and the Secant method is used to reconstruct the

areas of the fibre sections from the centres of gravity of the fibre sections on the basis of

fineness, density, fibre position and yarn twist. The Secant method is suitable for cotton

yarns or highly twisted yarns of other materials where the contours of the individual fibre

sections are difficult to distinguish.
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Blended yarnSingle yarn – various methods Single yarn – various counts

Křemenáková, D., Rubnerová, J.

IN_AOT/IN_22-103-01_01.pdf


IN 22-103-02/01 Yarn packing density -

Direct method
This standard specifies the procedure for calculating the packing density of

single and double component yarns. At the same time, the yarn diameter and

the number of fibres in the cross-section can also be determined. In the case of

bicomponent yarns, the procedure for determining the mass fraction of the

components is given. The packing density and mass fraction can also be

determined as a function of radius. The direct method is used to calculate the

packing density from the real contours of the fibre cross-sections of the yarn.

The method is an extension of IN 22-103-01/01. Image analysis (NIS Elements)

is used - obtaining images of the sections and their evaluation, as well as a

program in the MatLab environment - data processing and obtaining data and

graphical output.

EXA_01 9

Fig. 1: Sample image with colour and binary plane

Vyšanská, M.

IN_AOT/IN_22-103-02_01.pdf
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IN 22-103-02/01... continued...

Fig. 2: Example of graphic output for single component yarn - 9 cross-sections

Fig. 3: Example of graphic output for two-component yarn - 5 cross-sections

Vyšanská, M.

IN_AOT/IN_22-103-02_01.pdf


IN 22-103-03/01 Yarn packing density -

Isoquantities

This standard specifies a procedure for calculating the density of fibre

distribution in single and two-ply single component free yarns. Image analysis

(NIS Elements) is used to obtain images of the cross-sections and to evaluate

them, and a program in the MatLab environment is used to process the data

and to obtain data and graphical output.
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Vyšanská, M.



IN 22-103-03/01... continued...
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Example of surf chart - distribution of the average number of fibres in an "average" cross-section for single (100%CO, worsted, 

10tex ) and double (100%CO, worsted, 2x10tex, 601 1/m)

Example of graphical representation of the distribution of the average number of fibres in an "average" cross-section with 

single (100%CO, worsted, 10tex ) and double (100%CO, worsted, 2x10tex, 601 1/m) in the direction of the x and y axis (in the 

sense of an oriented cross-section)

Vyšanská, M.



IN 22-105-01/01 Rotor yarn belt fibers

The standard specifies the procedure for measuring and evaluating the belt

fibers of rotor yarns.
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Drašarová, J. 



IN 22-105-01/02 Rotor yarn belt fibers -

modified version

This standard is a modification of IN 22-105-01/01 of 2002 and specifies the procedure

for measuring the lengths of the belt fibers, the distances of the centres of the belt fibers,

the calculation of the number of belt fibers per length of yarn and the covering of the yarn

by the belt fibers using image analysis software (e.g. NIS Elements) - obtaining images

and data outputs and using an evaluation program in the MatLab environment - obtaining

data and graphical output.
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Vyšanská, M.

IN_AOT/IN_22-105-01_02.pdf


IN 22-106-01/01 Determination of the 

covering of the core of spun yarn

The internal standard was created for the purpose of determining the covering

of the core of the spun yarn by means of image analysis. For the

measurements the machine, computer and software equipment of the

Department of Textile Materials is used. This includes image analysis

equipment consisting of the LUCIA G software, a scanning device designated

as a fibre finder (Laboratory Imaging, Prague) and Matlab data processing

software. The method described in this standard is suitable for the

measurement of the obscuration of a core with a differently coloured core and a

sheathed material, or for materials which can be coloured to produce this

colour difference without changing the geometrical structure. The method is not

suitable for the measurement of materials with a core obscuration observed in

lateral projection of more than 4 mm and materials with high hairiness.
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Nováková, J.



IN 22-109-01/01 Directional 

arrangement of fibres in yarn -

tracer fibres

This standard specifies a procedure for taking and processing images of tracer fibres in

yarn and then evaluating the data in order to determine the directional arrangement of

the fibres in the yarn by means of selected parameters. The method is suitable for yarns

with tracer fibres of natural and synthetic materials which are free from any optically

extraneous impurities, contaminants or matting (some of which can be removed by

suitable preparation of yarn samples). The method gives the best results for glossy

viscose and polyamide fibres.

EXA_01 16

Vyšanská, M.



IN 22-109-01/01... continued...
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Vyšanská, M.



IN 22-109-02/01, Directional arrangement 

of fibres in yarn - oblique yarn cross-

sections
This standard specifies a procedure for the processing of images of oblique cross-sections of yarns 

and the subsequent evaluation of the data in order to determine the directional arrangement of fibres 

in the yarn by means of selected parameters. The method is suitable for yarns with a symmetrical 

perpendicular cut and a fibre count of less than 200 fibres.

EXA_01 18

Vyšanská, M.



IN 22-201-01/01 Yarn bending stiffness

The standard specifies both the calculation procedure and the procedure for

measuring the bending stiffness of the yarn using image analysis (LUCIA) and

a preparation in which the fabric is woven at one end and loose at the other. It

is only its own weight that has an effect on it. The method is not suitable for

yarns wound on a sinker because of the bending of the length section. The

recommendations given in the standard apply to cotton yarns.
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Fig. 1 Yarn deflection line representation Fig. 2 Yarn bending stiffness 

tester

Fig. 3 Viewing the image captured by the 

LUCIA software

Kolčavová Sirková, B., Mertová, I.



IN 23-107-01/01 Fabric covering

The standard specifies a procedure for measuring the area coverage of fabrics

by projection on a microscope in transmitted light. The method is not suitable

for densely finished fabrics.

EXA_01 20

SObjects

SField

= Porosity 

SObjects

SField

= Covering  

Covering = 1-Porosity

Drašarová, J. 

IN_AOT/IN_23-107-01_01.pdf


IN 23-108-01/01 Definition of the 

geometry of thread interlacing in cross-

sectional fabric
The standard specifies a procedure for measuring the basic geometry of the

interlacing of threads in the fabric from cross-sections through the fabric.
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Kolčavová Sirková, B., Vyšanská, M.

IN_AOT/IN_23-108-01_01.pdf


IN 23-110-01/01 Comprehensive evaluation 

of the surface structure of textiles

The test is based on the principle of optical detection of the transverse profile of the

surface of the textile material. The measurement and evaluation of the surface roughness

is performed by scanning virtual cross-sections of the textile or the interface between the

surface of the transverse profile of the textile and the background in a randomly selected

section of the textile sample. The scanning of individual virtual cross-sections is

performed at defined, constant distances of the sample displacement in the

measurement direction. The image of the textile surface relief on the measuring edge is

subsequently recorded and processed after each frame. From a series of images of

virtual cross-sections of textile samples, standard characteristics of the geometric texture

of the surface are calculated, including the replacement of the curves describing the

interface of the virtual cross-sections of the textile sample by a Fourier series. The

standard geometric texture characteristics describe surface roughness, unevenness and

shape heterogeneity. The output of the measurements are standardized surface

roughness values such as MAD, SD, TP and other characteristics specified in Ch. 8. An

alternative method suitable for non-contact evaluation of surface relief is represented by

the use of spatial statistics tools (autocorrelation function, variogram) and fractal

dimension.
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Bleša, M.



IN 23-110-01/01... continued...
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Fig. 6: illustration of semivariograms constructed in column, row, 

diagonal and omnidirectional directions

Bleša, M.



IN 23-111-01/01 Methodology for detecting 

non-uniformity of fabric images

The standard describes a methodology for detecting the visual non-uniformity of a fabric

based on the variation of grey levels in the fabric image. The fabric image can be

obtained by taking a photograph of the fabric sample or the fabric appearance generated

by the Uster-Tester IV can be used.
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Fig. 1 Recommended fabric sampling

Real fabric
Area Variation Curve

Moučková, E., Jirásková, P.



IN 23-203-01/01 Objective determination of 

the degree of pilling of fabrics

The standard specifies a procedure for measuring the pilling of fabrics by projection on a

microscope in transmitted light. The method is not suitable for very dark fabrics and

fabrics with a distinctive pattern.
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Colour image

Grey image

Final binary image 

after morphological 

operations

Mertová, I.



IN 32-102-01/01 Cross dimensions of 

two-ply yarn and diameter of single 

yarn, Longitudinal views
This standard specifies the procedure for measuring the geometric parameters

of two-ply yarn and single yarn diameter using image analysis software (e.g.

NIS Elements) to obtain images and an evaluation program in the MatLab

environment to obtain data and graphical output. The method is suitable for

both two-ply yarns and single yarns.
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Real yarn with dimensions Maxs, Mins, 

D1

Vyšanská, M.

IN_AOT/IN_32-102-02_01.pdf


IN 32-102-02/01 Geometric parameters 

of the rotor yarn spinneret

This standard specifies the procedure for measuring the basic geometric

parameters of the skein and calculating their ratios to the parameters of the

yarn without skeins using image analysis software (e.g. NIS Elements) -

obtaining images and using an evaluation program in the MatLab environment -

obtaining data and graphical output.

EXA_01
27

Vyšanská, M.



IN 32-203-01/01 Evaluation of 

abrasion-resistance of yarns

This standard specifies the procedure for the evaluation and data processing of

the abrasion-resistance of yarns.
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It is based on the 

definition of the 

transverse 

dimensions of the 

two-ply yarn.

Fig. 1: 100% CO 2x29,5tex - after abrasion stress 50% of the cycles required to 

damage the yarn (calibration 3,72mmpx-1, image resolution 548pxl x 704pxl)

Fig. 2a, b, c: 100% CO 2x29.5tex before post-stress abrasion 50% of the 

cycles required to damage the yarn (calibration 3.67mmpx-1, image resolution 

548px x 704px)

Krupincová, G.



IN 32-204-01/01 Determination of 

transverse compressibility of yarns

This standard specifies the procedure for evaluating and processing data for

determining the transverse compressibility of yarns between parallel plates.
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a, b ...charakteristické rozměry

p .......tlak působící na přízi

1, 2 ....tuhé rovnoběžné desky

3 ........tvar deformovaného průřezu příze

Compression between two parallel plates

Longitudinal view of uncompressed and compressed section of 

16.5tex

Krupincová, G.


