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Abstract: In this work the approach are based exactly on surface – structural characteristics of textile samples and the main idea was to examine the approach using fuzzy logic based technique in order to provide the method that would include surface parameters of textile samples that are of importance in colour applying on a different structured textile surfaces The results obtained confirms the possibility of using the linguistic form of fuzzy logic that allows any subjective as well as objective parameter to be processed, which is of significant importance in studying the influence of textile surface structure parameters on colour appearance.
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1. Introduction
As textile is a highly heterogeneous in its structure, it is often a difficult task to achieve the satisfactory colour similarity on the different structured textile materials. In literature the number of reports about modeling the colour appearance of structured materials can be found (Joaneli et al, 2006; Tominaga, 1996; Tsoutseos & Nobbs, 2000). One of the most unconventional approaches was made by Allen and Goldfinger (Tsoutseos & Nobbs, 2000). The modern approach to improved colour matching is through application of fuzzy logic system in aim of achieving the advanced way of observing the influences of surface structure to colour similarity. It is a rule – based approach which is tolerant of imprecise data and any set of input-output data can be created as a fuzzy system (Cheetam, 1997; Wenstop, 1980). In this paper the fuzzy logic based approach was performed in studying the influence of a different textile surface structure on colour appearance and similarity. In this paper the results of an extensive study will be presented on a one, most indicative, case. 
2. APPROACH
For the analyze the two 100% cotton knitted samples were chosen. 
	Horizontal density Dh
	11.60 stitches/cm

	Vertical density     Dv
	14.00 stitches/cm

	Thickness
	0.956 mm

	Mass per m2 
	283 g/m2

	Yarn fineness
	basally fiber – 24 tex (front side)

coating fiber – 59 tex (back side)


Tab. 1: Characteristics of chosen textile samples
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Fig 1. CCD Digital camera scans of samples
The constructional characteristics of the two samples are identical (Tab. 1), but since the samples were made in a different process of knitting, they have significant difference in a surface structure (Fig.1). First the both sample were dyed in four basic concentrations of dyestuff: 0.25%, 0.75%, 1.4% and 2%. Afterward, samples were measured spectrophotometrically and the K/S values were compared in order to establish is there any difference in equally dyed samples regarding the specific surface structure. Further, the sample 1 was chosen as the standard (reference sample). Its data, obtained by the spectrophotometric measurement, were stored in a computer database and were used as the reference data in a further work. The computer matching (CMP) on sample 2 according to reference sample was performed, for determining the suitable concentration of dyestuff in relation to specific surface spectral characteristics of sample 2. A yellow shaded direct dyestuff suitable for cotton dyeing commercially named Tubantin Yellow 3R was used in experimental work. For usage of this technique the computer database of spectrophotometric data for chosen dyestuff and for each type of substrate used in the experimental work are required.  The fuzzy logic system was constructed using MATLAB and Fuzzy Logic Toolbox. Fuzzy logic system was created with the input space based on terms that would define the surface characteristics of samples and through the set of rules, provide the output space which would be the change of dyestuff concentration in dependence of the characteristics defined for one chosen sample. The structure of the input space created based on five linguistic variables – defined as thickness, roughness, gloss, thread density and the dyestuff concentration and the output space, is shown on Fig. 2. 
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Fig. 2. Schematic description of a fuzzy logic system
For each linguistic value the membership function was determined. The degree to which the inputs belong to each of the appropriate fuzzy sets is determined via membership functions. Three built-in membership functions were used (smf, zmf and pimf). Its graphs are given in Fig. 3.
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Fig. 3: smf membership function with parameters a=1 and b=8;  zmf membership function with parameters a=3 and b=7; pimf membership function with parameters a=1, b=4, c=5 and d=9 is shown. 

60 if–then rules were created following the example: If thickness is low and roughness is middle and gloss is low and thread density is low and dyestuff concentration is very low then change of basic dyestuff concentration is middle. For the implication the two built-in methods from Fuzzy Logic Toolbox are supported: min (minimum) and prod (product). In this paper the min methods for implication is used. The min method for AND operator and max method for OR operator were used and also the max method for aggregation was used. For deffuzification the centroid method was used. These 60 if–then rules were defined based on experimental knowledge.

3. RESULTS AND DISCUSSION
For samples composed of the same materials variances may be seen in colour due to differences in a smoothness or gloss of the surface. Colour of textile surfaces may appear different if the surface conditions are changed, because the amount of specular reflectance and diffused reflectance changes. Since the human eye view only the diffused light, it is expected that, for the viewer, the differences in surface quality will influence the difference appearance of colour. So it can be said, that because of certain subjective elements, human eye recognized the changes in surface as the changes in colour. In this paper the aim was to find a way of including this subjective elements that influence the colour appearance into a studying the colour matching. 
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Fig. 6 K/S vs. concentration relationship for tested sample

Observing the results of samples dyed in four basic concentrations through K/S value (Fig. 6), it can be seen that the surface of sample 1 (smoother surface) produce lower K/S value of the same amount of dyestuff, as the result of the higher reflectance from the smoother surface. It is in correlation with the K/S value obtained higher for sample 2 (rougher surface) which confirm the influence of surface structure on appearance of colour and showed that the rougher surface, even equally coloured, will perform deeper colour. Based on results which indicate the necessity of a dyestuff concentration correction (Fig. 6), as the next step the "CMP" procedure was performed. For sample 2 the dyestuff concentration correction was performed based on the reference sample data (sample 1) stored in database. The corrected concentrations are shown in Tab. 5. 
	Basic dyestuff concentrations (%)
	0.25
	0.75
	1.4
	2

	New concentrations obtained by the CMP operation

	Sample 2
	0.22%
	0.68%
	1.25%
	1.53%

	New concentrations obtained by Fuzzy logic system

	Sample 2
	0.165%
	0.69%
	1.21%
	1.50%


Tab. 5: Dyestuff concentrations provided by CMP and Fuzzy system based on corresponding concentration of reference sample
The final step in the experimental work was to test the fuzzy logic system. The fuzzy logic system does not give any answer on colour, but shows how, based on set of rules, to make the correction in dependence on different surface structures. The output variable providing the results of concentration change is shown in Tab. 5. The textile samples were dyed in obtained concentrations and spectrofotometrically measured afterwards. The values of colour parameters obtained for sample 2, dyed in corrected concentration obtained by CMP and Fuzzy system, were compared to colour parameter values of sample 1 (reference sample) and the colour difference values (dECMC) were calculated (Fig. 7.).
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Fig. 7: colour difference values obtained for sample 2 compared to reference sample 1, for four basic dyestuff concentrations corrected in CMP and Fuzzy system

The colour differences (dECMC) obtained for fuzzy logic system are lower and closer to value of 1 (in the range of agreed tolerances which is for textile set on dECMC ≤ 1) comparing to those obtained with CMP system. The results obtained confirms the possibility of using the linguistic form of fuzzy logic that allows any subjective as well as objective parameter to be processed, which is of significant importance in studying the influence of textile surface structure parameters on colour appearance.

4. CONCLUSION
The possibility of fuzzy logic based reasoning application is confirmed, but further study of the subject is necessary with detailed analyze of a fuzzy logic rule construction. The results obtained confirmed that the fuzzy based system can react on change of surface structure parameters, which is result of proper definition of rules and defined linguistic variables that use words for assigning values of properties that influence the experience of an observer (gloss, smoothness, roughness, etc.). The analysis and the results shown in this paper are the preliminary part of a research but they indicate the further research since it has been confirmed that fuzzy based system can be applied for surface structure influence evaluation. 
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