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Summary: In this paper, accepted methods of graphic approach to print and printed surface analyses are applied on textile surfaces. Based on dot gain value (DG), indirectly, the influence of specific textile surface structure on color reproduction of CMYK system was pursued, in screen values 0 – 100%. Five textile substrates different in type (cotton, cotton/elasthan, cotton/flax, PES), whiteness and surface structure were tested. In dependence on surface structure of textile samples, different dot gain values (DG) was obtained for all colors of CMYK system. Allowed dot gain as well as allowed tolerances for color parameters for CMYK system, in graphic technology, is set by ISO standard. Although the standard mentioned is applied in graphic technology of paper printing, in this paper it was compared to results obtained for textile samples in aim of detailed analyze and unifying the print quality on textile with other technique of reproduction. In aim of confirming the influence of textile surface structure on dot gain values (DG), the analyze of color parameter obtained by spectrophotometric measurement for each tested surface and each screen value was performed. Results obtained are shown in a*/b* diagram for three basic CMY colors and by relations of lightness L* and chroma C* parameter for each color of CMY system and each surface in defined range of screen values. Also, the color differences between standard and tested samples are obtained, for full printed surface, for each color. Obtained total color difference value (dE), and color parameters difference values (da*, db*, dL*, dC*, dh*) are shown. In paper is confirmed that applying the graphical analytic method allows the possibility of predicting the shifts in color reproduction for tested samples, and also allows the procedure of computer correction dot gain (DG) values in process of pattern screen production, which will assure reproduction of color in satisfactory quality. 

1. Introduction
The significance of a four color printing technique in CMYK color system, as a graphic printing method, increases daily in textile technology, because of the possibility of transferring any multicolor design on textile surface using only four colors, which contribute to economic and ecologic usage adequacy.

Graphic four – color printing method on textile can be applied as digital printing method or screen printing method. Each of these techniques has certain advances and faults [1] and usage of one of these technologies depends on required quality as well as the required quantity of a printed textiles. The basic advances of digital textile printing is in minimal waste of material and chemicals [2], while the basic advances of screen printing is in printing costs while printing the large quantities of textiles. Comparing the usage of techniques mentioned on textile, screen printing is used in 89% of all production [3]. Such significant usage percentage refers to larger quality of pigments [4, 5, 6], possibility of creating uniform layer of printing ink [7], and possibility of printing large quantities of textile of different surfaces.  
Fineness of screen used in screen printing technique will depend on chosen pigment and expected quality of print. Total quality of print on textile is defined by means of homogeneity of squeezing the printing ink through printing screen. Homogeneity of printing ink squeezed through printing screen is defined on print elements of full surface, or on elements of halftones defined as raster value elements. Visual experience of a certain color, primarily experience of halftones, is defined by changes which occur due to deformations of raster elements which form the experience of halftone. Deformation of such elements can occurs due to a changes in printing ink viscosity, differences of printing forces, differences in textile apsorptivity, the quantity of solvent in printing ink, drying velocity and differences of adhesive forces between printing ink and textile surface. But, the visual experience of printed surface will also be in relation to a surface structure of a textile material. Problem in applying such method in textile, certainly lies in reproducibility which is, due to a specific surface structure and other parameters depending on textile material finishing, diversified.      
1.1. Graphical elements of defining printing quality
For achieving quality of print in screen printing, primarily in reproduction of fine lines [8], full surface and halftones, crucial is to achieve optimal dilatation of screen during squeezing printing ink. While transferring the printing ink through screen, some undesirable deformations of printed elements which form the multicolor design, can occur. Dilatation of screen is defined by length and width. Dilatation of screen by length is defined by the following expression [9]:
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where L1 is deformed length, L0 is non deformed length, x is a shift of squeegee, and h is screen distance from substrate.

Screen dilatation by width is defined by following expression:
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where w1 is deformed width, w0 is non deformed width, and h is screen distance from substrate.
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Picture 1: Screen dilatation by length
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Picture 2: Screen dilatation by width 
By decomposing the raster elements, the portion of each of four basic CMYK colors in given multicolor picture, can be defined. The printing is performed by printing the four basic CMYK colors on top of each other in strictly defined relations (4). The amount of each basic color enables the visual experience of every other color in printed picture. Dosage of each basic color is performed based on defined set of elements which mutually cover certain surface. Basic raster element, which defines the amount of printing ink in screen printing, is the size of screen mesh through which the printing ink is squeezed. In screen printing technique, the deformations of raster elements commonly occur influenced by various parameters of which the most significant is parameter of textile surface structure. 

Deformation of raster elements, which can be expressed by dot gain value (DG), occurs while transferring the printing ink on textile. Spreading of raster element occur due to adhesion of printed material [10]. So, the dot gain value (DG) is difference between real and proposed size of raster element. Considering that each printing ink has its own viscosity and drying velocity, in multicolor printing where each basic color is printed on top of each other, (which leads to a differences in adhesive forces between ink and textile), each color shows different dot gain (DG) value. Different DG makes the experience of a printed textile more or less satisfactory in quality. Print can appear reddish, bluish, yellowish, darker, lighter, etc., from the expected. 

DG value can be defined as geometrical and optical. Geometrical dot gain (DG) occurs while raster element changes its size in surface due to mechanical impact of shear, doubling and smear. Changing the size of raster element surface can be positive or negative.  
Optical dot gain (DG) is, in fact, optical illusion when raster element seems bigger than its real size. The optical DG occurs due to a side diffusion of light inside the surface of a printed substrate [11]. Due to interaction of light and printed substrate, the raster element consist the shadow on the edges and appear to be bigger which contribute to darker appearance of print. Optical DG always appears while the printed picture is observed under reflected light [11, 12, 13, 14, 15, 16, 17].
Total dot gain value (DG), which is sum of geometrical and optical DG, can be calculated by Murray – Davies equation where the real coverage (Fa) is;
Fa (%) = (( 1 - 10 –Dr )  / ( 1-10 –Ds )) x 100






(3)

where Dr is density of halftone color and Ds is density of color of full surface. DG value can be calculated as difference between real (Fa) and proposed coverage value FD [18].

DG (%) = Fa – FD









(4)

So, total DG is value of increment or decrement of raster element in relation to proposed size. 
In this paper the influence of textile surface structure and its natural color (whiteness) on halftone reproduction in screen printing of textile in CMYK color system, was investigated by applying graphic elements of print quality defining. Five different textile surfaces of different structural constitution (cotton, cotton/elasthan, cotton/flax, PES), different whiteness and surface structure were used. On chosen textile samples the fields printed in basic CMYK colors in screen values from 0% till 100%, were analyzed. Screen values define raster density of each basic color, respectively the portion of given color in final multicolor product. While transferring the multicolor picture on textile in four color printing technique, the influence of color and structure of textile surface is most significant in halftone reproduction, respectively in reproduction of hues with lower saturation. 

Investigation is performed based on densitometry and spectrophotometric measurements on printed surfaces of chosen textile samples. Color parameters of uncolored and printed samples, and graphic parameters of print quality were defined (measurement of amount of drifted printing ink, calculation DG value and definition of correction values for each of four colors on each tested surface).   

2. Experimental
2.1. Samples selection
Five different textile surfaces of different structural constitution, different whiteness and surface structure were chosen. Spectrophotometric measurement of whiteness and natural hue (h() of chosen samples and scanning of surface structure using SEM electronic microscope (Tescan FE-SEM MIRA//LMU-IB, enlargement 28x), (Table 2), were performed. Spectrophotometric measurements were performed using the remission spectrophotometer, DataColor, Spectra Flash 600 (measurement aperture 0,5 cm). Characteristics of chosen samples are shown in Table 1. 

Table 1: Characteristics of chosen textile samples 

	Sample
	Characteristics
	Fabric wave
	Whiteness  (CIE)
	Hue (h()

	Sample 1
	Fabric
	100% cotton
	Plain 1/1
	131,12
	290,49

	Sample 2
	Fabric
	100% cotton
	Twill 2/2
	66,87
	90,67

	Sample 3
	Fabric
	Cotton /Flax
	Plain 1/1
	50,24
	93,55

	Sample 4
	Fabric
	100% PES
	Twill 2/2
	61,29
	95,7

	Sample 5
	Knitwear 
	Cotton/Elasthan
	
	139,39
	290,24


Scans of surface structure of chosen samples, obtained by means of SEM electronic microscope, are shown in Table 2. 
Table 2: SEM scans of surface structure of chosen samples (enlargement 28x)
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	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5


In further experimental work, the printing of chosen textile substrates were performed. 
2.2. Screen and dyestuff selection
For textile samples printing the screen of 120 threads/cm density was used as well as industrial printing inks suitable for textile printing of SERICOL manufacturer in basic hues: Nylotex NX 165 Seriton Magenta,  Nylotex NX 065 Seriton Yellow GS, Nylotex NX 230 Seritone Cyane and Nylotex NX 001 Black. 
2.3. Methodology 
On each textile surface, the control fields in screen values 0% - 100% were printed in each color of CMYK color system (control strip, Picture 3.). Based on printed control strips, in further work, the calculation of DG increase will be calculated in dependence of a textile surface. 
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Picture 3: Control strip in screen values 0% - 100%  
On printed surfaces the densitometry was measured and also the spectrophotometric measurement was performed. Densitometry was measured using SpectroEye spectrophotometer of X – Rite manufacturer (measurement aperture 0,3 cm). Based on densitometry measurement (measurement of color density based on surface reflectance) the color density of halftone (DR) and full colored surface (DS) were defined. Based on these values, using expression 4, the increase of raster elements (DG) for each surface, each color of CMYK color system and each field of colored strip will be calculated (Pictures 5 – 9). Also, the integral density of full surface color (Di) was defined, and obtained values for each sample and each color are shown in Table 3. Di value is defined based on the expression (5):
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where S is total measured surface and Sa is colored surface.
Table 3:  Printing ink drift (Integral density of full surface color) Di
	
	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5

	Color
	Di

	C
	1,39
	1,01
	0,76
	1,47
	0,97

	M
	1,37
	1,08
	0,88
	1,36
	0,72

	Y
	1,49
	1,38
	1,27
	1,45
	1,46

	K
	1,5
	1,05
	1,19
	1,36
	0,98


Also, spectrophotometric measurement of prints was performed for each tested sample, each color of CMYK color system and each density of raster (screen value). Spectrophotometric  measurement was performed using remission spectrophotometer DataColor, Spectra Flash 600 (measurement aperture 0,5 cm). CIEL*a*b* values of color parameter were defined. Values of a*/b* color co-ordinates are shown graphically in a*/b* color space (Picture 10). Also, the relation of lightness L* and chroma C* value of tested samples are shown. In final phase of experimental work, the color differences between standard values defined by ISO 12647-5:2007 standard for each color of CMYK and tested samples, were defined. Color difference values (dEab) were defined only for highest screen value (100%), because the tolerance values defined by international ISO standard refer on values of full color surfaces.   
3. Results and discussion
Due to the economic – ecological reasons, in textile printing increasingly are applied techniques which implies usage of lesser screens and colors. The aim is to achieve standardization which will ensure the printing method with acceptable ecological parameters (decrease of unnecessary usage of large quantities of ink, etc.), and will assure satisfactory quality and reproducibility. In this paper, accepted methods of graphic approach to print and analysis of printed surfaces were applied on textile samples. Based on dot gain values (DG), indirectly was investigated the influence of specific textile surface structure on color reproduction of CMYK color system, in range of screen value 0 – 100%.        
In printing process the aim is to achieve print with dot gain value (DG) equal for all four colors of CMYK system. DG values which are necessary to achieve are defined, for graphic technology of paper printing, by international standard ISO12647-5:2007, and are the same for each color. 

In further work the comparison of obtained values of total DG for tested samples with standard values was performed, which is shown graphically on Pictures 4 – 8. 
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Picture 4: Dot Gain values for prints on Sample 1 (Cotton fabric, plain fabric wave)
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Picture 5: Dot Gain values for prints on Sample 2 (cotton fabric, Twill fabric wave)
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Picture 6: Dot Gain values for prints on Sample 3 (Fabric cotton/flax, plain fabric weave)
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Picture 7: Dot Gain values for prints on Sample 4 (PES –fabric)
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Picture 8: Dot Gain values for prints on Sample 5 (Cotton – knitwear)
In dependence of a surface structure of textile samples (Table 2), different total DG are obtained for all color of CMYK system. Considering color, on each print the total DG is highest for yellow color. 

In aim of confirming the influence of textile surface structure on total DG value, the analyze of color parameters of measured prints for each tested sample and each tested screen value were performed. Obtained values are shown in a*/b* diagram for three basic CMY colors (Picture 10). For black (K) color the analyze was not performed cause black in CMYK system does not influence the basic hue value but only emphasize the contrast of printed design. 
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Picture 9: a*/b* diagram of tested printed samples 
In can be seen that, for yellow color, independently of textile surface, with increase of screen value (density of printed raster) chroma of printed surface also increase, with no significant change in color hue  (h(). 
Textile surface structure influence and specificity of color hue itself are emphasized for cyan (C) and magenta (M), where the change of hue in dependence of substrate can be noticed. 

It can be assumed that hue discrepancies obtained, also, are result of natural hue of textile substrate (whiteness) which influence on final hue experience, more emphasized for lower screen values. 

By presenting the results in a*/b* diagram, the all three color dimensions cannot be presented. So, in further work, the relation of lightness value L* and chroma C* is shown for each color of CMY system and each surface in given range of screen value. L*/C* relations are shown graphically on Pictures 10 – 12. 
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Picture 10: L*/C* relation for magenta (M)
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Picture 11: L*/C* relation for yellow (Y)
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Picture 12: L*/C* relation for cyan (C)

In L*/C* diagram for yellow hue (Picture 11), there is no significant change of lightness with increase of chroma (with increase of screen value). This arises from specificity of yellow hue which is characterized by high own lightness and total saturation on high levels of lightness L*. 

But, interaction of surface characteristics and color is confirmed for cyan (Picture 12) and magenta (Picture 10). For cyan and magenta the increase of lightness value is obtained in proportion with increase of RTV value and chroma. The difference in behavior of samples 1 and 5, in compare to other samples, can be seen. Samples 1 and 5 are characterized with high whiteness (Table 1) and equal natural hue. Surface structure of samples 1 and 5 is also equable although they are constructional different (sample 1 – fabric, sample 5 – knitwear). This confirms that for characterization of surfaces all three color parameters must be taken in account (lightness, hue, chroma). 
The aim of this paper was to apply graphic method of print quality defining in four color print, on textile materials. By pursuing the dot gain (DG) values, the influence of textile surface structure on reproduction of four basic colors of CMYK color system, was investigated. Allowed DG as well as allowed tolerances in color parameters for colors of CMYK system, in graphic technology, are defined by ISO standard. Although the standard mentioned is applied in graphical technology of paper printing, in this paper the same standard was compared with results obtained for textile surfaces in aim of detailed analyze and unifying the prints on textile substrates with other techniques of reproduction. 
The color difference values were defined, between standard set and tested samples, for each color and for highest screen value (for full printed surface value). Total color difference values, (dE), as well as color differences in color parameters  (da*, db*, dL*, dC*, dh*), are shown in Table 4. 
Table 4: Total color difference value (dE) and color parameter differences for tested samples in compare to set standard
[image: image21.png]Standard

1SO Standard for Cyan (C)

Sample dL da db dc dn dE
Sample 1_RTV 100 846 | 2065 | 747 | 1521 | 1571 | 2344
Sample 2_RTV_100 195 | 1959 | 1544 | 2274 [ 1024 | 25.02
Sample 3_RTV_100 285 | 1883 | 2202 | 2849 | 529 | 2942
Sample 4_RTV 100 1144 | 1981 770 | 1548 | 1456 | 24.14
Sample 5_RTV 100 051 | 2274 | 1760 | 2581 | 1268 | 28.76
Standard

1SO standard for Yellow (Y)

Sample dL da db dc dn dE
Sample 1_RTV 100 762 | 2277 | 1411 | 1459 | 2246 | 2785
Sample 2_RTV_100 878 | 2283 | 1074 [ 1127 | 2262 | 266
Sample 3_RTV_100 972 | 2353 | 942 | 1007 | 23.26 | 2715
Sample 4_RTV 100 850 | 231 | 1343 | 1368 | 22.79 | 27.90
Sample 5_RTV 100 939 | 2144 | 429 | 380 | 2154 | 23.80
Standard

1SO standard for magenta (M)

Sample dL da db dc dn dE
Sample 1_RTV 100 349 | 2027 | 1585 | 19.35 | 1695 | 2596
Sample 2_RTV_100 4.95 | 3255 | 13.94 | -31.77 | 1564 | 3576
Sample 3_RTV_100 4.97 | 3284 | 1442 | 3195 | 1631 | 36.21
Sample 4_RTV 100 435 | 19.76 | 2110 | 1759 | 2294 | 2923
Sample 5_RTV 100 633 | 3644 | 842 | 3645 | 837 | 3793
Standard

1SO standard for black (K)

Sample dL da db dc dn dE
Sample 1_RTV 100 369 055 | 114 1.26 0.00 3.90
Sample 2_RTV_100 26.21 012 114 115 000 | 2623
Sample 3_RTV_100 18.91 039 1.95 197 | 001 | 19.01
Sample 4_RTV 100 370 018 | -0.64 067 0.00 376
Sample 5_RTV 100 13.29 146 | 212 758 000 | 1354





High values of total color difference, dE, assumes the impossibility of comparison of obtained values on textile surfaces and values set by standard, due to significant difference in media.  

Paper is, by its structure, in compare to textile more homogeneous. But based on such unacceptable results, it is confirmed that in process of for color print on textile, which is heterogeneous in its structure, it is necessary to perform certain corrections of dot gain (DG) value to obtain values closely to those set by the international standard (ISO). 

Different values of dot gain (DG) point out the problem of repeatability of process because it is not possible to predict the final appearance of print. Also, differences obtained for DG values imply the possible discrepancies in color reproduction in dependence of sort and specificity in textile substrate surface structure. From the DG value it is possible to predict the shifts in color reproduction on tested textile samples. 
In Tables 5 – 9, the values of corrected DG, calculated from the differences of obtained DG values for tested samples and standard, are shown. Considering discrepancies of DG values obtained for textile in compare to standard, it is necessary to perform computer correction of DG values in process of screen pattern construction. This would assure the expected quality of print on textile. 

Calculated correction values for tested textile samples, as well as for all colors of four color print, are shown in Tables 5 – 9. 

 Table 5: Correction values of DG for prints on Sample 1, (Fabric, cotton, plain).

[image: image22.png]Sample 1

Color _|Screen value
o [ 10 | 20 30 40 [ 50 60 70 80 90 100
Correction of dot gain value
[ 0 -0.96 -3.44 -3.77 -7.26 -7.78 -6.73 -5.96 -3.82 -0.97 0
M 0 -0.97 043 -2.19 -4.72 -4.71 -1.74 0,66 -052 0,52 0
Y 0 -3.09 -5.12 -8.14 -11.73 -15.51 -18.25 -15.52 -9.36 -2.66 0
K 0 1,35 =511 -9,59 -10,51 -12,90 -1048 -10,27 -3,56 -1,60 0





Table 6: Correction values of DG for prints on Sample 2, (Fabric, cotton, twill).  
[image: image23.png]Sample 2

Color _|Screen value
0 10 20 30 40 50 60 70 80 90 100
Correction of dot gain value
[ 0,00 -1.40 -0.65 -6.27 -4.57 -5.78 -4.71 -0.87 2,15 173 0,00
M 0,00 3.52 8.40 7.57 5.67 4.26 4.94 11.35 13,22 9.79 0,00
Y 0,00 -3.18 -7.19 -6.98 -12.24 -16,99 -19.04 -14.21 -1.21 -2.35 0,00
K 0,00 1,00 -5,56 -7.25 -7.05 -743 -13,63 -2.84 -4.98 -4.06 0,00





Table 7: Correction values of DG for prints on Sample 3, (Fabric, cotton/flax, plain)   
[image: image24.png]Sample 3

Color _|Screen value
o [ 10 | 20 30 40 [ 50 60 70 80 90 100
Correction of dot gain value
[ 0,00 3.24 2,38 2,35 -1.89 -0.97 2,03 5.98 5.54 445 0,00
M 0,00 6.00 547 8.44 7.36 7.84 6.89 10,95 13,64 9.42 0,00
Y 0,00 -3.30 -16,23 -14.87 -16,37 -19.48 -20,60 -13.40 -11.69 -3.02 0,00
K 0,00 -1,14 0,09 -4 .63 -4.39 -4.32 -4.18 2,97 4,03 3,55 0,00





Table 8: Correction values of DG for prints on Sample 4, (Fabric, PES). 
[image: image25.png]Sample 4

Color _|Screen value
o [ 10 | 20 30 40 [ 50 60 70 80 90 100
Correction of dot gain value
[ 0,00 3.64 0,59 -1.90 -6.92 -7.35 -8.52 -4.88 -1.20 2,33 0,00
M 0,00 1.29 0.41 119 -0.56 -1.35 -1.81 1.91 2,82 0.65 0,00
Y 0,00 -9.43 -13,95 -18,00 -22.34 -21.78 -21.24 -17.00 -1 -4.36 0,00
K 0,00 -0,98 -540 -8,59 -14 66 -11,88 -12,09 -10,21 -6,86 -2.81 0,00




  
Table 9: Correction values of DG for prints on Sample 5, (Cotton, knitwear).  
[image: image26.png]Sample 5

Color _|Screen value
o [ 10 | 20 30 40 [ 50 60 70 80 90 100
Correction of dot gain value
[ 0,00 3.00 3.55 -0,86 -3.51 -2.56 -4.26 5.37 8.83 6.79 0,00
M 0,00 6.00 9.75 11.61 13,36 11.98 13,90 15,38 16,16 9.64 0,00
Y 0,00 -0.11 2,58 -1.92 -6.96 -7.40 -10,02 -5.92 -1.27 153 0,00
K 0,00 -1,00 1,37 1,11 -5,88 -4.99 -7,20 -173 537 142 0,00




 
Values obtained confirm that the dot gain (DG) value is highest for yellow hue, independently on surface, so for yellow color significant correction must be performed, more emphasized in the range of middle screen values.  This arises from specificity of yellow color which is characterized by its own lightness and maximal saturation on high levels of lightness. 
By such calculations for each surface and each color in "color management", the matching and correction in aim of achieving the satisfactory quality of reproduction can be obtained.  

4. Conclusion
Based on results obtained for tested samples, it was confirmed that the chroma parameter (color saturation) increase proportionally with screen value increase.  Although the correlation between chroma and screen value is confirmed, to consider complete issue it is necessary to perform the characterization of surface based on all color parameters (L*, a*, b*, C*), which is especially emphasized for colors cyan (C) and magenta (M).

Calculating the correction values for dot gains (DG), for each color of CMYK and for each tested surface, it is possible to achieve reproduction of exactly defined color. That assures the repeatability of printing procedure and reproduction of colors in satisfactory quality, independently of surface characteristics. By such process the possibility of errors decrease which assure economical – ecological justification of procedure, as well as the possibility of process repeat with minimal discrepancy in color tolerance.  
Considering more and more significant role of computer technology in printing processes (on – line leading and control of the process), such graphic analytical methods in "color management" allows achievement of satisfactory quality of reproduction for each color of CMYK system. 

Applying graphic analytical methods in textile printing, it is obtained that the analyze of dot gain can be used as method for pattern construction in screen production with assured higher quality of print, repeatability and economical – ecological justification. 
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