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Abstract: In textile industry the technologists are faced with problem how to arrive at the perfect match of a colour appearance on different substrates and medias, from the textile and paper surfaces, to transparent surfaces, digital displays, fashion photographs, etc. All these tasks require precise judgement, which is rather imprecise and expensive if it is based on subjective evaluation. Therefore demands on precise instrumental colour quantification were set. Also the demands on precise tolerance level were set, which is especially important in computerized production processes and colour quality control. In practice, the tolerances in colour reproduction are usually set by the producer and the customer on the level of total colour difference value, dE. The problem arises from the fact that dE value does not give the information on nature and magnitude of a difference between sample and the requested standard. This is especially emphasized for the hues which are near to achromatic area. In this paper, the hues near achromatic area were analyzed (a* < +/-1,5; b* < +/-1,5), on the lightness level L*( 80 (ecru hues) and lightness level L*( 40 (dark grey hues). Also the importance of precise setting of tolerance level for each colour parameter (dL*, da*, db*) is pointed out, which are the bases for colour difference value, dE, calculation. 

Key words: colour reproduction, colour tolerances, colour difference, colour parameter differences, achromatic area. 
1. INTRODUCTION 

Acceptance of the CIE system, the first standardized mathematical system for numerical colour parameters and colour differences quantification, in 1931., has been the most important step in development of a modern colour science (Shah, S. H., Gandhi, R. S., 1990; Wyszecki, G., Stiles, S., 2000; Choudhury, A. K. R., 1996).

The first mathematic adequate for colour calculations performed by analogue mechanisms has been published in 1944 by Park and Stearns. Although the commercial application of computer methods in colourimetry stats with development of digital computers in 1960.

The application of of computer methods in the field of light interacting with coloured surface phenomena analyze, was first disclosed by  Alderson, Atherton and Derbyshire, in 1961. (Choudhury, A. K. R., 1996; Luo, R., 1996). 

In industrial processes, the most important is to create the acceptable "colour management”, respectively the acceptable colour measurement and precise colour parameters as well as the colour differences evaluation processes. Instrumental colour measurement follows the principles of visual colour appearance, which implies the principles of additive colour mixing (red, blue and green). However, for the hues that are placed near to achromatic area, the significant differences between the colour hues cannot be achieved from which the problem of colour quality evaluation arises. 
The limits of tolerances, in coloured product quality evaluation, are set in dependence of the product, its purpose, and often the significance of the colour hue is emphasized as well as the colour difference values, dE (Luo, R., 1996; Chou, W., et al. 2001; Parac – Osterman, Đ., Joanelli, M., 2002; Joaneli, M. I., Parac – Osterman, Đ., Golob, D.,2006).



The problem is that the dE values do not provide the complete information about the magnitude and the nature of colour differences. In CIEL*a*b* colour space, the colour differences are defined also by calculating the differences of colour parameters such as lightness difference, dL*, coordinate a* difference, da* and coordinate b* difference, db*.
Acceptable colour parameters limits of tolerance are:

dL* = 1,2 – 2; dC* = 0,8 - 1,5; dH* = 0,5 - 0,8; dE* = 1 -  2

Values acceptable according to ISO105 standard (ISO/DIS 105-A05), are:
dE < 1,2  dL = 0,4 do  0,7   dC*  < 0,8   dH*  < 0,5
In this paper the hues analyzed are near to achromatic field (a* < +/-1,5; b* < +/-1,5), and for the lightness level L*( 80 i L*( 40. The aim was to define the tolerance limit between chosen samples  and their acceptance by pass/fail method evaluating the each colour parameter difference (dL*, da*, db*). These values of colour difference, dL*; da*; db*, are the integrants of colour difference formulae, dEab.
2. EXPERIMENTAL
2.1. Methodology 

The analyses were performed on 26 chosen coloured samples of achromatic hues: light ecry and dark grey – blue hues. The samples were measured on remission spectrophotometer, DataColor 600+CT, D65, d/8o. Colour parameters value given by the measurement are shown in Table 1 and 2. 
Table 1. Coordinates L*, a*, b*, i h0 for the light – ecry hue 

	No. of a sample
	a*
	b*
	L*
	h°

	Standard
sample
	1,05
	-1
	80
	320

	1
	0,6
	-1,2
	81
	305

	2
	1,1
	-1
	81
	321

	3
	1,4
	-0,9
	81
	320

	4
	-0,4
	-0,6
	80
	262

	5
	1
	-1
	81
	320

	6
	1
	0,5
	81
	20

	7
	1,5
	-1,6
	81
	320

	8
	1,9
	-1,2
	81
	325

	9
	1,9
	-0,9
	80
	330

	10
	2
	-1,9
	81
	321

	11
	2
	1,5
	81
	30

	12
	2,5
	-2,6
	81
	320

	13
	2,9
	-2,46
	81
	325

	14
	2,75
	1,75
	80
	30

	15
	2,5
	-2,5
	81
	320

	16
	3
	-4
	81
	303

	17
	3,5
	-3
	81
	335

	18
	4
	3,7
	81
	35

	19
	2,9
	-4,2
	80
	310

	20
	4,5
	-3
	81
	328


Table 2. Coordinates, L*, a*, b*, i h°, for dark grey-blue hue 

	No. of a sample
	a*
	b*
	L*
	h°

	Standard

sample
	-1,02
	-1,01
	38
	235

	22
	-1,5
	0,2
	37
	178

	24
	0,1
	-1,4
	38
	278

	25
	-1,3
	-1,7
	37
	250

	26
	-1,1
	-1
	39
	236

	27
	0,4
	-1,4
	38
	288


The total colour difference values were calculated according to mathematical expression [ 1 ]. 

dE*ab = [(dL*)2 + (da*)2 + (db*)2] ½           [ 1 ]
Colour difference value obtained are shown in Table 3 and are shown on Figure 1 and 2.
3. RESULTS AND DISCUSSION
Achromatic colours or non – colours create a unique scale starting with black across the grey shades to white. For such samples the hue parameter cannot be defined and in psychological analyze these are taken for the lightness parameter evaluation.  However, hue parameter as well as chroma are the values which represent the colour quality, while the lightness parameter, ( or all the other values which refer to the illuminance), represent the quantity of colour. So the question of nature and magnitude of colour difference value of the sample near to achromatic area is pointed out. The aim of these research is the attempt to explain the problem of tolerance limit setting for the samples near to achromatic area. In practice, the aim is to achieve the precise reproduction of the exact colour in a different substrates and medias. So the major problem, as it was already proven, arises for the samples in the area of achromatic hues (grey, ecry, olive – green, etc.). 

The achromatic area of one hue will depend on the lightness level, so the tolerance limit setting considers the precise analyze of each colour parameter (da*,db*,dL* i ukupnu razliku dE*). From the standard observer point of view, while comparing two or more similar hues, the following criteria has been accepted:

dE*  < 0,2 – colour difference cannot be visualized  

dE*  = 0,2 - 1 – colour differences are noticeable 
dE*  = 1 - 3 – colour differences are visible 
It can be seen that the given criteria considers the values "from – till", which proves that for each colour hue, and especially the ones from the achromatic area, the precise tolerance limit should be set in aim of precise reproduction. 
In Tables 1 and 2, based on the coordinates value, in can be seen that the samples with values a*<+/-1,5 and b*<+/-1,5, are in the narrow achromatic area. Based on the recommended standards, the total colour difference value were calculated as well as the difference value of related colour parameter, which is shown on Figures 1 and 2 and in Table 3. 

On Figure 1., it can be seen that the tolerance limit setting for da*<1 and db* <1, are acceptable for the most of the samples. However, based on Table 3., it can be concluded that in the achromatic area the most significance influenve on dEab value has the lightness value.  
Figure 1. Diagram da*/db* for samples from Table 1 and 2
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Table 3. Total colour difference values and related colour coordinates values for the lightness difference values dL*=0, =0,5 and =1

	No.
samples
	da*
	db*
	dEab

	
	
	
	dL*=0
	dL*=0,5
	dL*=1

	1
	-0,4
	-0,2
	0,44
	0,67
	1,09

	2
	0,05
	0
	0,05
	0,5
	1

	3
	0,4
	0,29
	0,41
	0,72
	1,2

	4
	-1,4
	0,4
	1,55
	1,63
	1,8

	5
	-0,05
	0
	0,05
	0,5
	1

	6
	-0,05
	1,5
	1,52
	1,58
	1,8

	7
	0,5
	-0,6
	0,78
	0,92
	1,3

	8
	0,45
	-0,6
	0,75
	0,9
	1,1

	9
	0,85
	-0,2
	0,87
	0,91
	1,3

	12
	1,5
	-1,6
	2,13
	2,2
	2,3

	15
	1,5
	-1,5
	2,12
	2,2
	2,3

	
	
	
	
	
	

	24
	0,1
	-1,4
	1,42
	1,48
	1,72

	25
	-0,3
	-0,7
	0,76
	0,91
	1,2

	26
	-0,1
	0
	0,1
	0,51
	1,01


The results showed prove that the colour samples which are near to achromatic area, cannot be defined by the hue parameter and the lightness value become dominant.

On a Figure 2, it is confirmed that the total colour difference values, dEab, for the samples with values a* <1,5 and b* <1,5, show linear growth with lightness  difference value, dL*, increase (samples 1,2,3,26).
Figure 2. Total colour difference value, dEab, for dL* 0 -1 


However, for the higher a* and b* values which proceed to the chromatic area, the chroma coordinates have the dominant influence on the total colour difference value, dEab, (samples 4, 6 and 12 on Fig. 2 and in Table 3).   

4. CONCLUSION
Based on the research performed, the tolerance limit for the hues which are near to the achromatic area is; da*<0,5, db*<0,5 and dL*<0,5, which leads to the total colour difference toleranc limit of dEab <0,5. It is confirmed that in the achromatic area the dominant is the  influence of the lightness parameter. With such criteria, the constant of the colour hue reproduction is assured, while the psychophysical sense of colour hue is also constant.  It can be assumed that the colour hue reproduction for the colour samples that are near to achromatic area, caused by the lightness dominant influence, will depend on the dyes combination which is used for achieving the given reproduction. The hues which are defined with high level of lightness parameter ( yellow, light orange, etc.), depending on the rate that they have in a given mixture, will influence the most significantly on the colour hue reproduction. 
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