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Abstract:  The olive green shaded hues are the most significant in military clothing due to its characteristics of masking effect and perfect fusion with nature surrounding. The terms of olive – green in military clothing comprehend the strict characteristics of hue, lightness and, the most significant, chroma parameter. The olive – green hues used in military colour scale belong to the adjacent achromatic – chromatic area, and the most significant problem in such area is the possibility of maintaining the strict chroma parameter characteristics. It has been proved that the change in any of colour parameters pronouncedly the chroma parameter (which includes the changes in a* and b* colour co – ordinates that might occur), can cause the change of achromatic – chromatic characteristic of olive – green shaded hues that are required, into a chromatic characteristics which are unacceptable. In this paper the analyses were performed on group of olive - green coloured samples of textiles prepared for military usage. 
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1. Introduction

A major requirement of the systematic design of camouflage is to obtain a colorimetric match of the camouflaged object to its anticipated surrounding. This match needs to cover both the visible and, because of the operating bands of silicon based surveillance sensors such as Image Intensifiers and Low Light TV, the near – infrared. Throughout the eighteenth and nineteenth centuries, the typical colour scheme of a military clothes included bright and high contrast colour arrangements which made it easier to distinguish different units. However, with the growing prevalence of accurate weapons for infantry, it was found from about the 1880s on that these colours made soldiers easy targets. In reaction, the various militaries, beginning with the British Armed Forces, changed the colours, predominantly to such ones that blended in more with the terrain, such as khaki or olive drab, for the purposes of camouflage. That was the reason for olive green shaded hues to become the most significant in military clothing, due to its characteristics of masking effect and perfect fusion with nature surrounding. The camouflage technique implies targeted material designing where the chosen shapes and the chosen colours produce the perfect harmony with the natural surrounding. Many modern military forces now utilize a system of combat uniforms that not only break up the outline of the soldier for use on the battlefield during the daytime, but also employ a distinctive appearance that makes them difficult to detect with light amplification devices, such as night-vision goggles (NVGs) (1, 2(.

The olive green shaded hues are the most significant in military clothing due to its characteristics of masking effect and perfect fusion with nature surrounding. The terms of olive – green in military clothing comprehend the strict characteristics of hue, lightness and, the most significant, chroma parameter. The olive – green shaded hues used in military colour scale belong to the adjacent achromatic – chromatic area, and the most significant problem in such area is the possibility of maintaining the strict chroma parameter characteristics. It has been proved that the change in any of colour parameters pronouncedly the chroma parameter (which includes the changes in a* and b* colour co – ordinates that might occur), can cause the change of achromatic – chromatic characteristic of olive – green shaded hues that are required, into a chromatic characteristics which are unacceptable. In this paper the analyses were performed on group of olive - green coloured samples of textiles prepared for military usage (3-5(. 

2. Methodology

For the analysis a group of specific olive green samples of textile prepared for military clothes application, were chosen. The chosen samples were measured spectrophotometricaly on remission spectrophotometer DataColor( type SF600+CT, with constant instrument aperture (apertures “L”=2.6 cm), using d/8( geometry and D65 light source, in order to obtain the spectral – remission characteristics of a chosen samples and also the characteristics of hue, lightness and chroma parameter. 

Also the remission spectra in the area near to infra – red spectrum were measured on chosen samples. The measurement was performed on "Cary 50 Varian" spectrophotometer, the results of a spectral – remission values in visible part of the spectrum as well as in the near – infrared area, are presented in the form of remission spectra curves on Figure 1. The "xy" diagram is showed on a Figure 2.

The results of a colour parameter values, obtained by spectrophotometric measurement, (L*,C* h), is shown in the Table 2 and the values of a colour a* and b* co-ordinates are presented in the form of a*/b* diagram shown on Figure 3. 

Further analysis was performed by calculating the total colour difference value (dE) and colour parameter differences values (dC*, dh, dL*). Sample 5 was chosen as the standard in calculating the colour difference parameters, due to its colour characteristics closest to that required by the Croatian military forces. The characteristics of a sample 5 are shown in Table 1. The results obtained in colour difference calculations are shown in Table 3. 

Table 1: Colour parameters characteristics and average remission value in the near IR range for the standard (sample 5)

	Colour characteristics of a chosen standard (Sample 5)

	L*
	a*
	b*
	C*
	h*
	x
	y
	Average R(%)  in IR

	35,22
	-2,48
	10,04
	10,34
	103,89
	0,3441
	0,3754
	15,653


3. Results and discussion

The most important request on a textile material produced for military clothing is their ability of fitting in the natural surroundings. It has been proved that in the certain range of the electromagnetic spectrum (near infra – red IR range: 700 – 1100 nm), the properties of their mutual fitting in the natural surrounding can be defined. On the Figure 1 the plot of remission curves of a tested olive green shaded samples, in the range of a visible as well as the near infra – red spectrum (400 – 900nm), are shown. Figure 2 shows the "xy" diagram of tested samples.

Observing the remission curves of the tested samples it can be seen that the average remission value in the visible part of a spectrum is R = 5% - 10%. Such flow of a remission curves is, mainly, characteristic for the achromatic and deeper colours. Certain discrepancy in a remission curves flow can be observed for sample 1 and 2. Certain minimum of a remission curve can be seen which implies that the certain difference in chroma value can be expected for samples 1 and 2 in comparison to other tested samples. 
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Figure 1: Remission curves of tested samples in a visible and near IR spectrum 
The chroma co-ordinates values (xy) of a tested samples, shown as a "xy" diagram on a Figure 2., confirms the prior statement, showing the position of as tested samples near to theoretic achromatic point which would have the values of a "xy" co – ordinates x=0,33; y=0,33. Also the certain difference between the two groups of tested samples appears. The group of samples 6 – 11 is closer to the chosen standard (sample 5) and the theoretical achromatic point in comparation to a group of tested samples 1 – 4. 
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Figure 2: and "xy" diagram of a tested samples

The plot of a remission curves in the near – infrared range, (700 – 900nm), shows certain differences between group of samples 1 – 4 and 5 – 11. In general, all the tested samples, more emphasised for the samples 1 – 4, complies the theoretical request on a remission value for the colour that should be applied in a military clothing (R = 20 – 70% in near – infrared range, depending on a season and the humidity). Samples 5 – 11 shows slightly lower remission (R ( 20%), which is in military clothing characteristic for the colours that are requested within the "woodland" natural surrounding, where the overlapping of trees, grass and wood remission occur. This confirms that the samples 5 – 11 show the satisfactory property of fitting in the natural surrounding.

It must be pointed out, relaying on the subject of this paper, that the analysis that would provide the information about colour itself and its characteristic of fitting in the natural surrounding will not provide the reliable conclusions while the strict request on a specific olive – green shade and also its reproducibility must be satisfied. So it was necessary to perform the analysis of a colour co – ordinates and CIELAB colour parameters of a tested samples. L*C*h values obtained are shown in Table 2, and the a*/b* plot of the measured samples is shown in Figure 3.

Table 2: L*; C*; h – values of a tested samples

	Samples 
	L*
	C*
	h(

	Sample 1                                         
	32,19
	16,88
	116,35

	Sample 2
	32,62
	15,74
	107,73

	Sample 3
	33,16
	14,7
	111,35

	Sample 4
	32,72
	14,18
	113,74

	Sample 5 (standard)
	35,22
	10,34
	103,89

	Sample 6
	34,38
	11,12
	102,42

	Sample 7
	36,67
	11,17
	101,47

	Sample 8
	34,27
	11,39
	101,33

	Sample 9
	35,29
	11,06
	102,45

	Sample10
	39,74
	10,72
	102,94

	Sample 11
	36,2
	11,23
	101,15


The a*/b* plot show that the group of 1 – 4 samples, even slightly different in a hue parameter, shows the significant difference in the chroma (C*) parameter. That confirms the prior results obtained for the remission value (Figure 1). Statistical analysis was also performed obtaining the correlation coefficient of linear regression (R2) for the two groups (group 1 – 4; group 5 – 11) of a tested samples. For group of 5 – 11 samples of R2 value obtained was 0,9566 what confirms the lowest discrepancy between the samples, which was expected from the analysis performed. For the same samples it can be seen that lies in the range near to achromatic area which is confirmed with the chroma (C*) value obtained lower than 11,5 (Table 2).
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Figure 3:  a*/b* plot of attested samples
Samples 1 – 4, although show negligible hue differences inside the group, obtained the lower value (R2 = 0,6444) which imply the higher discrepancy. They obtained the lower lightness L* level in comparison to samples 5 – 11 and also obtained the higher chroma value; C*(14, more emphasised for the sample 1. This confirm that the tested samples rise out from the achromatic – chromatic border area and shows the characteristics of a purer chromatic hues (for example greener hues), respectively shows characteristics of a colours with the lower content of achromatic part. 

The requests on a reproduction quality are also very specific and strict while concerning the military clothing which has to maintain the exact colour in different parts of the uniform.

That’s why it was necessary to perform the analysis of a differences in colour parameters between the chosen standard and tested samples, which although satisfy the property of fitting in the natural surrounding, would not necessary be acceptable due to its differences that might occur in compare to a requested standard. The results of colour difference (dECIELAB) and differences in colour parameters values (dC*, dL*, dh) are showed in a Table 3. 

Table 3: Values of colour difference and colour differences in parameters obtained according to a standard 
	Standard – Sample green 5

	Sample
	dL*
	dC*
	dh
	dECIELAB

	Green 1
	-3,03
	6,54
	2,87
	7,76

	Green 2
	-2,6
	5,4
	0,85
	6,05

	Green 3
	-2,06
	4,36
	1,6
	5,08

	Green 4
	-2,5
	3,84
	2,08
	5,03

	Green 6
	-0,84
	0,78
	-0,28
	1,18

	Green 7
	1,45
	0,83
	-0,45
	1,73

	Green 8
	-0,95
	1,05
	-0,49
	1,5

	Green 9
	0,07
	0,72
	-0,27
	0,77

	Green 10
	4,52
	0,38
	-0,18
	4,54

	Green 11
	0,98
	0,9
	-0,52
	1,42


Observing the results for the group of samples 5 – 11, that was confirm prior as the group closest to the standard with the minimum of discrepancy, the sample 10 must be excluded. Analyzing the sample 10 according to a standard, it can be seen that the values of hue and chroma differences are in the range of tolerance and are acceptable, which was confirmed by the a*/b* plot (Figure 3.). But, obtaining the higher lightness value, L* ( 39, resulting in unacceptable dL* value and also in a unacceptable dE value, the sample 10 is moved towards more greyish hues and shows no longer specific olive – green appearance. 

The group of samples 1 – 4 is confirmed also as the group that satisfy the property of fitting the natural surrounding, but obtained significant differences towards standard. It was also confirmed that the differences in hue parameter would be negligible, but the differences of lightness and more emphasised in chroma parameter are important. The sample 2 should be pointed out. It can be seen that the dh( value obtained for the sample 2 is in the range of acceptance (dh( = 0,85), which confirms that, according to hue parameter, sample 2 matching the standard. But the dC* value of 5,4 (higher chroma) confirm that the sample 2 rise out from the near - achromatic to chromatic border area, and its appearance will show the characteristic of the purer colour with more emphasised chroma parameter. So the sample 2 would show the characteristic of the greener colour.

4. Conclusion

Based on the analysis performed it can be concluded that the most important, besides the obtaining the acceptable hue parameter difference (dh*), is to obtain the matching in chroma parameter according to the requested standard. Sample 2 is a perfect example of the case where the acceptable matching in hue parameter is achieved, but due to the significant chroma parameter it shows the characteristic of the greener colour, which is not acceptable when the strict characteristics of achromatic – chromatic olive green is required.  To achieve the olive – green shaded hues used in military colour scale the most important is the possibility of maintaining the strict chroma parameter characteristics.
To perform the reliable conclusions about the consistence of the tested samples, such analysis need to be performed, and the certain limits of tolerance should be establish for the colour difference value as well as for the each difference of colour parameters. According to ISO standard tolerance limit should be established as follows: dL* = 1,2 – 2; dC* = 0,8 - 1,5; dh* = 0,5 - 0,8; dE* = 1 -  2. Respecting such criteria the quality reproduction of the consistent colour characteristics and the balanced appearance of a colour of a different part of the military uniform as well as its fitting in the natural surrounding are insured.
References

[1] Saravanan, D.: Camoflage Textiles for Warfare, AATCC Review, 11 (2007) 5, 29-32, 1532-8813

[2] Boyd, R. J.: Colours of Northern Australia: Visible and Near-IR Reflectance of Natural Terrain Elements, available from http://dspace.dsto.defence.gov.au/dspace/bitstream/1947/4225/1/DSTO-TR-0114%20PR.pdf 
[3] Cuthill, I. C.; Stevens, M.; Sheppard, J.; Maddocks, T.; Párraga & Troscianko, T: Disruptive coloration and background pattern matching, Nature, 434 (2003) 3, 72-74, 0028-0836 

[4] Parac – Osterman, D.; Joanelli, M.: Importance of Computer Lightness Evaluation Influenced by Colour Hue, Surname, Proceedings of the 12th International DAAAM Symposium, Katalinic, B. (Ed.), pp. 347 - 348, Jenna University of Applied Sciences, October 2001., Jenna, (2001)

[5] Joaneli, M., I.; Parac – Osterman, Đ.; Golob, D.: Textile Surface Structure Importance and Kubelka – Munk Theory Use in Colour Matching Calculations; Colourage, Supplement to Colourage April 2006., Vol. 53, No. 4., ISSN: 0010 – 1826 – 59 – 67.

Author(s):

	Prof. Đurđica PARAC - OSTERMAN, Ph.D.

	University of Zagreb, Faculty of Textile Technology, Department of Textile Chemistry and Ecology

	Prilaz baruna Filipovića 28a, HR-10000 Zagreb, Croatia

	Phone: +(385) (1) 4877365
	Fax: +(385) (1) 4877355
	E-mail: djparac@ttf.hr

	Martinia Ira GLOGAR, Ph.D.

	University of Zagreb, Faculty of Textile Technology, Department of Textile Chemistry and Ecology

	Prilaz baruna Filipovića 28a, HR-10000 Zagreb, Croatia

	Phone: +(385) (1) 4877365
	Fax: +(385) (1) 4877355
	E-mail: martinia.glogar@ttf.hr


PAGE  
5

_1069072656.bin

