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A Study on Elimination of Color Difference of
Combat Uniform Fabrics through Spectrophotometer by
Various Manufacturers
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ABSTRACT

Purpose: The purpose of this study was to minimize the difference between color of fibers of combat uniforms
occurring depending on the type of dye or process of each manufacturer.

Methods: Color difference between combat uniforms made from different manufacturers in mass production
by lot was analyzed using spectrophotometer and calculated by color difference formula.

Results: By the results of analyzing the color difference between combat uniforms made from different manu-—
facturers with moving average and time series analysis, the feedback to each manufacturer was given.
Conclusion: By this study, the color deviation of combat uniforms from different manufacturers was improved
to be reduced.
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Figure 1. Grey scale for color changes
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Table 1. General presentation method of color difference in CIE Lab color space

ALY = Ly'-Ly Lightness

Aa' = as-ar’ Red - Green

Ab* = by'~by" Yellow - Blue

AE" = (AL%+ Aa%+ A2 Total color difference
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Table 2. Color difference (AE") regarding each grade on KS K ISO 105-A02

Grade Color difference (AE")
5 0+ 0.2
4-5 0.8 £ 0.2
4 1.7 £ 0.3
3-4 2.5 £ 0.35
3 3.4 £ 04
2-3 4.8 £ 0.5
2 6.8 £ 0.6
1-2 9.6 £ 0.7
1 13.6 £ 1.0

2.3 A4l

AlE F e ] el AR o RS L a), bgks Tt He=dl, o714 LY o’ b @k CIE Lab
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02059 AN H AEeme 7-c) MAFA S A28 tHColor difference; CIE 1931 color space; Masahiko et al., 1998;
KS K 0205, 2008).
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Table 3. Color difference (AE") of fabrics manufactured by various manufacturers before improvement

Manufacturer Color Manufacturer
A B C D
Military beige grey 2.5 1 39
Military chocolate 3.35 1.97 2.25
A Military forest green 2.95 0.99 0.78
Military dark olive green 3.68 1.99 1.98
Military charcoal 3.56 1.59 0.96
Military beige grey 2.5 2.15 2.89
Military chocolate Sk ol 389
B Military forest green 2.9 2.28 2.76
Military dark olive green 3.68 1.72 2.05
Military charcoal 3.56 2.65 2.36
Military beige grey 1 2.15 3.45
Military chocolate 1.97 SN 0.46
C Military forest green 0.99 2.28 0.84
Military dark olive green 1.99 1.72 0.49

Military charcoal 1.59 2.65 1.78
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Figure 2. Changes in a" and b" parameters of the military charcoal color in the combat uniform fabrics
depending on production period



Choi et al. : A Study on Elimination of Color Difference of Combat Uniform Fabrics through Spectrophotometer by Various Manufacturers 487

3} Figure 2(b)¢} 2t} o= AZAPER A EAO &
27 QR o= o) Faof g hsty] fldte] sHaRE %
t}. Figure 2(b)E 538 AIZAPEZ dA S Q5T UolA A
A = b* el ZFol7) 2 Ao] Yellow$} Blue H]&9l] & Wsl= ok
wo], A|ZAbe] G4 A B Amel digh FAATE 2SI oY ANETE MALE ARteA, V&9 EFE

A A A R EAE AR A, P Al S Atk Al

>~

>

2

g

>,

~N

e

oo 2
%0, o
o

ol
ol
oo 3R

fo

1=

4.2.2 Chocolate 24

&
%0,
i
W
il
ot
S
N
o2t
2
>
<
o

Chocolate 21 Brown A1€S tlfshs Agow & =7IW, 2, & o=
ishs Mo & o gtk Brown A2 38 Hdf F5/0AF oS glot A9 G o8 Tke] A5
AR O] FolAle AEe Holed, Al & 2 5 ~ 50 % Ato]l2 Yehtar itk ko] AEEAE
ZAA Do} 771 7 ZARE FE EgF] T-ol 4+ Chocolate )

¥E L 264, a" 5.7 b 472, KS & #F3x9 10R 3/12 AT Tl A ek v&2 oF
21 % JE= Forest Green 44 T2 H©u},

Figure 3(a)olA ®¥ Charcoal M3} @8] a*¢} b*e] W37} 94 @5 A A
Hrbe b kel BA7E ga 24 Yebdsd), ol Yellows) Blue] W&ol wp2 Wstz 34 4= glr). =3k 31
ollA 3 A o] tha FslaE o] 9lo], Blue AlE dsel gk #HHEE 3l MAF o] 7HeE Fo R

Rigaasboted

Y
[\}
(@]
—
[N}
T
Auj
>
i)
-
ir
o,
uy)
1=
o
=<1
FN
o
re

>
o
a3
4
o,
O,
it
ol
(@)
=
b
=
(@)
(@}
0,
1z
rlo
m*

1.5 1.0 0.5
- Aa*‘ " " . 2.00 " Ab*
+-0.5
Aa
1.0 .
-2.00 1.00 2.00
1.5
Ab* 2.00
(a) A manufacturer (b) 4 manufacturers

Figure 3. Changes in a" and b" parameters of the military chocolate color in the combat uniform fabrics depending
on production period
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Figure 4. Changes in a" and b" parameters of the military dark olive green color in the combat
uniform fabrics depending on production period
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Figure 5. Changes in a” and b" parameters of the military forest green color in the combat uniform
fabrics depending on production period
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Figure 6. Changes in a" and b" parameters of the military beige grey color in the combat uniform
fabrics depending on production period
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Table 4. Color difference (AE) between several manufacturers after improverent of color recipe in order to reduce A" and Ab” parameters

Manufacturer
Manufacturer Color
A B C D
Military beige grey 0.54 0.67 0.34

Military chocolate
A Military forest green

Military dark olive green 0.33 0.53 0.7

Military charcoal - 1.52 1.01
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Manufacturer
Manufacturer Color
A B C D
Military beige grey 0.54 0.13 0.2
Military chocolate 0.13 1.2 0.28
B Military forest green 0.12 0.45 0.03
Military dark olive green 0.33 0.21 0.38
Military charcoal 0.04 1.56 1.06
Military beige grey 0.67 0.13 0.33
Military chocolate 1.34 1.2 1.48
C Military forest green 0.56 0.45 0.48
Military dark olive green 0.53 0.21 0.17
Military charcoal 1.52 1.56 0.5
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