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A Study on Rapid Color Difference Discrimination
for Fabrics using Digital Imaging Device
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Abstract Textile quality management targets the physical properties of fabrics and the subjective
discriminations of color and fitting. Color is the most representative quality factor that consumers can
use to evaluate quality levels without any instruments. For this reason, quantification using a color
discrimination device has been used for statistical quality management in the textile industry. However,
small and medium-sized domestic textile manufacturers use only visual inspection for color
discrimination. As a result, color discrimination is different based on the inspectors’ individual
tendencies and work procedures. In this research, we want to develop a textile industry-friendly quality
management method, evaluating the possibility of rapid color discrimination using a digital imaging
device, which is one of the office-automation instruments. The results show that an imaging
process-based color discrimination method is highly correlated with conventional color discrimination
instruments (R*=0.969), and is also applicable to field discrimination of the manufacturing process, or for
different lots. Moreover, it is possible to recognize quality management factors by analyzing color
components, AL, Aa, Ab. We hope that our rapid discrimination method will be a substitute technique

for conventional color discrimination instruments via elaboration and optimization.
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1. M2

AL QIZE] A7t 71HE B4 WolE A= FEE
, LTS SJsliAle ZHQ1Y o] AYE Sl §
= M-S Bt ARy o s wAsH| 9
7S WHAA g, ol 4L 4
7|8to & o]folA ZrH1]
HESl= 37H] £ A (Hue), E(Value)
183 =(Saturation)E FAECH2]. AL &3] &
g7t &1 9t w23 L3 So] “A7AS olu|st
), BEEs M9 olFl ¥ ALE, = A9 “E
2" =g F@ok= Yu|E ARGE TEbA 227t
AL QJoflA AT A9 37HR] £/ 33+ &
FHAC| A Aolgt & &= §loH, o]F HSV M37to]
2t gYyeitH3]. o] "o Mg Jitete] Edel=
RGB[Red, Green, Blue)2} CMYK(Cyan, Magenta,
Yellow, Key) 3%t 282 ol 7|¥loz Bdd
CIE MZ7F So] uh4]
CIE M52t “FA 2HYYS|(CIE: Commission
internationale de l'éclairage, ©|3} CIE) 0|4 Q17t9]
A QIAof it AFE 7IFte R SErH o R APogt

Z9] AZToItH5]. QIZH] A7 =EAQl AFAEE
8% e 9o g HE -, M-, S-9FAZE &
FEEH, ole 47 ARRHEAR), SHES), 99
@ Ae 85t "ol ol AN A=
(Tristimulus value)2tal 3h, o]& =gslo] ofg 7}
A BZ 7@ 4= Q1A H=d, ol= CIE RGBE AA
CIE XYZ& #rastgch(7].
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+a*

Black

Fig. 1. CIE LAB Color spacel9]

CIE LABY T2+ CIE XYZ M37He Wglsto]
E01X A0 A, MFZo A9l MAE Q17 A7t 7]

o] 7le A7z Aole} vl st s A E U Fig. 1]
Al B vket Zo] L2 ¥E(Lightness), a= A4} =
Aol iy, b =Y} o] Hivlg yeh F=
FAZA, L Fho] 0od H241g, 100013 S-S 1t
ERdt}. a9] gho] S 2EMZ, 5w AF
Y& HEiH, b gl &7 mAe, e ndt
A ALYES 2AmRHHS8].

Az Ae] ZfolE oJulsiH, o]= E’E]‘HOE CIE
LAB A3t A9 A= ettt mahA 33k 3t
A9 = 23 2 A7 2 MRS ousie, 1 A E)
2 o9 Aoz A4tHr

AE = VAL Ad® + AV

= \/(L1 —L2)2+(a1 —a2)2

+ (b, —b,)?

A oE AEo gt A} I 7182 AANA
E857 9= dE Nippon Denshoku iito] “Mx} 3
|71%"S F&st 3loH, o] Table 13 ZTH101.
AAAR oA = MRS Qloto] B8 ¥A Ee
AAE o] 83t ZMS B FEITE FFst A
SERRE, S47H| 9] 9 419] & Helof 17t H]%O]
] whet titkeg] SagAolMs S A 9
Eolo] FAALE FPot Utk ALY HEAHQ
HEL KS K ISO 105-A02: 2014[1112A4], MEES o]
&3to] AR 55 19914 587HA] Wlsks o]
o}, SEAYE titkeee] SAAAME SR E B7ME W
AZAARIZE Y StHARHo] ofd, FFAARE Bt
SAARE okl Stk ojuf9] SREHA AL BE
AR T 7 AR Lotk Atol9] gy B4
A8t IEH, Mg Al AEAARIE gt
R G2 AR AT 52 FA HHA
e} th2A T 2 5= Qlok ol A2 AAFo 2 HE
71915l FEEA] g A8 @ aglo] =t
wEha] SA7H|7E BAGE ARG @A) A St wE
AR A 7115k @FE Fol7] 9o B2 WHE
o] =9l=jo] g=d, 1 EHoEA YA 3 A
£ &8st FAE% HolAl PVC A2839] QAT
of digt M rhs/dS dRlsh e shgirH12l.
ARAEY A RO 23] 95 JRF= B
2ol FE] tigt IS Eol= Aol I3t
AZpprE ol P Aok, waba] ohE SlFgH]of Hls)
A REEY o] 7MY A2 v I AAFT
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Table 1. Example of Allowance by Color[10]
Color Diff ) .
Color Tolerance olor Dl erence The extend of color difference Standard
(AB)
The extent that Human can't discriminate. It
Avaluative Level 0~02 13. 1mp0551b1e. to measure' the .color _
differences using the special adjusted
measuring instruments.
It is possible to measure the color
"‘Fhe-hr-mt .Of 02 ~ 04 d1fferen9es in ‘the range of (‘)42 ‘ 0.4, using JIS L 0804/0805
discrimination the special adjusted measuring instruments.
The people who was trained can distinguish.
Grade AAA color T,h.i.s Is the limit to S,et up the Str ict c‘olor The particular strict standards stipulated
0.4 ~ 0.8 difference standards with the decision of the
tolerance N between the persons concerned
human visual.
Grade AA color People can tell the color differences, if The' standar('i of the Defense Agency and
tolerance 08 ~ 16 samples are put side by side National Police Agency.
’ The standard of general ship inspection.
Grade A color tolerance 16 ~ 32 In color c.omparison, this level %s regarded as JIS 7 8721 JIS L 0809 '
unrecognized and same color in general. |The color tolerance of general color chips.
Each colors of this range are regarded as the
Grade B 32 ~ 65 same colors. But the clients concerning|The allowable color difference in color
color tolerance ' ’ paints and inks industry will make|management in general.
complaints about the color difference.
Grade C This color tolerance corresponds to the
color tolerance 65~ 130 color difference of JIS standard color chips. JIs $ 6006/6007/6016/6020/6028
Grade D 13.0 ~ 25.0 Each colors over AE 13 are not same color JIS D 0202 JIS E 3701
color tolerance ’ ’ anymore. JIS Z 8102/9101/9102/9107

(NN, Neural Network) 2&i}o] Ak Ed14 4
A&2] RGB °lW|AE CIE XYZ M3itoz wghs)
FIAE 7|9ke] AAF HAtol] EEE7E sFITH13].

T3 R Y S| A% i I gAFAE 7
He AR 4 9 23 HAbel A8E9lem, o
£ BolA olulA] AH=E 3t 7ol 3 gH|9] &8 7}
S0l FRl=SiTH14,15].

olof, & A= "R I AHQl A E &
&5t} AR AFEY WA T/l Wig AFE ¢
Foigiom, 7ol MAEA 71y HA3HE FoiA A
ol SAkk= S4UAS F438Y 7ol gt A=
WeFdE AAStLA sheich

o
do

8

%

2, 28

2.1 G

2.1.1 71%

£ Aol AHgE HAE M Al HiAsf ol
4} ZES CANON ARl MF8240CW X &} EPSON
AS] DS-5500 EEE ARSIt AAGEAL SA7]Q1
Konica MinoltaAte] CM-700D& AR&3sl3ct 53t

oju]Z] Aol Java 7|99 EAA oJu|R] A &
279l Image J(NIH, USA)E A&

2.1.2 O|0JX| Het

gAg s AHE o]-8sto] SESE olm|A] HEE=
RGBAZo2 AR EZ MAEAS 93t CIE LAB
gho g Hsksly| YaliA Fig. 29 22 HEbgS AR

RGB color space

{1

CIE XYZ color space

{d

CIE LAB color space

Fig. 2. Color space transformation from RGB to
CIE LAB color space
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RGB HEE CIE XYZ MFtozo Hgh Alofi= 1o 9] Agztozo] wghapyo] gist A 2-8AR = Fig. 3
A 3H AAE S D5 oulR| ] M JRE of I} Tt
o] AAE F3f Aoz AT
2.1.3 0|ojF =A xX3}

X| [0.4124 0.3576 0.1805][ R t]A)g 4 JuE E5} ojujx] FE 4], oju]x|Q] =
=10.2126 0.7152 0.0722| |G _ _
A 105103 01195 0950 || 2 Ao AR e wret SepAe, L] wele

dpi(dots per inch)® ZE&Hc} dpix= 1 inch? ¢k &
A=l StaE Uokd, w2 32 THESE AREE
ol HHE= FAgTt H WSS udich Hit
2 E Eol FESE A =E o]u] X Fig. 49 2t

QIZke] AMRIAl= Ho] mhto]| ulet HlAF Q] A
27] 2o, AFAQl CIE XYZ MI7HS Q719 A]
E4& vrgsto] GAE BlA% A CIE LAB Ag7te

5 Agtofl= o 9] AutalE ol&

i

S

L'=116f(Y/Y,)—16
a =500[f(X/X,—f(Y/Y,)] @ ® ©

b= 200(f(¥/ Y, _f(Z/Zn)] Fig. 4. Acquired RGBs images of Beige Gray colored
fabric from flatbed scanner with different
DPIs. (a) 75 dpi, (b) 150 dpi and (c) 300 dpi,

e if t> (i)3 respectively.
F=11 99 o, 4 2
5(7) t+ 29 otherwise A3 RS Slek ofud 27 AASE el 371

Ag(Eo] 4| Tefo], HAAE T, 2BAMS o

Ao X, ¥, 7,2 CIE XYZ9| X, Y, 72 E&8  oto] 21219 shg=a 25 ojulo] fat Hensie

M) o} Ase golct Segstoiet. 490 AL8El o]nl A Aui Fig. 29} 39

XS SAPHAS olg ofnx] GEojue 7z AFEE 9] RGBsOIH CIE LAB AHBZIOE Fig. 5
o} o] wskaier.

Source

SAO0OTMWZ>A+
SAO0OTMLZ>rA0
SA0OTMwZ>A0

Scanner

Calculation for color difference discrimination
between point @) and @)

AE = JLa-Lo) + (ap-ag? + (ba-bg)

Fig. 3. The entire process of color difference discrimination using digital imaging device.
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Beige Gray Forest Green Chocolate

w75 dpi 75 dpi
30 == 150 dpi 50 == 150dpi
mmm 300 dpi == 300 dpi

L*a*b Celor

L*a*b Color

L*a*b Color
8

L a b L a b L a b

Fig. 5. Calculated CIE LAB values of (a) beige gray, (b) forest green and (c) chocolate colored fabric with 75
dpi images.

AT AZe] AgolA 3= L, a, b BoEt 30
= FASH YEhg oy, sidert S71ErE 2EEAt
7} 3A SVt ARE Holi SlSith

oj#gt AF WI=Tt 57 DE EAHE S
7F soluAl A Az g 710%k S92t el
o2 2158219 F7le g4 7+ Hart 2A F716H
fEo 2 FrEct

b 2 AtollAds Aol 9le] elaqle tigt
FeL Haslel] gsto] L4 AR BE oju]7] ol
£ 75 dpig ZH-E3H9t 0 5 10 15 20 25 30

Measured AE Value

o5 | AEqy =-0.082 + 0.942 AEy,,

Calculated AE Value
T

2.2 0|01F 7|Hte| Mixt EA Fig. 6. Regression result from correlation between
2.2.1 AT BM measured and calculated AFZ.
olulg 7]ste} AzAo] Zio]
be ISP 9] A4 2AAE Be) =

AB)gte] 4upAE veksisct,

Table 2. Summary output for estimation of simple
regression in Fig. 6.

oo

—~

SUMMARY OUTPUT

AR BAo] ALE e g TN Ty :
- Regression R Square 0.969
AHEEE S7HA] AEQL HlolA| T1Elo], ZHAAETY, & Statistics ‘ '
BT, 2EY, FHMolH, A8H HAERY A Sgnificance © 5.12¢%
R i ’
439 AP P/C 94F 23(A FolR), N 80F 2% T 30
(170D, 1000D)< A-g3t3ict. ANOVA | ntereePt e 0758
7t Ak o] A} 29F 40704 xsCo)9F 2 A B ¢ Stat 46.083
H ddko] A 23 30705 x4C)E ESS[H] F 707H P-value 5127
o AEghat Audgt 2o ZUBAE BARA Sl
SAEA 23, SAAC ot MAe] gkt ol weba] AA BAATRE ofu]®] 7]uke] Al A
7 7R A2 ABEAE B2 ST, FAE o] 7lo] Mt WAL et mEA 225 THE TP
A A% BASE R=0969 D R F-2k2 091 & sjge Ao ojujsic).
okl Qlof Sig SAAS FofD ek ohft A%t A
THAE HoFa A2 AgHez 2 & 4 2 222 T 7t MEHEA
At (Fig. 6 and Table 2)

HERO| 49 B4 2 U2 Yaste] RES 74
S| s, Zhol A%t WA Agstol B4 7H A4
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PR U 7goRAl 48 7t

100 x 100 mmOo.& s}of slite] &
J Ake] 1971 FGollA MAwPLS A
ZAATe] MRS B91s AFH= Fig. 7,

Calculated AE Value

1234567 8 910111213141516171819
Point Number

Fig. 7. Result of the rapid color difference
discrimination from single fabric roll.

(@) ®) (©

Fig. 8. Acquired RGBs images of fabric from flatbed
scanner with different color tolerance. (a)
Standard, (b) Avaluative Level(A£=0.17, Point
No. 19) and (c) Grade AA color tolerance(AE
=1.49, Point No. 17), respectively.

sl 248 19740 et A HA 017
(9% HT) 149 (17900 ]2t Ho& Lpehgto

W, olx Fgto] Table 1014 AFSt “Grade AA
color tolerance” o0& AJAF £9]& &0l & 4 Q)
At

ok Qe 34 7+ olu]d sluke] MARHS F
SA Axpgrol] F3kEA] g4I M) JFS FE A
QA BA 7153S 39l & 4= 99t} Fig. 9ol4
L7 24 nop Mg wAske ALY, Ad’, AY
Bo) A%S BolFa glom, Mzjol 71 & S ol
AL AR AbYS HFHo= SAY 4 gtk o]
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Calculated Value

12345678 910111213141516171819
Point Number

Fig. 9. Analysis result for the component of
AE. Dot and line indicates AL?. Open
dot and dashed line indicates Ad’.
Triangle and dotted line indicates A¥.

2.2.3 2EE 7t Mxt 2M

EAZL 2 ZAES) nVR 2 oo 2 gAk
5)7] fEo] 2E ¥ 24 X2 H48} sl Ao "
2 g9t 53], Ao Aol AHREe] EEY
7 ] glo|= St gRlo] 7hsstr]of ofof tiet &
A= 523 9dolt

w2hA] 7ho] M} IEHS FoiA AlEY EEE A
A 7hs o RE FRlstqiTh

Aol AMEE At 9 AAFE 8 Tl ERoA E3]
AREEE N66 500D HAE i '?":].E"é‘ o= 274
GAIA A== °7\]'7<H§ AMgEE 5L FEo] tigh
A} EAZ Pskolil, 1 A= Fig. 103 29t

w443t ]O]X]:li‘"o] RYAETH, EEH 359
MA5F2 “Grade AA color tolerance (0.8~1.6)" &
£2 Hojglon, SE|B Y, 2F3A9] o= 1
Htt @2 “Grade A color tolerance (1.6~3.2)" &

S ok o] A ok
& gt 240 8 ¢

Qoo], 22 AL AL 3
3 9 A0le o



Fig. 11. Analysis result for the component of AE. Dot
and line indicates AL*. Open dot and dashed
line indicates Ad’. Triangle and dotted line
indicates AF.

Olive Green Chocolate

Fig. 12. Acquired RGBs images of “Grade A color
tolerance" fabrics from flatbed scanner.
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