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A Study on Color Management using the Gray Balance
Method in the Domestic Flexible Packaging

Gravure Printing

A Reum Lee

Dept. of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

In recent years, in addition to the corresponding size and a variety
of high-mix low-volume production in the flexible packaging gravure
printing, requirements are. also increased in terms of quality. Because
the color is one of the evaluation criteria most commonly in terms of
quality in particular, it 1s. necessary to.eolor management in the
printing process. It is the-use of gray balance method using the
standard 1SO12647-4 of publication gravure printing that can be not
the international standard of a direct analogy flexible packaging
gravure printing, but reference. This method may be useful to color
management flexible packaging gravure printing by being able to
control the gray balance by NPDC(Natural Printing Density Curve).
As well as in the values of TVI(Tone Value Increase) curve, is
considered a message visual characteristics as a definition of the

dot-size of the graded scale of the separated color plates grayscale.
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First, prepare a manuscript of test form that is suitable to check the
gray balance. By applying the standard conditions of Helio plate
making which was confirmed by the test print, and create and print
C, M, Y, K copper plate of 175 lines. The printing substrate is a
flexible packaging material there is no penetration of the ink. So we
were used in producing the two types of ink solvent type for the test
print. Further, compared to the scale with reference to the gray scale
of the test printed form. And to-be-the best form of NPDC requiring
printing machine to- calculate the RIP curve correction value for the
halftone dot percentage. The values were calculated and corrected by
typing C, M, Y and K plate every RIP. curve. By making the plate
again and printing was performed ' in flexible packaging gravure
printing color management using the gray balance method.

In addition, measured ‘color values and density of the gray scale to
check the execution result color management. Using the value, tone
reproduction characteristics and 'gray balance, “TVI, that is, a
comparative analysis of dot gain. Not only were compared and
evaluated and color gain source volume using the CIEL=axb* color

space.
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Ink

Paper

Figure 6. A reflection density of the printing inks.

7F e dernE 2E7F £2°C, Al 5 (relative humidity)s= 50 +
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2ol Eid

ISO 5-4:19959] 'Photography Density Measurements — Part 4: Geometric
Conditions for Reflection Density’dlA = & =4 Al 4 A58 =&
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FE 1504029 WEmatt)d A5S @Fsn Yt wEd FREE
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i Sl
Table 1. Classification on the Filter Characteristic
Classification Characteristic
Status A Measurement of Transparent Film and Reflection Copy
Status M Measurement of Negative Color Film

Status T Measurement of Reflection Copy the likes of Printing
Status E “DIN Wide-band” Standard
Status 1 “DIN Narrow-band” Standard
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Fold +=AS eI
CIE L'a'h" &<'2 (D& +& 4 Sk

L = 1160¥/.F2-16 (1)
a" = 500 [(X/GH* -8y,

b* = 200 [{Y/Y )" - {2/2.3"]

(T X/X, > 0.008856, Y/Y. > 0.008856, Z/Z, > 0.008856) )

Table 29} o] &+ &k WAL (PRD: Perfect Reflecting Diffuser) 2]
32 grolth.
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Table 2. X,, Y, Y, Value That is Tristimulus Values of Specular Surface

Standard "Light
Source Observer Xn Yo Zn
4 95.047 100.000 108.883
D 10° 94.811 100.000 107.304
2° 96.422 100.000 82.490
D 10° 96.720 100.000 81.410
2-6-2. A3}
1967 d°l CIE f193lolA= A3 W44 CIE 19762 E®saL, °]
WA Aol A Abgte] wom AT & e JPE A2 AR @S 10e®
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3-2. 4¢g 71AA

3-2-1. A3

2 Al AREgE 2ebr]o] Q137 Figure 99 2ol SAM SPRINT250-D10
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To Agson, Q3 £+ 200m/min.® S

Figure 9. Gravure press using In an experiment.
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A= Au]el X-Rite 528 Spectrodensitometer, 2% %] =4S 93 il
Pro¢} iliSis XI. SpectrophotometerZ z}7zb A}-&3}53th.

Lk A= Ay B4 1SOAA F<dgk 2012 Hutch Color, LLC. &
CHROMiAFe] Curve 29} AlwanAle] Print Standardizer 52 83}t

_17_



53 A2 Helio engraving G3 d2]Q 77| & o]l &3td e =4
2 Table 33 Zt} o] w Ap&3 Ady #4842 A7 60mm, 4eo]7}
1,300mm, # 7 °] 191mm= 3} 3t}

Tk AfE s3] g d@AEd wE C M, Y, K 539 A =27]

(cell size) W3} Figure 107 2t}

Table 3. Copperplate Making Condition

Color Stylus Angle-| Engraving Angle | Engraving Line(LPI)
K 130 4 175
C 130 2 175
M 130 0 175
Y 130 A 175
—C -=M Y ==K
180 //‘ 185

5% 10% 25% 50% 75% 100%
Dot Percent

Figure 10. Cell size of C, M, Y, K copperplate by the dot area rate.
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Figure 11. C ink in gravure press.

o

53] 7hAIG dFelA AT JAe +F WSS Figure 129 %
t}. o] w A}&3F spectrophotometers= X-Rite iliSise]lon, =4 %7

2 2% Aok D50, 0/45°(geometry), W18t =% M (status T 7]5)0]
=

_19_



i Y —K

(94) 2oUeRAaY [R4PIdS

%)
™~
/
I

400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700

Wavelength (nm]

Figure 12. Spectral reflectance about C, M,~Y, K ink.

3-2-3. ¥ A A

B A ARSF A= YA Ee|Z&dal 259 OPP(Oriented
Polypropylene) A& AR&-3lGitt. ¢ OPP & IAfA= W FEA
WEd, BsAde] Holui 53], dd e A8 I

=2
A oAl hsl Bl Fud Z2iE A& 40T

’

i
o
_\}L
o2t
18
EN

3-3. 43 WH

Ankd oz oA Ao A mFE T HY T & A=Z A
&sta e o] My Aol dS AXxA agknojd o= 1
= A&stet =, o] =AY T4 FE @ e 2de] &

o} E Alolo] #AQ NPDCZE 1 9]
WAXS AEES 5 o2 AxA aghvo] Qs Ay e
1

epulo} o] 5L oz Al Aol Hate] Az

_20_



7b o A SN wE7F =vh 2z A MY AS AA 3%~
97%7HA 94 GAE ARyl ZEpnojla o] A T9%~64%74A 57
AN, F3F =2 Wsyh Asiut whebA Ziepnjo] A e Al Al
EA4T Axg 1dA god [ o2 A Eo] k. M)

WA Figure 137 o] 4= 57 2ekv]of A7 Fx 54
golsl7] 9] IDEAlliance test forme <1 sttt 53] o] <A 4
dEA Ao gk Arlugoeld et o] WHA s AT
T At Aol A o] WRlAZE SRR Ay Ad vt BE A
G A7 A3=-NPDC RS o} A EFo=EHN ofd ZAHS

[e3]
2T

]
ol

3 43
A 53 Azt A 44 23 RIP curve XA #HS ol o] W
HaE 93k Ao = o i =8 FS HASGESE It WA
IDEAlliance test form $1#EolA &S P2P E71S 22l X-Riterl9]
iliSis S 7|2 SAstAH. o] ol F4 =282 D0, 25 Aokl =
A Al AR A E o)== X-RiteAt 8] GretagMacbeth’ ProfileMake
Measure Tool< “AH&skith 3 Q13 ¥l IDEAllianee test form® P2P
El7l o] aAYS - 2A Dol N st 7|7 ¥sE NPDC
B s g HAES Q& RIP curve B4 ks ARttt o
o AREgE AZE o] E2 2012 Hutch Color, LLC. & CHROMIix, Inc.
o] Curve 3°]t}.
w3k Figure 133 7o) AlAbE S RIP curvedl A C, M, Y,
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o} ohel 49 ARE BAshy] 9)stel PP BAle] B 2 A
< X-Rite iliSisZ 74 3} At}

"'“n'i,.h‘?_‘*——-—;_‘ W8 Copperplate print

et Making Gravure printing
-

Copperplate print
making (gray balance application)

‘measure P2P target

~ corragtion value

GretagMacbeth ProfileMake
appI Rl calculate RIP curve g

measure tool

Gray balancs application Cures

N IDE.A”"’P“. test'_ :'; measure P2P target | /

result analysis

Figure 13. Application process of gray balance method for color

management in gravure printing.

=4E A kS o] &3lo] Curve 3 Software ToolZ AlZ A& 54
9 gray balance, TVI #H EA4& 53 TE A<l(dot gain)< WXL &
stk =3 AlwanAte]  Print  Standardizer ToolZ  Al-§-3}o]
CIELa'h” Ag F3olA &g T2 Ad(gamut)s ZEZH
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E vl FHUEEAY AYWS C M, Y, K8 & R, G, BE
ab'ES V7 AEE Tzdete] Az dded Az AAAA 7
QAP WE & & od AFE Fad Qo By ok =4
3 CIEL'ad 2@ @S olfeta A4 TFeolw, 1 A3 ¢S vl 3

7}& T 9101
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4. 23 % 1#

go] M AB oS AxF 2 ddE IR A &st=
Aolth, webA] GRACO0L2006 Coated2t ISO 12647-2 Coated 7123} H
A BA 7] Yete] A HZE FOCM, Y, K £9= A9 &
T % CIEL'a'b” #< F38tiL, 1 A345 Table 4,591 27 e A

nt

Table 49 A3}t9l 7o) GRACoL2006 Coated 7123 H|nEH Fx
A7k C, M, Y, K7F Z+2F 0.05, 001, 0.00, 0112 =5 && 23 W
¥ty A%4E Jelfdoh =3 1SO 12647-2 7+ 43 Wl wgt A3 1l
T 27 Mok Y =29 A4S 0013 00302 % FAS s Ad
S Yepdidth, 28t K d3+ s E &7F 01002 E o3 ¥
£ Hojd ISO 12647-2 748 424 s #u o olsA Yewt
o] A& K YA HdolFel-wmp2 A Bl Ayt AzE)

Table 59} 7ro] GRACO0L2006 Coated¢}¢] CIEL'a'h” oz Mars
TE A3 C YdaE 3 M YAE 3 Y 938 3, K 93 42 4 =
< S YER AT

T3 I1SO 12647-2 72 3¢ CIEL'ah" gtoez Mas 43 Ay C 9
E 2 M Y3E 4 Y 93+ 5 K d3= 52 7 =& A4S UE
Wtk GRACOL2006 2 ISO 12647-2 T+4 9] 3§ $x71 50]akeld]
AT

[e] =] [e]
o] FAE EF W EE Hew Jads &

N
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53] GRACOL2006 1 Z#k wlaake] L, &', b° gh& 747k gl a4
C Y=+ hue angle? chromael| 93] A7} 7= Sla, Yo K 4=
+ lightlessell &J&ll M7t 7hz¥ Aolw o]t J=a 5AS e st

49 #el2 stolof B oz AR

Table 4. Comparison of Density Values of the Test Print C, M, Y,
K Solid Ink, GRACoL2006 Coated and Standards of ISO 12647-2
Coated

Color Comparison Items
GRAC0L2006 Coated|ISO 12647-2-Coated| Test Printing dD . | dD
Density Density Density - -
¢ (010 (-/-006) % 005 | 005
M (/010 (/009 144 001 | 001
b (/010 (-/"008) - poo | 003
K i L 1.80 010 | 010

Table 5. Comparison of-CIE L'a’b" Value of the Test Print C, M, Y,
K Solid Ink, GRACoLZ2006Coated and Standards of ISO 12647-2

Coated
Comparison Items
Color GRAC0L2006 CoatedISO 12647-2 Coated| Test Printing
CIEL"a’d" CIEL"ad" CIEL'ad"  |AEw1AE

L a b’ L a b* | L" | a | b
C 55 =37 | -48 57 -36 | 49 | 55 | -36 | 51 3 2
M 43 73 -2 50 76 -3 |50 | 72| -4 3 4
Y 39 -6 9 90 -6 89 | 92| -7 | 9 3 5
K 15 0 0 16 0 0 1] 0 2 4 5
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Figure 149} #+o] GRACol 2006_coated 743} CIEL'ah" 2} & 3toll A

hue®} chromas &<Qlst A3 124 C, M, Y 437l ZF 38 ¥H

Well glovt 2244 Bl A5 sl& WeE Holdown B 2 Aol
297

ool Aew AmHd,

Ink Hue / Chroma
=

e
B

%[ﬂﬂ..

Figure 14. Hue/Chroma result of C, M, Y ink in CIEL"a"b" color space.

4-2. ¥ o] Ehx Aol HE

ago] WH A AyB oMo A3 RIP curve B4 #HS 27| ¢
) J= Holgo] $Fate] A AMEAo] 53 Ao AW FHU| 7}



Ag]Beele] Hof A = FEHelAM C M, Y, K Z3ds s

i

HAE Z iox 73 7+ 9= Jd=a9 % 2 CIELab #e
HgafA A % ¥ IDEAlliance test form P2P B2l el C, M,
Y, K 2A9<S =43 A3} Figure 15(a)9} #& ZA3= At} Figure
15(a)e] Ao} o] #oll QA FH HAE] Ha AfA] T oy
2 3d HJAETL S s & F dow, AAg e Alx AFo
o] Fo]H& FlstHtt wekA Figure 15(b)9F #o] o]zidk W g

2 owgsts 33 e FAnF 4Re w4 g ANs] Q@

2

A2 RIP curveE F7AetaL Qlasi= Ldlo] Wdlx ABy oS
438ttt 1 A3 Figure 15(c)¢F #Z°] IDEAlliance test form P2P
2 C, MY, K &A1l —Letn]o] A dfe] 39 7%~64%7A F3F
o] Wisl7l Algtt] AoHY BAE APstE A4S 45 5 YA

T

CMYK scale/dot precent, %
(a) measured values(C, M, Y, K)

_27_



] . ! — - T — ‘H\‘h.
i} 5 ){ ‘ j}( 30 35 40 451 50 55 {51} BS _?D‘H\L ’ &t

4 C scale/d ent, % h'-ﬂl
(bl)" correction value w in RIP cﬁ;*ve

!.,. 80 95 100

All

|00

iZ ~
& f
65 H"L-.ﬁ - — ——

o 5 10 15 20 25 3D 35 40 45 S0 55 B0 BS FO0 75 B0 85 00 95 100

CMYK scale/dot precent, %
(c) after RIP curve correction
Figure 15. RIP curve correction for gray balance application.
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4-3. NPDC 23}

ago] Wy Ag B olds AE3t7] A, Ad¥ IDEAlliance test
form P2P E}Zl9] 4 HAEEW FA % & 543 A7, Figure
16(1)¥ o] NPDC7} red A B olAth. AAl @38t= 719 T4 &
% ZF NPDCE green curveol B2 Ast xto]7} gleS o 4 ddrh
kA o] 2AYS Fx 2AYe Hlusty AATI7E dake
NPDC R¢o = fittingAlZ2 a7k oz 1A S Aibste] 1
o] iHx AP HgolAS Agee eN Figure 1629 2ol Fxzka
Z4%S N2 FASHA AAAZE £ A

53] o] ARE2N U FE8E X Ko AXY TehH o9l 2
A FA w2 g AdS NPDC = 3 Zlfe2 24 S Heder

A o] My A7) olFolH 2 dEE Eel= Aol Zhesiit.

e Dersity: 1.498[ Max Density: 1 534|

(a) CMY (h) K
(1) The NPDC of CMY,K before applying
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W Density: 1.421 | M Density: 1.427 |

(a) CMY (h) K

(2) The NPDC of CMY K after applying
Figure 16. NPDC result of before and after-.to apply. gray balance

calibration.
4-4, 1ol BHX A

Figure 17, Table 62 o] WX AgByolHd HE Az £
#5 Fx3 NPDC=HH 1ebd]o]l 2143k IDEAlliance test form P2P
Eb7lo] CMY S K 2AY 54 3139 Delta L™ Ax& vERA Zlojtt,
Figure 17(a), Table 6°] ZA¥}9} o] Tdo] My~ A old A&
Al A%, Hi 715 Delta L'o] CMY =AY¢l A% 341, K =AY

=

49 6922 GRACoL G79] &8 ¥ 159 zko]7t

o

T3 Ha 7} Delta LolA CMY 2A199 A$ 743, K 2A14 7
G 142402 GRACoL G79] 3-8 ¥l 3.0 AEe Aol7t des &
d3tAct a2yy adgo] W AHdold AL ) Figure 17(b),
Table 62 Ay} o] #+ FHE3F GRACoL G739 Hit 7F& Delta
Lo] CMY ¥ K =AY 2% 0.78, 1.142 GRACoL G7 &€& H¢ 159
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Curye Shape (delta-L* for CMY & K)

20+

— Chiy dL* — KidLr

0 5 10 15 20 25 30 35 40 45 S0 o5 GO B® 7O 75 B8O 65 80 95 100

(a) before
Curve Shape {delta-L* for CMY & K)
- B
8 o . . — — - N . |_ L
i |
| )

: , N | | v

44— —.[—v A " — T e - . |— N
o | W, L
Elr-_ . —

)

| el |
1 F
4 o |
A ! ! |
o | _'_mﬁ‘, dlr o 1 1 f | —
8 —— ; W ————————a
0 "-__ 5 M0 oith 0 25 ‘& 40 45 P esl0 75 80 oSy 5§ 100

5 i

(b) after
Figure 17. Curve shape of Delta-L"rcomparison for CMY&K of before

and after in gray balance calibration.

ERa =y
w3 Hi 71 Delta L' %= CMY 2 K 2AY 2% 232 2952
GRACoL G7 &€ H¢ 30 olatE Yepdozx o] Wexs A By

F

olde] A A gol w lightness Aol FAE Avtel Amg
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Figure 182 ©]4# ¢ GRACoL G7 z#lo] W&~ ezl g3 wjush
P2P E}71e] CMY A Aol A o] 81 E Delta ChZ, =& P2P &}
72e] CMY 2712e) dlgh zhztel Ao a'sh b'ghe thebdl e o),

el ke A ot ¥Y] de Rt

53] % g5y
=7] wielth. Delta Chie ©]’d4<¢] GRACoL G7 1#lo] Wl zof H]
WA FH A oAy E BolForN TA gl WA el £F
3l 7]50] Ht} Figure 18(a), Table 63} zo] —rglo] Wy~ g vy
o]de] A& M A, T gk GRACoL G73 HlaLste] o] ofyd

a9t b Ftel P2P Bl CMY Ziglo] Ao EATgo=zN Hat 7}
% Delta Ch7}259%2 GRACoL G79 3§ Wel 155 Hojwr =3
Hi 7t Delta Chx: 4569 2 GRACoL.G7¢] 3& WS 305 "ol

o224 ade WHAERHASS 4 AT

Table 6. Curve Shape & Gray Balance Comparison of before and
after in Gray. Balance Calibration.

Curve Shape
Color

avg. wdL"(before)+avg..wdL"(after) | max. wdL’(before) | max. wdL"(after)
CMY 341 0.78 7.43 2.32
K 6.92 1.14 14.24 2.95

Gray Balance
Color

avg. wdCh(before) |avg. wdCh(after)| max. wdCh(before) |max. wdCh(after)
CMY 2.59 1.41 4.56 2.86

gy ade] Wyl A Bgoelde]l AHE $92 A Figure 18(b),

Table 63} o] H 7}% Delta Ch7} 1.41E2 GRACoL G79 3§ ¥
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Gray Balance (CMY a*, b*, dCh)

15~

o

— ChY dCh — Chfy a* — ChlY b*

15 T T T T T T T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 FO V5 B0 83 90 85 100

(a) before
Gray Balance (CMY a*, b*, dCh)
i ol — —= — =T
|
! T |
104 >~ ‘-— e — : o |»- i 4
£ g _.; . gl | . 4 L
' G e —~—
0 - ‘
: i | I
D= | W
I |
Ad: | _! !_ 1
—cmwcn —“a L | [
| 1
o 0 g oD .;ég,. 0@ 45 ROERERT: S0 75 s Jes a0 dasd 1o
(b) after

Figure 18. Gray balance comparison of before and after to apply gray

balance calibration.

159l EA AL, ®3 HaL 7% Delta Che 28622 GRACoL G7

o 3§ W9 309kl EAFOEA el WHxT} o FoH AL &

23t
webd AEg aepulel A el Wyl Aendeld gL

ISO 12647-2 +2A<¢ 3¢ HYE A stAA 18 o] WHAXAE 7)Fo =
b ET 2wk G7 1A ol EAFg RN o] MHUAE Faf 2
2 w7 hsstdttal Abs e
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4-5. TVI AX. 54 A=

ISO 12647-2 #4o] w2 &4 ggo] 191 45 TV 50%14 C

M, Y& TVIZF 16%+3%°] i, Ko TVIE 19%+3%E Uetdth w3 =
o aemola e A FFE 4 ISO 12647-40] wEW TV 50%°l A
TVIZF C, M, Y, K EF 18%+2%(Z& 7|9)E 7|Eo= &x gt} 1
g o] FFAM AAEE TVIE Hold 4% A8 oert s,
1 T3 Q7 245 o g A oyE AN BER <y #HF
oA TVIZS of gk},

2 AFeA AxY Tee] HZE A AR, 1ee] Wy A
BYold ®BA Fkol AE&HV] A A5, VI AB 53L& ‘Figure 19¢}
29k}, Figure 19(a)9k 2] 50%°4 C& 29.5%, M 31.3% 12|al Y
= 314%, K& 35.0%9 TVIE YEpATh dubxiog 50% 43 A&
oA TVIZE 7bg w=odl vlate] 2 Aede] AL&3t 273 ehu]oel )
dae FE7) vl TV 15%FH SO #29 TVIRT AA verde

24 49 o7k 7R Ads Fdsv mEtd el Jda 54

|
olr

a e del #evt 2o o= RIP curve B #h& ki, 1 #bs
A8 dark glvka AlsEh

Figure 19(b)oll Z1@lo] W2 AglEdoe]ld BA Flo] H8H £
A3 & JeERRAT Figure 19(h)9 2o] 50%014 CE 21.9%, M
22.3% 13l YE 254%, K& 236%¢ TVIS 7MA B2z go] W
ABgold A8 At F4E Ans el

a8y ISO 12647-2 3249 C, M, Y9 TVI 16%+3%, K¢ TVI
19%+3%2°] 3§ W R C7t 29%, M7} 3.3%, Y7t 6.4%, K7} 4.6%
U] E7kek TVI @ Jetdided o4 Hert ve Axg o
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da EAel o Axet A€k = C, M, YO TVI ghe] w53}
A delgo @ CMY 1do] AU 23 A olA] 1d o] WH v}

o BN
ALgE As & 7 dAh

Results

2 S : Results
[Tit% CTVI MTVI YT¥I KTV [Tintws CTWL  MTWI YTVl KTWI
0 0.0 0.0 0.0 0.0 o 0.0 0.0 0.0 0.0
2 0.1 Iz 2.6
4 4.6 4 1.4
5 2.4 30 110 5 3.5 2.3 2.5
6 2.1 l6 0.8
8 13.0 la 4.2
10 9.0 100 187 17.2 |10 8.0 7.1 43 8.5
15 23.1 |15 13.2
20 19,2 210 266 288 20 e 137 2.9 14.3
|
s 324 |5 he
a0 552 280 407 348 Iao 16.7%, 17.7 164 19.4
x5 260 | |55 ahe
o 384 Al les 32,20 3gg- 140 2000 0 21,3%, 230 216
e o 45 7227
50 20.5 31.3 31.4 3.0 Z:g b F o Z:g
22 331 [éo 209 %2067 5.4 218
&0 270 278 779 306 o ' K . 20'7
i -4 70 i7.4 169 % 2.9 Kisz
70 28222 226 E47 e e
& F 20 s 1141 17958 k27
a0 152 7 158 158 17.3 a5 {00
& 13.2 a0 8.5 8.3 [od 7.1
a0 8.6 LR 9.1 9.3 a5 5.2 4.8 51 3.4
%5 4.6 45 4.9 4.8 o8 1.7
98 1.9 100 0.0 0.0 .0 0.0
100 0.0 0.0 0.0 0.0
» o =
& ; -
il = S
3 e ® |
2 i B
5 il
/) W
) (Tint, %)

(a) TVI of before to apply gray (b) TVI of after to apply gray
balance calibration balance calibration
Figure 19. TVI(C, M, Y, K) character comparison of before and after

to apply gray balance calibration.
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4-6. CIEL'ad” ## F7telA He AR

+ Figure 20 #t}. Figure 203 o] M, R,
93 5402 IT 87/4 g2le de] A% =&ut wWe d3E U

(a) before (b) after
Figure 20. Comparison of color gamut(ah’) from CIEL'ab’ color

space of before and after to apply gray balance calibration.
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