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Influence of Different Light Source Parameters on Display Performance
of Apple Computer

CHEN Yan-yan, CHEN Guang-xue, CHEN Qi—feng, TAI Jing—let, CHEN Lin-lin
(State Key Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou 510640, China)

ABSTRACT: Objective To enable Apple monitor to accurately display the input color information and predict the output color
effects, we explored the influence of two kinds of standard light source parameters on the color display performance of Apple
computer. Methods Firstly, color profiles of Apple monitor under D50 and D65 light source parameters were made and used.
Then Eyeone Pro spectrophotometer and Measuretool software were used to compare and analyze the color display performance of
color patches after using the above profiles, and finally CHROMiX ColorThink software was used to generate two color spaces
and show Lab values of whitepoints according to the profiles. Results Average color difference of color patches was 7.09 with
most of the gray patches less than 1,while some blue and magenta patches had much higher difference, ranging from 6. 38 to
40.63. From the corresponding color spaces obtained, we concluded that the color of whitepoint under D65 light source param-
eters was bluer than that under D50 light source parameters. Conclusion Monitor display effects of color patches were closely
linked with the properties of D50 and D65 light sources.

KEY WORDS: color profile; light source parameters; color display performance; color space

BEH EDRIAT L A PR & SR DTP BOR BB H . BEORBORBGR . AR B& 1Y 2 @ AL EE B @R A

DARIFHRENHT R G R, AT R G ERIBCR [ R EsRGAR ) B A O R RS A

Wi B
E4WH:
EEE
EiEE:

2014-01-07

KA RAFZ AL B (60972134)

FZF%#@(1989—),‘§? RN, BRI RFMELE TAEHBENL B Z LA,

7 F(1963— ), 3, LE WL A BB I RFHR WELAFH TRMRT QAR FARBELE HF MRS HEALY
R4



e

90 2%

[i] 2,235 ] F10) 2 ol P S B 0 A% 3o 1) — B0, TR ik
TTERE, RSB IE R FrtE b g i
3 AR Hip Rt R ORI A B B
FEPE SO R SO P SR iR 18 1 A T B (0 3R
PR, B E R 5 RGB {E B CMYK {8 T % v
(%) CIEXYZ 5% CIELab ${E" ', &4 MR SCH
SR T A A G R ME RD A B U5 B 1) AR R AR A
B REOREHENERZ T

R AE R A B R ER T
1R A5 B BRSBTS
DLEDFrS A ROR ™ BoR B RS IE SR L B G E
B, SRR IE 5 R A B R SO AR R
PRSI RRE SO R P S A, R AR SO
FeE T R A A R R SO i T A L b R R
() RGB {5 & 2t (A7 H Ok SEI Y, FE T
7R A B R SO, ST R SO R S e B
FER—FRIICH RGB A (8 SR J5 4 1 L 31 (4,
(B 5 53606 RE T A I (A R AT b s, S 2R F i el
Colorsync OHEMARGY | BRI IE R RS
FSERL, I HLAT RAFEAR IE 2 J5 A s S

TETIE R4 i B R SO ad A v, J A
FRE S ILE T, FTERSHAS AR 5
GAMMA {57 FEE AT PRI | BE 0 s S e i e 3%
A SR GAMMA {HHEFT (648 B AU A
BRI ST R 4 6% 45 B A B 5%, B N MR
L2 B X O T RS B R Z 2 EF X CRT &
AN T BB FE ) I FLAR A X R SO A R
SRATIHE , AR BT X3 5 i R #% . SO LA
SPE SR E i A 9ok ELAR T D50 A D65 Y TR S B0 3
S H i R ERE ARSI, LA — 2 TR AR AR A B2 X
A PR A XTIV M SO I DG IR 24
MR A ) — s R BIEH

1 32§
1.1 %%

S A LR SR ALRT R R A, SER EHLR LCD
Cinema 7~ 7 ; 260 12 S L84, MeasureTool %K
1 B & T 5 & A00 Eyeone Pro Il A1t ; A= ol 2
Z3 (a4, CHROMIX ColorThink %% ; & %1 RGB {1
LCD Monitor Reference 2.0 &5 U7

T 2014 405 H
1.2 FHik
1.2.1 I4E D50 F1 D65 JGIR 250 5540 F 35 57 v i
SRR R R SO

1) Wb, PR A%, 2 g, CH
Jii) B A O | I s e 1 €% 4 3L ) B R O e R 4 R
¥ o

2) M« Bondn e iEf iy BB A v o . i
JE 07 i 0 D A g oy 2 (A IR BE AR B (W 1)
VEPE HAR K RECH 1.8 (WLIE 2) , 76 HAR A &4y
FEERE D50 A1 D65 YEUE (ULIE 3) , TIVEAS FDEIRS %L
ST PR R S s A R SO R AR SR 43 i)
#5440 D50 1. 8GAMMA F1 D65 1.8 GAMMA JH#4%

800 SRBRRRFEE

e BRER A R A NG R fh 2%

o Nty

P ZERFAERRBNALKRWIGENBED (RED) .

© RERERE BRADRE, BHONKERENRERTEBSHRER. BHEDR

° BERERY %, EREBESHRICLAPEN. UL DB AN T2
AR

® BHFER

°® HER

® &%
o i
e )

RRESRE, W RS EE.

PR A e O 2 P A

Fig. 1 Determination of native response curve

e8nn SRBEARFHE
EFEIFKERE
o N
~ PEBRBEHOEORERERR. XF 2
e WHLRRBNBENLE. DREDNE o W
0 RERERY KUNBRFEHRANER. EASHWR "
T FE v £ 2.
© BIFRERE T, RAFER Mac o8 KE R 2.2
® BiRER
* HER
® ZR
o &g it "R
A d
1.0 18 22
O ERRERERE

BHEKERS = 1.81
RRESRE, WA RE" R,

(wm ) ( a& )

== J

B2 HARAEE R RO et

Fig. 2 Selection of target gray coefficient

1.2.2 KA ST X 1062 S 7 1) 5 i)

1) TER Gl B s a2 I8 F ARk S
ff D50 1.8 GAMMA. icc,

2) 7E MeasureTool X4+, F Configuring T.H-1%



H35% 9 AR 45 < AN [ IR 2 HO0] 3 28 fl il e 7S PR RE 1 52 ) 91
8.0.0 SRBRARANA e, WKL 6, I HT S5 Eyeone B T H AR LK
EREBRER
o e, MESERUE, LCD BoR a3l £ 1) 99 >k i
® i RS BHEAGN. XHEEER . EXBE .
e :;uxi& WRT, REFREADRBEECDARIPEEA (3 DSO % D6S) .« /j" 7’— % J: y—] [E] 7 /{Q} E N é ij% E/J é&ﬁ u fi D50
oanen 1.8, txt” KA RAE
* EER
¢ S? Dso D65 9300 ® N Monitor Measurement
o @i —
D ERREaX Place your measuring instrument on the left field

B#RE5 = 5048 °K
RRELRE, WA RS R,

(_ &® ) ik

( )

K3 HirH RIS

Fig. 3 Selection of target white point

BEAIE T HA Eye—One Pro, Il A FiZE A E-
mission , L& 4

N.YeNe Instrument Configuration
Instrument () Reflection
[ Eye-One Pro (o () Emission
Transmission

. ¥ Spectral

Port: —
r—— :) W

oK —we

K4 THBEmR

Fig. 4 Instrument configuration panel

3) 7E Test Chart Measurement [ #3500 12 K] 5%
SA“LCD Monitor Reference 2.0. txt”, WK 5,

800 Test Chart Measurement

Choose the type of test chart to measure:

“
(o

['LCD Monitor Reference 2.0.txt [

( Start... )

K5 P i

Fig. 5Test chart measurement panel

4) FEM A A Eyeone 0 i B 5 T R

and click the <Start> button.

Stop ( Start

SN 1}

Fig. 6 Measurement interface

YaNe) Untitled

spkt / 99 Patches
A B

K7 AkiRECER
Fig. 7 Display performance of color patches

5) TERGwIFBCE/ s d/ 36T I8 F R SC
£ D65 1.8 GAMMA. icc, HEH 1—3 4, K B
R MBI DES 1.8, text” A RIT

6) fH M Comparing ( Fb#) T H b Fik 2 4%k
a0 2%, 7E Reference il Sample H7 43 1] 3% $£ “ D50
1.8. txt” F1“D65 1. 8. text” 3L, WL 8,

7) B A R i F% 1 44 8 “ Compare D65 1.8 &
D50 1.8 . text” JFHEFTIRAE

8) 7F CHROMiX ColorThink A4 o kb %58 3 SR H,
IR B 7E GAMMA {820 1.8, (343 51 D50 F0
D65 1 55 N A .23 ], LA K S 7S a4 14 1 R 6B



92 2%

2014 4 05 H

800 Comparing

@ Colorimetric O Densitometric O Tone stability

Reference Sample:
D50 1.8.txt D) D65 1.8.txt 3
Observer angle: llumination:

Delta E -

Average

Total 7.09

Best 90% 6.11

Worst 10% 15.74

Sigma

Total 4.85

Best 90% 4.06

Worst 10% 0.72

Maximum

Total 17.43

Best 90% 14.62
Save Report...

Kl 8 Comparing IR
Fig. 8 Comparing panel

2 RS9
2.1 #R

M 1. 2.1 45 24 SO/ D50 1. 8GAMMA. ice
D65 1.8GAMMA. icc, 55 1.2.2 F555 7 L HRAEH
k= compare D65 1.8 & D50 1.8 . text, W[5 9—10,
PO a3 R LG B 7 #5342 FH DSO 1. 8GAMMAL.
icc F1 D65 1. 8GAMMA. icc X 2 A [l 45 1 S =2
J&i , 9K 3 i 78 LCD Monitor Reference 2.0 SCAS H 1) {4,
Hre S AL i R g b B R B Lab (B9 22 51,
HA L a, b, FEESCHE D50 1. 8GAMMA. ice i ]
JFBROEE R L, a,, b, NERESCHE D65 1.8
GAMMA. icc ffi HIJG BR B ZE R, K10 P55 1
G EERARS 5 2 F1 ok 2 Bl A T b iy 22 @
22 H/NEIKHES

) compare D65 1.8 & D50 1.8text - = x
A B C D E F G H 1 J K 7

1 Average delta: 7.09 =
2 Standard deviation (dE): 4.85

3

4 LGOROWLENGTH 09

5 | BEGIN_DATA_FORMAT

6 Sample_IC deltaE deltal. deltaC deltaH L al b1 L2 a2 b2

7 END_DATA_FORMAT

8 BEGIN_DATA

9 A1 0.54 0.11 -0.16 0.5 0.82 -0.57 -0.57 0.71 -0.2 -0.94

10 A2 5.78 -0.26 -5.74 0.67 1.61 10.16 -28.34 1.87 12.77 -33.49

1 A3 11.81 -1.69 -11.42 2.49 3.92 33.33 -53.3 5.61 41.66 -61.5

12 A4 12.56 -4.18 -11.84 0.46 7.11 50.07 -71.12 11.29 56.49 -81.09

13 |AS 1.27 -1.05 0.42 0.58 178 -31.91 25.29 18.85 -31.22 25.48

14 A6 4.37 -1.07 1.65 3.91 1846  -22.57 -1.32 19.52 -20.37 -4.95

15 A7 10.93 -1.59 7.8 7.5 19.33 -6.82 -27.28 20.92 -0.31 -35.92

16 A8 17.43 -1.65 -16.06 6.58 21.29 9.62 -47.4 22.94 20.15 -61.19

17 A9 271 -1.41 -2.27 0.45 34.71 -46.55 43.76 36.12 -47.88 45.64

18 B1 3 -1.54 1.26 2.24 35 -42.33 228 36.54 -42.23 20.23

19 B2 8.77 -1.69 18 8.41 35.43 -33.47 -1.86 37.12 -30.17 9.8

20 B3 15.26 -1.9 -7.31 13.26 36.26 -21.88 -22.87 38.16 -14.57 -36.13

21 B4 6.35 -3.77 -5.08 0.47 47.95 -58.97 56.38 51.72 -62.3 60.25

22 BS 4.86 -3.77 -2.93 0.93 48.15 -56.27 40.24 51.92 -59.19 41.17

23 B6 5.76 -3.85 0.21 4.28 48.51 -49.84 17.63 52.36 -50.9 13.47

24 B7 10.48 -4.13 0.42 9.63 48.97  -41.47 3 53.11 -39.25 -12.37

25 B8 3.12 1.12 2.56 1.4 7.46 24.54 11.34 6.35 22.74 9.05

26 B9 6.36 0.19 3.3 5.43 8.38 30.21 -16.48 8.19 30.02 -22.83

27 a1 13.17 0.32 -12.7 3.45 10.82 38.37 -41.26 10.51 44.14 -53.09

28 2 15.63 -1.82 -15.24 2.95 12.83 49.69 -61.36 14.65 56.74 -75.19

29 a3 3.45 -0.19 -1.56. 3.07 21.2 -8.78 30.32 21.4 -12.2 30.8 L'J
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C D E F G H 1 J K
115 -
116 Sorted by dE:
117 |11 042! -0.31 -0.22 0.18 1.13 -1.33 0.17 143 -1.51 0.38
118 19 0.46 0.08 -0.35 0.29 0.46 0.41 -0.46 0.38 0.86 -0.44
119 A1 0.54 0.11 -0.16 0.5 0.82 -0.57 -0.57 0.71 -0.2 -0.94
120 12 0.67 0.2 0.25 0.59 3.06 6.21 3.76 2.87 -5.68 4.11
121 |H2 0.8 -0.13 -0.24 0.75 0.73 -0.33 -1.5 0.86 0.43 -1.73
122 K1 0.81 -0.64 -0.4 0.3 1.43 -1.33 1.24 2.07 -1.83 1.25
123 1 0.94 -0.12 0.57 0.73 1.33 3.86 1.23 1.45 3.46 0.39
124 F4 1.03 -0.25 0.78 0.61 27 48.42 43.6 27.25 48.24 42.62
125 14 1.05 -0.74 0.67 0.33 24.47 -37.64 33.55 25.21 -36.92 33.34
126 36 1.05 0.56 -0.64 0.62 2431 44.82 37.25 23.76 44.91 38.14
127 35 1.15 1.08 -0.33 0.19 21.92 42.5 34.31 20.84 42.63 34.67
128 K5 117 0.41 -0.15 1.08 2.36 0.9 -0.23 1.95 -0.19 -1.06
129 13 1.24 0.04 -1.21 0.25 8.9 -18.32 11.86 8.86 -19.2 12.74
130 8 1.26 0.29 -0.86 0.87 1.95 -1.79 -1.01 1.66 -1.88 -2.24
131 |AS 1.27 -1.05 0.42 0.58 17.8 -31.91 25.29 18.85 -31.22 25.48
132 F8 1.28 -0.32 -0.45 1.15 33.04 31.18 48.77 33.36 30.44 49.76
133 |2 1.28 0.58 1.14 0.06 3.3 11.79 3.68 2.65 10.68 3.4
134 15 1.59 -1.32 -0.79 0.4 29.92 -43 39.69 31.24 -43.31 40.51
135 39 1.86 -0.03 -1.76 0.61 0.65 1.66 -1.78 0.68 2.22 -3.56
136 17 191 0.54 -1.4 1.18 25.92 46.53 40.02 25.38 46.81 41.83
137 D6 2.39 0.97 1.96 0.95 18.01 38.22 29.66 17.04 37.23 27.72
138 G3 2.63 -1.01 -0.83 2.29 43.42 5.24 57.24 44.44 3.02 58.23
139 |A9 271 141 -2.27 0.45 34.71 -46.55 43.76 36.12 -47.88 45.64
140 )4 2.87 0.89 2.7 0.38 15.14 34.88 23.81 14.25 32.85 21.98
141 13 2.97 1.46 2.07 1.54 11.58 29.58 17.36 10.11 28.53 15
142 E1 2.97 -0.01 0.99 2.8 26.84 14.31 38.87 26.85 11.34 38.81
143 B1 3 -1.54 1.26 2.24 35 -42.33 22.8 36.54 -42.23 20.23
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Fig. 10 Color difference of color patches
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Tab.1 Comparison of Lab and AE values
for gray patches
DIRERTER

AE L, a, b, L, a, b,
nm 0.42 1.13 -1.33 0.17 1.43 -1.51 0.38
19 0.46 0.46 0.41 -0.46 0.38 0.86 -0.44
Al 0.54 0.82 -0.57 -0.57 0.71 -0.2 -0.94
2 0.67 3.06 -6.21 3.76 2.87 -5.68 4.11
H2 0.8 0.73 -0.33 -1.5 0. 86 0.43 -1.73
Kl 0.81 1.43 -1.33 1.24 2.07 -1.83 1.25
JI. 0.94 1.33 3.86 1.23 1.45 3.46 0.39
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Tab.2 Comparison of Lab and AE values for
blue and magenta patches

R[N
AE L, @ b, L, @ b,
B3 36.26 -21.88 -22.87 38.16 -14.57 -36.13 15.26
C2 12.83 49.69 -61.36 14.65 56.74 75.19 15.63
C6 23.81 17.98 -43.11 25.26 25.3 -57.41 16.13
D9 21.45 52.4 -46.75 22.16 58.15 -62.32 16.61
E4 28.86 30.44 -34.52 29.87 34.92 -49.47 15.65
E8 40.63 0.97 -15.54 42.02 3.71 -29.55 14.34
G2 34.69 41.99 -24.63 35.84 45.85 -39.26 15.18
H8 6.38 44.12 -64.91 8.76 54.27 -76.25 15.4
K3 26.24 53.97 -30.93 26.55 58.45 -45.84 15.57
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