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Research on optimizing development environments to improve

color consistency of GUI in automotive infotainment systems
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Abstract

This research explored a new development environment workflow for ensuring color consistency, which
is an important factor in the design and development of graphical user interfaces (GUIs) for in-vehicle
infotainment systems. The main goal of this workflow is to enable consistent color representation across
different automotive display environments. The first step was to thoroughly analyze the characteristics of the
different types of displays found in vehicles, including AVNTSs, clusters, and HUDs. Through this analysis,
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Research on optimizing development environments to improve color consistency of GUI in automotive infotainment systems

we understood the color reproduction characteristics and limitations of each display, which allowed us to
identify the optimal technical approach to ensure color consistency. As a result, the ISO 15076-1:2010
standard, based on profiles from the International Color Consortium (ICC), the international standard for
color management, was applied to the GUI development environment. By applying this standard, developers
implemented a workflow that ensures that the original design intent is consistently reproduced in different
display environments. The technical approach proposed in this research provides a new methodology to
effectively design and develop GUIs for automotive displays while maintaining color consistency. The
results of this research are expected to make a significant contribution to improving the user experience of
automotive displays. In particular, the importance of this research is highlighted by the importance of color
consistency to the user's visual experience.

Keyword : infotainment display, graphic user interface color, image quality, color management
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[Table 1] Display Attributes
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[Table 2] Sampling Color Patches
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[Fig. 1] Sampling Colors for characterization
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[Fig. 2] Sampling Colors arranged in three-dimensional space
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[Table 3] Characteristics of infotainment displays

Display Luminance CCT TRC Color Gamut
AVNT 10.3” 1,011.52 8292K 2.27 88.03%
AVNT 12.37 920.86 8449K 230 83.70%
AVNT 14.5” 857.63 7951K 233 82.64%

HUD 1 90.35 6352K 2.26 54.56%

HUD 2 93.44 8262K n/a 58.14%

2} A|Z C|AE2)0]|9 &7|(White Luminance)= 857.63~1011.52 Zt&2kcd/m2) £=0|0, HUDE=

HEAFR Z2HM 0|2 7|F2 2 90359344 THEekedm2) $FS 2L
MR T(CCT)E 7951 ~ 8449K =22 9f 500K LHQ[| XtO|E 7K1 YASS QIS ULt
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[Table 4] Primary Color Characteristics of infotainment displays

. Red Green Blue
Display
X y X y X y
AVNT 10.3” 0.6367 0.3411 0.2984 0.6070 0.1477 0.0533
AVNT 12.3” 0.6327 0.3414 0.2899 0.6199 0.1490 0.0522
AVNT 14.5” 0.6335 0.3397 0.3098 0.6082 0.1510 0.0536
HUD 1 0.5854 0.3784 0.3198 0.5899 0.1633 0.1553
HUD 2 0.5716 0.3733 0.3173 0.6018 0.1607 0.1574
BT.709 0.6400 0.3300 0.3000 0.6000 0.1500 0.0600
DCLP3 0.6800 0.3200 0.2650 0.6900 0.1500 0.0600
1.0
y
0.9
ProPhoto
. e sas,}a%K | /AVNT 123
2585 &
510 RS540 . AVUNT 14.5

0.7
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05}

0.4 5495

0.3

0.2 .
" Purple line
0.1 ]
| Wavelengths in nm
f
0.0 L=

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

[2& 3] CIE xy M==4 ITU-R BT.709 & CIAZH0] & Green 2| %tO]
[Fig. 3] Difference between CIE xy chromaticity diagram ITU-R BT.709 and display-specific Green
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[Table 5] Deviation between identical infotainment displays

Display Luminance CCT TRC Color Gamut
oty P o o)
AVNT 12.3” (662060;) éf;ffg) wa %llgi/)
w20 s o1 i

QIZHQIME ClAZZfole] 2tH AT7[E Myo| X0z [H 6)at ZCh Cl2E0[Zh A
(Primary Color)®| X}O|& RedM|Al xly 0.0002~0.0017, Green®lA xy 0.0011~0.0198, BlueOlAl x|y
0.0003~0.0043 =&2| X{O|§ HO|= A2 = AZFERACH

[E 6] QAZEHQHE CIAZ20] ot 7|8 Mo X}

[Table 6] Color deviation by infotainment display screen size

Red Green Blue
Display
X y X y X y
. 0.27% 0.26% 6.64% 2.41% 1.88% 3.63%
AVNT 103 0.0017 0.0009 0.0198 0.0148 0.0028 0.0019
. 0.22% 0.38% 0.65% 0.19% 0.20% 2.12%
AVNT 123 0.0014 0.0013 0.0019 0.0012 0.0003 0.0011
. 0.03% 0.20% 1.52% 0.18% 1.85% 8.06%
AVNT 1435 0.0002 0.0007 0.0047 0.0011 0.0028 0.0043
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[Table 7] Calibration factors for GUI workflows
Factor Value
Observer CIE 1931 2°
Whitepoint 8231K (x 0.2916, y 0.3068)
White Level Display Maximum
Black Level Display Minimum
Tone Curve Gamma 2.2 (relative)
Black output offset 100%
32 GUI C|AER 0] 20U HWE &F
QIZHQIHE C|AZ20|t RARE GUI X Yetde ==dt/| flot ClAZ20] Z2utug HEH
= Ol [ gldf 20| ==&, [AF 412 20| HESHALE [12]

[E 8] GUI 2etde 9ot Z2nid e
[Table 8] Profiling factors for GUI environments

Factor Value
Profile Type XYZ LUT + Matrix
Sampling Colors 175 (125 Multidimensional colors)

RGB,, VRAM RGB, CLUT RGB. Manitor Laby
(display)

[28 4] CI2E30/0f LUT XE
[Fig. 4] Applying a LUT to a Display
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[Fig. 6] Simulating Infotainment Display
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w Measured Values Color distance
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04 -43. 83 46.09 -0.03 061 11 1.26
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16 -11.64 539 (1] 0.3 1.54 1.57
17 1977 6 -0.13 038 1.81 1 66
18 -12.07 42 76 -0.07 0.05 1.67 167
19 a7 18.74 -0.45 02 034 06
20 -45.14 3729 -0.09 1.04 091 1.39
21 23147 -48 37 -0.36 078 216 167
22 -28.2 -8.92 o.o7 0.45 0.1 047
23 48.02 -3 -0.21 0.69 0.3z 0.7a
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[Fig. 7] Simulation Result Color Accuracy
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2 #2lof 7|05k, Gur CIXtel AN Mol He 8¢ 2td 7= A 2T Ef2 TR ook
Eoh MYS BASIEE ot0f 12 DHEEE SH0| 7|0 A2 THEHSHTY

= U7= O3l oHAEE 71Tich Q=HQIHE CIAZEY 0l Gul Y& CIAE0[0] H|sH
Z|CH 4~5H) O &2 S48 ZHK[Z U0, 87| &ojof 7@l QK| He{e| XfO|= HYSHA| X
SICt M2 & (whitepoint)= Q17t2| M=S(chromatic adaptation) S &2 = C|AEZ20| = H(ambient)2)
MEPe0 ez QXS Sdd AF7|7|7F SLotA HEto Hejete A|4Hezs S YA
2 & Urh 2 AFM QIEHOIHE C|AEY 02 42 S HES 7|&E22 THsiRan,
ojof a2t WXt = HMEd= 8 + SUCh CIEZH 19768 30 HXYIHA| 1S015076 &
Zdeg| IjUXHES| 7|F S22 AL U= CIELAB Ma ZEH2 100722t Qo] *2 &
718 7122 2/ 0f URHQHE C|AE 0| 22 100072t LH2le =2 B7|0M= 2
X7t AXlE EHEO| ULk O] EE2 hdr-CIELABR 22 MZ2 7|F0| FH|Z|1 Q& Ago|Lt
M AEIA = 2 OLXHE HEZ2R0Me 248z SYURX| QAT [14]. TH2EA 1,0007
et Qo] =2 2=oM 2ot Fetol 0fdE fsiM= x| |ﬁé ’574|7f 95‘5“31 OLED
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Research on optimizing development environments to improve color consistency of GUI in automotive infotainment systems
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