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Abstract : This study proposes a quantitative evaluation method for assessing the information delivery performance of
automotive projection lighting communication systems. Projection lighting projects visual information on to the road or
surrounding environment to provide intuitive messages, where visibility and clarity are critical. A prototype projection
module was fabricated, and luminance, sharpness, contrast, and uniformity were selected as key evaluation metrics.
Experiments were conducted in a darkroom environment using the prototype, and quantitative data were obtained through
image analysis and luminance measurements. The results show that the prototype achieved high luminance, contrast, and
uniformity, demonstrating excellent visual performance and validating the proposed method’s effectiveness. This study
contributes to enhancing performance evaluation and supports the standardization of projection lighting communication
systems for future automotive applications.

Key words : Projection lamp(3Z 2 2 A 34 3) Quantitative performance evaluation(”d %%} A5 ¥ 7}, Luminance(34 =),
Contrast and uniformity(tH®] 2 o2 %), V2H(Vehicle to human), Autonomous vehicle(AH& = & 2}

Nomenclature 1. A2
I : luminance, cd AT A7 Ds] Jag wel, 2 o]
C : contrast ratio Z}e] b7 gk o) Apek-H 2} 7H S o]l E 2% A
8] : uniformity, % YyAlolA 7Ee] ool tiFHaL ) olu, =2 o]
G : sharpness index LA 2 0B A7zl wel Bask= Al 2}
AAE A8kl 7k Al 58 g AHE A
Subscripts =A7ke] 7RY) mlEo] aetar Lok, AHEFaA; 7]

= 3] AlFsHA] Zalr] witel == o] &A= |
ST} xﬂq;q oA ol thalf Ao = RE WA
x—] o] o]/\]_ ITE :rLg]_q_ 1)
V2H(Vehlcle to Human) 7]&2 X831} =2 o]
B2 ko] P TS S AL A V= =, Bas)
= AR ol 2ol AAE ARSI 71 AR, ),

LR :left, right

DMD : digital micro mirror device

V2H  : vehicle to human

eHMI : external Human-Machine Interface
ADS  :autonomous vehicle system

ROI  :region of Interest
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Table 2 Luminance values (symbol area)

Test sequence

1 2 3 4 5

(cd>900)

Average (cd) | 24,7363 | 25,169.8 [ 20,322.6 | 16,885.4 | 22,157.7
Max(cd) | 62,143 | 62,082 | 56,319 | 50,833 | 58,363

Min (cd) 900.3 | 9022 | 9023 903.8 | 900.8

Test sequence

(cd =900) 6 7 8 9 10

Average (cd) | 17,116.7 | 22,049.5 | 24,081.2 | 23,873.1 | 14,638.8

Max (cd) 53,573 56,104 | 57,831 | 51,649

Min (cd) 901.5 905.1 901.8 904.8 900.1
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Table 3 Luminance values (background area)

Test sequence
(900>cd)

Max (cd) 899.9 899.3 894.3 894.6 899.9
Min (cd) 105.1 155.9 101.9 91.6 91.8

Test sequence
(900>cd)

Max (cd) 894.3 891.0 | 891.1 899.2 | 899.7
Min (cd) 95.9 89.8 100.9 122.1 110.0

218 ROI Holl A A1 E(1=900 cd)S A1) 3 vl 9
Yol d 49 Ao F= 891.0 cdoll A 899.9 cdo]
vrER, Al gF H gk xkel 7t oF 8.9 edlE £l
=3
233 S 72 89.8 cdol| A 155.9 ed 2, A& 7t

o i
A ]

Table 4 Luminance values (full-roi)

Test sequence 1 2 3 4 5
Average (cd) | 3954 | 4069 | 3848 3749 | 3724
Max (cd) 845.8 | 8279 | 775.1 767.1 772.2
Min (cd) 32.1 36.8 33.5 25.9 26.3
Test sequence 6 7 8 9 10
Average (cd) | 377.5 3812 | 396.0 | 389.8 | 383.7
Max (cd) 768.7 | 7582 | 764.8 | 769.1 766.3
Min (cd) 28.9 27.0 322 29.5 27.4
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Table 5 Contrast values

No | Symbol mean (cd) | Background mean (cd) C
1 10,267.7 2,636.7 2.9
2 17,589.6 4,308.0 3.1
3 9,059.3 2,354.2 2.8
4 5,097.3 1,447.0 2.5
5 5,285.5 1,487.8 2.6
6 6,184.0 1,695.7 2.6
7 5,511.1 1,538.3 2.6
8 10,013.0 2,569.2 2.9
9 8,318.4 2,182.4 2.8
10 6,582.4 1,786.8 2.7
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Table 8-1 Uniformity values (full roi)

7] odado 01_11:_% [\ At A © lr_x
d @eiel d<l 17.3 %= g o2 57 No Max (cd) Min (cd) U (%)
9k Al 1 9(900 ed o] 4 J%Zﬁxﬂ ROI vlell A 41 ROI 1 vy o1 18
= 3 ufj A o1l A =AY godr g8 zhzh : . .
= A9 17 <3< Yol '10 —; T . S A 2 827.9 36.8 44
0 o, ol O _O O
1.5 %, 4.4 %% A7k St SRS 3 775.1 335 43
4 767.1 25.9 34
Table 6 Uniformity values (symbol area) 5 7722 263 34
No Max (cd) Min (cd) U (%)
1 62,143 900.3 1.4 Table 8-2 Uniformity values (full roi)
2 62,082 902.2 1.5 -
No Max (cd) Min (cd) U (%)
3 56,319 902.3 1.6 7637 289 38
4 50,833 903.8 1.8 s 8' 5 27' . 3' .
5 58,363 900.8 1.5 764.8 22 42
6 53,573 901.5 1.7 9 769 1 79,5 38
7 58,473 905.1 1.5 10 766.3 274 36
8 56,104 901.8 1.6
9 57,831 904.8 1.6
10 1,649 900.1 1 34 UE% 43 @4
51, § 7 -
54 T4 SIAEFHMH)-2.4, -6.3~1.5 T4 2120l A
o] M 5(S) A A3 AAsHATh
AE G900 cd ool A A E=2] HIE2 1.4 %
A1 1.8 % Abolell s, Alia HAl A v 2 A Table 9 Sharpness values
=R 1=
Test sequence 1 2 3 4 5
. . V(° -0.9 -0.3 -2.6 -1.2 -1.4
Table 7 Uniformity values (background area) ©
Luminous (cd) | 37,995 | 24,954 | 19,314 | 25,784 | 3,083
No Max (cd) Min (cd) U (%) G 136 | 122 | 129 | 132 | 0.69
1 899.9 105.1 11.7 Test sequence 6 7 8 9 10
2 899.3 155.9 173 V(©) 2.0 | 210 | 11 | <15 | 28
3 894.3 101.9 11.4 Luminous (cd) | 8,981 9,799 | 47,360 | 19,070 | 27,333
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