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This study addresses the limitations of subjective and qualitative visibility assessment methods for automotive interior lighting by
developing a quantitative evaluation framework based on human visual perception. The research utilizes the CIELAB color space and
AEQ0 color difference metrics in conjunction with an LMK6 luminance meter to systematically evaluate lighting components under
various environmental conditions. Three representative samples from Vehicle A, including two with documented low visibility problems
and one with excellent visibility performance, were measured across four simulated environmental scenarios: daytime (high illuminance),
evening-on (intermediate illuminance with lighting active), evening-off (intermediate illuminance with lighting inactive), and nighttime
(low illuminance with full lighting dependency).

The primary challenge addressed in this research stems from the increasing trend toward bright background colors in switch lighting
design, which creates inadequate contrast between illuminated symbols and their surroundings, particularly during twilight and
intermediate lighting conditions. Previous subjective evaluations proved inconsistent and failed to predict visibility issues even after mass
production, necessitating objective quantitative standards.

Experimental findings revealed a critical discrepancy between AE0O values and actual visual visibility. Despite AEOO values as high as
17.15 and 6.3 for samples #1 and #2 under evening lighting conditions—values indicating clear color differentiation according to standard
colorimetric interpretation—the corresponding visual evaluations were rated as "severely insufficient." This contradiction demonstrates
that while AE0O effectively measures static color differences in controlled laboratory settings, it inadequately captures the dynamic, high-
luminance environment characteristic of automotive interiors.

In contrast, luminance difference (AL*) and Michelson contrast ratio (LCR) demonstrated strong correlations with subjective visibility
ratings. Components exhibiting excellent visibility consistently achieved AL* values exceeding 30 and LCR values between 0.37 and 0.99,
with nighttime conditions showing LCR 0f 0.99 representing overwhelming contrast. Conversely, components with severely compromised
visibility exhibited AL* values between 0.44 and 1.66, with LCR values ranging from 0.00 to 0.02, creating the "washout" phenomenon
wherein illuminated symbols become indistinguishable from bright surroundings due to insufficient luminance contrast.

Based on these findings, quantitative acceptance criteria are proposed: AL = 4.5 and LCR = 0.06 constitute acceptable visibility
performance*. These threshold values are derived from the critical transition point between perceptible and imperceptible symbol visibility
across all measured environmental conditions. Additionally, this research notes that L* values occasionally exceeded the theoretical
CIELAB range of 0—100 in high-illuminance daytime conditions, reaching 212.2, reflecting the reflection of bright external light rather
than equipment error. Such phenomena underscore the importance of relative contrast metrics over absolute luminance values in high-
luminance environments.

This quantitative approach effectively addresses the complex, multifactorial nature of visibility performance, which depends on symbol

size, geometry, lens transmittance,
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