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Exhibition Hall Lighting Design that Fulfill High CRI Based on Natural
Light Characteristics - Focusing on CRI Ra, R9, R12
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ABSTRACT

To faithfully represent the intention of the work in the exhibition space, lighting that provides high color reproduction like natural light
is required. Thus, many lighting technologies have been infroduced to improve CRI, but most of them only evaluated the general color
rendering index (CRI Ra), which considers eight pastel colors. Natural light provides excellent color rendering performance for all colors,
including red and blue, expressed by color rendering index of R and R12, but most arfificial lighting has the problem that color
rendering performance such as R and R12 is significantly lower than that of natural light. Recently, lighting technology that provides
CRI af the level of natural light is required to redlistically express the colors of works including primary colors but related research is
very insufficient. Therefore this paper proposes exhibition hall lighting that fulfills CRI with a focus on CRI Ra, R9, and R12 based on the
characteristics of natural light. First reinforcement wavelength bands for improving R9 and R12 are selected through analysis of the
actual measurement SPD of natural and artificial lighting. Afferward virtual SPDs with a peak wavelength within the reinforcement
wavelength band are created and then SPD combination conditions that safisfy CRI Ra>95, R9, and R12>90 are derived through
combinatfion simulation with a commercial LED light source. Through this, affer specifying fwo types of light sources with 405,630nm peak
wavelength that had the greatest impact on the improvement of R? and R12, the exhibition hall lighting applied with two W/C White
LEDs is designed and a control Index DB of the lighting is constructed. Afterward experiments with the proposed method showed that
it was possible fo achieve high CRI af the level of natural light with average CRI Ra 96.5, R9 96.2, and R12 94.0 under the conditions
of illuminance (300-1,000 Lux) and color temperature (3,000-5,000K).
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(Figure 2) SPD, CRI of Natural Light & Artificial Light
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CCT [luminance
®Es) | Lwese | N R | R
300 95.93 95.88 9R.64
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600 96.64 95.43 93.19
3,000K 700 96.20 94.10 94.20
800 9.11 RN41 9347
900 96.36 9342 94.99
1,000 96.32 92.02 94.87
Average 96.22 9448 93.69
300 96.63 9.87 94.92
400 96.82 97.25 94.07
500 96.41 97.59 96.05
600 96.76 97.13 94.37
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Average 96.72 97.39 94.69
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500 96.81 94.69 N4
600 96.54 97.33 9417
5,000K 700 96.85 97.90 92.59
800 96.57 97.39 94.02
900 96.64 9746 93.55
1,000 96.75 97.77 93.30
Average 96.60 96.60 93.71
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