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Abstract:   

Light causes not only vision, but also non-visual effects such as regulating the circadian 
system. Although the effort to fully understand the mechanism of non-visual response is still 
ongoing, quantitative models have been proposed to evaluate light’s circadian stimulus based 
on the characteristics of light incident on human eyes. With the light-emitting diode (LED) 
technology providing flexibility in spectral design, it is now possible to tune lighting’s 
circadian and visual effects to suit the uses of different built environments. Therefore, it is 
important to develop a lighting-design approach that considers both visual and non-visual 
aspects, and understand what combinations are achievable for general illumination 
applications. 

In this work, we propose a lighting-design space that allows the exploration of 
combinations of circadian effect and brightness (visual lit appearance). To demonstrate the 
feasibility of this approach, we develop a color-mixing method for four-channel color-tunable 
LED light sources, and maximize the gamut of the proposed space. This gamut represents the 
possible design objectives that interior lighting designers can target. As an example of 
application, we demonstrate that our color-tunable LED solution can be used to dynamically 
simulate both circadian and visual properties of daylight. 
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1. Introduction 

As noted in the sign of Edison electric light bulbs in the late 19th century, “The use of 
electricity for lighting is in no way harmful to health, nor does it affect the soundness of sleep” 
[1], there was no doubt that the only purpose of electric lighting was to provide vision. The 
lighting technology then evolved rapidly in the 20th century: incandescent, fluorescent and 
high-intensity discharge lamps lit up numerous homes, offices, industries, and public spaces, 
and light was found to have impacts on human circadian, hormonal, and behavioral systems 
[2,3]. In the 21st century, with research breakthroughs in photobiology [4,5] and LED 
technology [6], the non-visual response of lighting and its potential health benefits for 
building occupants became a research hotspot [7-16]. 

Intensive research efforts on light’s circadian effect started from the turn of the 
millennium, triggered by the discovery of the non-image-forming intrinsically photosensitive 
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