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Introduction

Multichannel LED systems are a powerful tool to generate
custom spectra, adaptable to the psychological and
physiological human needs. Since the discovery of intrinsically
photosensitive ganglion cells, it has been found that distinct
spectral light distributions can positively affect the hormonal
balance of humans. The more LED channels a light system has,
the greater the degree of freedom of changing a spectral power
distribution over time. In a fixed multichannel LED system, the
spectrum can be varied through an additive mixture of individual
LED colour channels. The intensity of each channel is adjustable
via the duty cycle. In this project, we have calculated such
spectra for different research purposes by using mathematical
optimization procedures.

Methods

Before an optimization can be performed, the multichannel LED
system has to be characterized for simulating the luminaire in a
final step. We measured the spectra by using a
spectroradiometer at the laboratory of lighting technology.
Based on the measured spectral data, a simulated luminaire was
built, which we used in an optimization workflow as a part of the
main objective function. The goal was to generate spectra that
match specific chromaticity points in the CIExy-2° colour space
along the Planckian locus. Additionally, we generated metamer
spectra, which were capable of triggering photoreceptors in the
outer retina in different ways. The result of the optimization was
the individual duty cycle of a respective LED channel. With these
optimized duty cycle values and the simulated luminaire, we
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were able to reconstruct the desired spectra. We performed the
optimization procedures in MATLAB and the simulation of the
luminaire in Python.

Results

We were able to calculate multiple spectra along the Planckian
locus with a custom optimization procedure. The special feature
was that for each CIExy-2° chromaticity point, we could calculate
several spectral power distributions to test the brightness
perception and pupil light response in empirical studies. We
found that the human pupil diameter can be changed by varying
the spectrum at a constant luminance with different CIExy-2°
chromaticity points.

Discussion

Light spectra of multi-channel LED-luminaires can be calculated
by using classical optimization procedures. These polychromatic
spectra are of high interest in empirical research studies and
automated lighting systems for smart interior lighting. Additional
spectra are required since multi-channel LED systems will
probably become a standard in interior lighting. We were able to
calculate the necessary spectra with classical optimization
procedures, but the calculation time was time-consuming. For
future applications, more efficient methods need to be
developed, making the calculating of spectra even without high-
performance computers possible.
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