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Introduction Methods
In 1952, R. W. G. Hunt published a paper that identified the problems with saturation 
of colors in low light situations. Hunt’s experiments showed that as the light source 
intensity lowered, colors became less saturated, resulting in duller looking colors.1 See 
Figures 1 and 2 for a comparison between a neutrally saturated image and the same 
image with decreased saturation. 

Today, researchers in the Department of Architectural Engineering at The Pennsylvania 
State University are able to develop lighting solutions that combat these depreciated 
color effects at low light levels. With the help of new LED technology and highly 
engineered lighting controls, researchers are able to “tune” the light spectrum in 
ways never thought possible with previous light sources, such as incandescent and 
fluorescent bulbs.

Goals
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Significance in Field
Current Research

Analyze other tunable devices 
currently available on the 

market. 

Use existing tunable devices to 
achieve desired improvement in 
saturation at low light levels. 

Develop custom engineered 
light sources to achieve 

improvement in saturation at 
low light levels. 

Using a highly engineered color spectrum, this research aims to expand the color gamut 
at low light levels. The desired output from this research is a light source that can pro-
duce an extended range of color saturation at low light levels when dimming from full 
output (Figure 3) to minimum dim level (Figure 4).

Figure 3: The color gamut map 
of a light source at full output 

(100% brightness). 

Figure 4: The color gamut map 
of a light source at minimum dim 

level.

Research Timeline

Figure 1: An example of a neutrally saturated 
image.

Figure 2: An example of the same image with 
decreased saturation. 

When testing market available light sources for their ability to improve saturation at low 
light levels, measurements of each source were taken in order to generate a spectral 
power distribution graph (SPD). The SPD illustrates the relative power of light per 
wavelength.

Equipment
Two light sources, from Manufacturer A, in combination with a central control hub, 
provided by the same manufacturer. This allowed on demand, wireless control of the 
lamp and its color channels. The light was measured using the SpectraScan® PR® 655 
spectroradiometer. The light was measured on a pure white plate a distance from the 
spectroradiometer. A diagram of the apparatus is seen in Figure 5 and a photograph of 
the test can be seen in Figure 6.

Process
Each channel of the light source was tested independently at full output (red, green, 
blue and white). The testing process is outlined below:

1. Turn on color channel of interest for ten minutes to allow for thermal 
variances that effect color quality to equalize.
2. Take three consecutive tests with spectroradiometer and average the 
results. 
3. Repeat steps one and two for each color channel and each light source as 
needed. 

TEST SURFACE

LIGHT SOURCE

SPECTRORADIOMETER

Figure 5: A diagram of the 
testing apparatus. 

Results
Figure 7 illustrates the graph generated 
from the tests of Manufacturer A’s Lamp 1 
blue emitter. This allowed for researchers 
to quantify the wavelength of the blue 
emitter, which was 452 nm.
After testing the other emitters, it was 
determined that Manufacturer A’s light 
source used a combination of red, green, 
blue and lime (instead of white).  

The applications of this new technology are far reaching. The most evident example 
would be in museums. Museum environments are frequently low lit, but also require 
superior saturation to not depreciate the quality of the artwork. Moving forward, the 
hope of this research is to change the way space is experienced by instituting this 
improved saturation at low light levels in environments worldwide. 

Figure 6: A photograph of the setup during 
testing of Manufacturer A’s Lamp 1 blue 

emitter. 

Acknowledgments
 This project was made possible by the Engineering for Innovation & Entrepreneurship (ENGINE) Grant.

 Thank you to Kevin Houser and Jeffrey Mundinger for their guidance throughout all stages of research. 

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0 100 200 300 400 500 600 700 800 900

Re
la

ti
ve

 P
ow

er

Wavelength (nm)

Manufacturer A, Lamp 1 - Blue Chip Test 2/25/2018

Figure 7: The spectral power distribution for 
the blue emitter of Lamp 1. Wavelength was 

measured to 452 nm. 


