
Realization and performance of an integrated
therapeutic and architectural lighting solution

Tony Esposito, Kevin Houser 
Department of Architectural Engineering, Penn State University 

Tony Esposito 
Ph.D. Candidate 
Penn State University 
Department of Architectural Engineering 
104 Engineering Unit A
University Park, Pennsylvania, USA
txe136@psu.edu
(267)496-0147

Kevin W. Houser 
Professor 
Penn State University
Department of Architectural Engineering 
104 Engineering Unit A
University Park, Pennsylvania, USA
khouser@engr.psu.edu
(814)863-3555

Abstract

This work simultaneously considered visual and non-visual responses that can be influenced by optical

radiation. A full-scale, 150 square foot prototype of an architectural light therapy system was designed and

constructed. The room was outfitted with furnishings typical of a residential interior and a 5-channel, tunable

LED lighting system, composed of floor standing, ceiling mounted, and tabletop luminaires. The channels are

nominally: red, green, blue, cool white, and warm white. A control interface was designed to incorporate

photobiological control with simple presets.

Luminance and spectral measurements were taken individually for each of the 5 channels at 12 dimming levels

to permit reconstruction of all possible channel combinations via simulation. A MATLAB® program was created

to determine the photobiological potential of the lighting system using the model of circadian phototransduction

developed by Rea and others (2010). 30 million composite spectral power distributions were produced via

randomly generated linear combinations of the 5 LED channels. Colorimetric quantities were calculated for

each SPD. Spectra were retained that fell within ± 0.01 Duv of the blackbody locus and ±10 K of 6 practical

CCT’s: 3000, 3500, 4000, 5000, 6000, and 7000 K. Circadian Suppression (CS) was calculated for the 101,918

composite SPD’s that met the criteria.

The maximum achievable CS value—for a given CCT bin—generally increases as CCT increases. Despite the

increase in the maximum achievable CS with increasing CCT, spectra within a given CCT bin exhibited a wide

range of suppression values. That is, for the spectra retained within each CCT bin, a CS value was achieved

between 0 and the maximum CS value for the bin. Because a wide range of CS values can be achieved at a

given color temperature, CCT is not absolutely predictive of a generated spectrums potential for melatonin

suppression. To tell the complete story, luminance and spectral opponency must be included. A tradeoff

between luminance and CCT is demonstrated in addition to the b-y spectral opponency that dominates

circadian response and these trends influence the design of a time-linked therapeutic architectural lighting

solution. Analysis demonstrates the need for very specific spectral optimization with clearly defined parameters

to achieve the desired circadian suppression without sacrificing other pertinent factors of visual quality, mainly

correlated color temperature, color rendering, and luminance.
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(Left) Absolute spectral power distributions demonstrating the absolute power of each of

the 5 channels. (Right) The dimming curves for the 5 channels in the lighting system. The

green channel has the highest luminance levels across the dimming range where the blue

channel has the lowest. Models were fit to these curves for prediction purposes.
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To quantify the lighting systems ability to excite the human circadian system,

a MATLAB simulation was run which computed 30 million composite spectral

power distributions from linear combinations of the 5 LED channels. SPD’s

within ± 0.01 Duv of the blackbody locus and ±10K of 6 practical CCT’s were

retained. For the retained SPD’s, Circadian Suppression (Rea et al. 2010) was

calculated.

The maximum achieved circadian

suppression is shown for each

CCT bin and generally increases

as CCT increases. The achievable

CS values in each CCT bin range

continuously from 0.00 to each

CCT’s maxima. For example, at

4000K, spectra can be found that

achieve a CS value anywhere

between 0.00 and 0.28. As such,

the shaded area may represent all

achievable CS/CCT combinations

for this system (approximately).

SPACE

• 150 square feet

• Outfitted with typical

residential furnishings:

table, couch, chair, coffee

table, end table, and

bookcase/TV stand

• Custom lighting system

• Custom control system

CONTROL SYSTEM

• Pharos Touch Panel

Controller (TPC) was used

for control

• User friendly layout

• Architectural Presets  

(editable from interface)

• “Photobiological” Page: 

pre-programmed 

circadian control

LIGHTING SYSTEM

• Color tunable 5-channel

LED system

• Nominal Channels: red,

green, blue, warm white,

and cool white

• Composed of ceiling

mounted, floor standing,

and tabletop fixtures

• Custom fixture assembly

for diffusion to maintain

uniform color mixing and

pleasing aesthetic

• Architectural spotlights

used to accent artwork

A residential light therapy prototype was constructed at Penn State University

in the lighting lab of the Department of Architectural Engineering.

This work simultaneously considered visual and non-visual responses that

can be influenced by optical radiation. A full-scale, 150 square foot prototype

of an architectural light therapy system was designed and constructed. The

room was outfitted with furnishings typical of a residential interior and a

tunable LED lighting system with control system. The photobiological

potential of the prototype is evaluated.

• Measurement geometry:

measurements represent

light entering the eye of

an occupant seated on

the couch, facing forward

• Luminance and spectral

measurements taken at

12 dimming levels

• Polynomials fit to

luminance curves for

simulation (R2 > .999 for

all curves)

Circadian Suppression as a function of luminance, separated by CCT, and coded for b-y

spectral opponency response. At 3000 K the “Yellow” spectral opponency dominates the

circadian response mechanism. At 3500 K the “blue” opponency begins to activate and is

increasingly stimulated until 4000 K. At 5000 K onward, the blue channel dominates and

the yellow channel becomes inactive.B
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This system represents a first attempt at designing and quantifying a

circadian-enhanced color-tunable LED system. Analysis demonstrates the

need for very specific spectral optimization with clearly defined parameters to

achieve the desired circadian suppression without sacrificing other pertinent

factors of visual quality; color rendering, correlated color temperature, and

retinal illuminance.

(Left) Counts of the SPD’s retained for each CCT bin which suggests a tendency for the

system to produce neutral white spectra. (Right) The percentage of spectra with a non-

zero CS value, which increases (generally) as CCT increases.


