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Effectively, a “normal” work day under only this system’s
illumination would look something like the following: FIG.
4 illustrates a relative intensity plot 400. FIG. 5 illustrates a
modulated color temperature plot 500.

Intensity gets brighter as you proceed to the beginning of
the work day and the color temperature gets progressively
higher (corresponding to a cooler color light) to mimic the
diurnal cycle. As the work day ends, the light gets only
slightly dimmer, but significantly lower in color temperature
(i.e., the light gets warmer). As the sleep cycle begins, the
components of the light become even less blue as the light
intensity dims.

Again, this initial programming could be easily modified
to adjust for any therapy required given the sleep situations
of individual users. The diurnal cycle is not limited to 24
hours. It could easily be adapted to a 25-hour cycle, as some
studies have shown this to be a more natural human cycle.
At any time, this automatic programming could be inter-
rupted through the direct computer interface, and the manual
input mode can make any point on FIGS. 4 and 5.

The present invention was custom designed for the ISS to
help regulate the sleep cycles of astronauts working on the
ISS. However, the present invention can be implemented for
use in other environments. Specifically, the invention can
help treat sleep disorders on Earth such as Jet Lag; Shift
Work Sleep Disorder (affects people who frequently rotate
shifts or work at night); Delayed Sleep Phase Syndrome (the
tendency to fall asleep very late at night, resulting in
difficulty waking up in the morning for work or other
engagements); Advance Sleep Phase Syndrome (the ten-
dency to fall asleep very early in the evening and waking
much earlier than desired, resulting in symptoms of evening
sleepiness); and Non 24-Hour Sleep Wake Disorder (fre-
quently affects those who are totally blind since the circadian
clock is set by the light-dark cycle over a 24-hour period).

In addition, similar results could be achieved with three
circuits, excluding the 2800 K circuit. White light LEDs use
a blue exciting element to cause a specifically colored
phosphor to fluoresce, simulating a white light of specific
color temperature, dependent on the phosphor chosen. The
2800 K circuit emits approximately 3-4% less blue light than
the 3000 K circuit. In an exemplary embodiment, FIG. 6
illustrates a plot 600 showing the percent of blue light over
the diurnal cycle. Since the goal of the system is to minimize
blue light exposure prior to sleep periods, the 2800 K circuit
was used to minimize exposure to blue light during these
times. However, it is possible to remove the 2800 K white
light and achieve similar results.

Important considerations in designing a lighting fixture
include costs of creation; flexibility in application, light
outputs, beam distributions, and color; external fixture tem-
perature; feasibility and ease of use, maintenance, powering,
and repurposing; and optimal physical characteristics for its
environment and use (e.g., weight, shape, size, portability,
maneuverability). Further, although LEDs offer many ben-
efits over other light sources, they are subject to light output
depreciation over time, meaning that the ease at which
individual LEDs can be changed is of crucial importance to
maintaining targeted light levels. Moreover, given that the
spectral composition of the light source is important for this
particular application, it is important to dissipate heat to
avoid wavelength shift. In terms of the fixtures functioning
within a larger system, it is also important to consider the
capacity of the chosen fixture to function independently (that
is, have internal power and mode controls), as well as be
manually overridden.
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LED lighting systems offer tremendous advantages over
traditional lighting fixtures in terms of reduced weight,
increased durability and versatility, reduced energy use and
ultraviolet radiation emission, and potential to be incorpo-
rated into a wide variety of designs. The present LED-based
system will have direct applications for use in future space
travel and scientific habitats.

In humans, light and dark patterns are the primary syn-
chronizer of circadian rhythms to the 24-hour solar day. In
the absence of a regular light-dark pattern, humans’ circa-
dian rhythms run with an average period of 24.2 hours. Daily
light-dark patterns entrain circadian rhythms to the 24-hour
solar day. Lack of entrainment leads to circadian disruption,
which has been associated with a host of maladies. Humans
not residing on the surface of the Earth, such as astronauts
in the ISS, lack the 24-hour solar light and dark pattern
provided by the Earth’s rotation. The present invention seeks
to provide a light and dark stimulus to regulate “healthy”
circadian entrainment.

Experimental Data

In one exemplary embodiment (Example 1), the illumi-
nation area’s dimensions are 374x12 inches; and the fixture
including casing has a surface dimension of 654x26%% inches
with a depth of 4 inches. The fixture consists of arrays of
LEDs that can be combined to deliver various spectral
irradiance combinations to obtain various correlated color
temperatures (CCTs). The modes programmed in the fixture
included CCTs of 2,800 K, 3,000 K, and 5,500 K, and a
narrowband Blue LED.

The manual settings are noted in Table 1.

TABLE 1
Manual Setting for Example 1 Lighting Fixture
Source
CCT Peale Wavelength
Manufacturer
2700, 2750 5500 K or
or 2800K  3000K 6500K Blue
NASA msmts.
Setting 2850K  3100K  5850K 460-465 nm
Warm white 47 47 0 0
(Evening)
off 0 0 0 0
Dim warm 10 0 0 0
white (night)
Cool white (day) 0 0 100 0
Phase shift 0 0 50 50
Blue 100

Note:
Numbers are expressed in percentages per circuit so each row may or may not equal 100.
Also, night runs the 2800K and 3000K at 120 of 255 pulse width modulation (PWM) steps

for 47 percent.

The embodiment of Example 1 (the fixture) was evaluated
to quantify the ability of the fixture as a source of circadian
stimulus, based on photometric measurements and on cal-
culations of circadian stimulus obtained using the model of
human circadian phototransduction. More specifically,
visual and circadian stimulation at varying distances were
evaluated. Measures of visual stimulation (photopic light
level) and circadian stimulation (ability to influence the
circadian system as measured by acute melatonin suppres-
sion) were obtained at 1, 2, 3, and 4 feet from the fixture. See
Table 2.
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