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ABSTRACT

A beacon system includes emitter devices, driver circuitry
configured for controlling the emitter devices, and at least one
processor programmed to receive and process one or more
inputs and control the driver circuitry to actuate the emitter
devices. In an example embodiment, the emitter devices
include visible light sources that are oriented to provide omni
directional visibility for the beacon system. In an example
embodiment, components of the beacon system including the
emitter devices, driver circuitry and at least one processor are
configured Such that in a space environment heat generated by
the beacon system is dissipated sufficiently well to prevent the
beacon system from overheating.
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OPTICAL DISTRESS BEACON FOR USE IN
SPACE ENVIRONMENTS

single component or distributed components, are observable
(e.g., in the visible or IR regions) from all geometric orienta
tions of the astronaut.

STATEMENT OF GOVERNMENT INTEREST

0001. The invention was made with Government support
under contract No. FA8802-04-C-0001 by the Department of
the Air Force. The Government has certain rights in the inven
tion.
TECHNICAL FIELD

0002 The invention relates generally to distress beacons
and, in particular, to beacon systems for use in space environ
mentS.

BACKGROUND ART

0003. As construction work in space becomes more preva
lent, the risk of an accident or emergency involving an astro
naut engaged in extra-vehicular activities increases. To pro
vide aid during Such an event, it is desirable to have a
mechanism for indicating or somehow communicating notice
that an accident, emergency or other circumstance of concern
has occurred.

0004 Various warning beacons are known; for example,
beacons that incorporate bright light sources designed to
warn aircraft or other vehicles of terrain related obstacles.

However, Such beacons are typically stationary and generally
are not designed to be viewed from all observer geometries.
Unfortunately, by way of example, an astronaut using Such a
distress beacon is unlikely to be capable of maintaining a
fixed orientation with regards to rescuers.
0005 Additionally, it should be appreciated that tradi
tional aircraft warning beacon designs are unfit for use as a
space-based visual distress beacon because they would not be
able to dissipate a sufficient amount of heat in a Zero-atmo
sphere environment.
0006 Cospas-Sarsat compatible distress radio-beacons
are used by vehicles and individuals to generate a distress and
homing signal in the event of an emergency. These beacons
generally transmit signals in the 121.5 MHz and 406 MHz
frequency spectrums and can be tracked by the Cospas-Sarsat
satellite-based search and rescue system. This class of device
uses radio signals for location determination.
0007. It would be useful to be able to provide a beacon
system that is capable of generating an omni-directional dis
tress or other indicator and that is suitable for operation in a
Zero-atmosphere environment.
SUMMARY OF THE INVENTION

0008 Example embodiments described herein include
beacon systems that provide an omni-directional visible (or
other) indication that an accident, emergency or other circum
stance of concern has occurred. In example embodiments,
beacons systems are configured to also facilitate communi
cation of information that is not necessarily related to a dis
tress or emergency condition (e.g., when a primary commu
nication mechanism has failed). Example embodiments of
beacon systems described herein can also be used to provide
markers for any locations of interest, including those unre
lated to emergencies. In example embodiments, distress indi
cations (or indications of other information) generated by the
beacon systems described herein, whether implemented as a

0009 Example embodiments described herein include
beacon systems that are configured to Survive in vacuum
environments, such as the Zero-atmosphere environment of
space, and to radiate, in Such environments, a Sufficient
amount of the heat generated by the beacon system through
black-body radiation to prevent the beacon system from over
heating. Example embodiments of beacon systems described
herein are configured to dissipate a sufficient amount of heat
to operate (e.g., at Steady State) in a Zero-atmosphere envi
ronment. In example embodiments, the beacon system is
designed to operate in and be compatible with the space
environment, which requires a design that efficiently dissi
pates heat, efficiently converts DC power to the distress sig
nal, easily allows for choosing the modes of operation, and
minimally obstructs the astronaut (low mass and low profile)
during the performance of space-walk efforts.
0010. In an example embodiment, a beacon system
includes emitter devices including visible light Sources that
are oriented to provide omni-directional visibility for the
beacon system, driver circuitry configured for controlling the
emitter devices; and at least one processor programmed to
receive and process one or more inputs and control the driver
circuitry to actuate the emitter devices.
0011. In an example embodiment, a beacon system
includes emitter devices, driver circuitry configured for con
trolling the emitter devices, and at least one processor pro
grammed to receive and process one or more inputs and
control the driver circuitry to actuate the emitter devices,
wherein components of the beacon system including the
emitter devices, driver circuitry and at least one processor are
configured Such that in a space environment heat generated by
the beacon system is dissipated sufficiently well to prevent the
beacon system from overheating.
0012. In an example embodiment, a beacon system
includes a Supporting structure (such as a space Suit or a
satellite) and multiple beacon modules that are secured to the
Supporting structure, each of the beacon modules including
emitter devices including at least one visible light source that
are oriented to provide omni-directional visibility for the
beacon system, driver circuitry configured for controlling the
emitter devices, and a processor programmed to receive and
process one or more inputs and control the driver circuitry to
actuate the emitter devices. In another example embodiment,
components of the beacon modules including the emitter
devices, driver circuitry and processors are configured Such
that in a space environment heat generated by the beacon
modules is dissipated sufficiently well to prevent the beacon
modules from overheating.
BRIEF DESCRIPTION OF THE DRAWINGS

0013 FIG. 1 illustrates an example embodiment of a bea
con system integrated with a space Suit;
0014 FIG. 2 illustrates an example embodiment of a bea
con system integrated with a satellite;
0015 FIG. 3 is a block diagram of an example embodi
ment of a beacon system;
0016 FIG. 4 shows an example add-on board embodiment
of a beacon system or module:
0017 FIG. 5 is a block diagram of an example embodi
ment of a beacon system configured to Support point-multi
point node communication;
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0018 FIG. 6 is an electrical schematic of an example
embodiment of LED driver circuitry; and
0019 FIG. 7 illustrates an example output scheme to effi
ciently drive multiple emitters and minimize power usage.
DISCLOSURE OF INVENTION

0020 Beacon systems according to the principles
described herein can take a variety of forms including, but not
limited to, a stand-alone, dedicated distress beacon system, a
distributed arrangement of beacon modules, and an add-on
design to a satellite architecture.
0021 Example embodiments of beacon systems use dif
ferent types of emitters to provide an indication (for example,
of an emergency). Such as emitters that generate visible light,
infrared (IR), and radio frequency (RF). Example embodi
ments of beacon systems include a mechanism to visibly
convey (directly through the use of eyes for the visible range
or through an IR viewer for the IR range) the position of the
astronaut or other user of the beacon system. As discussed
below in greater detail, signals emitted by the beacon system
may be modulated in different patterns to provide information
for high-visibility and communication purposes.
0022 Referring to FIG. 1, in an example embodiment, a
beacon system 100 is shown integrated with a space suit 102.
In this example embodiment, the beacon system 100 includes
beacon modules 104a, 104b (shown in dashed lines), 104c,
104d, 104e and 104f which are secured to the space suit 102.
as shown, at the front, back, top, bottom, right and left sides of
the space Suit 102, respectively. In an example embodiment,
the beacon modules 104 include visible light sources that are
oriented to provide omni-directional visibility for the beacon
system 100. It should be appreciated that different configu
rations of beacon modules 104 can be implemented to provide
omni-directional visibility, via appropriate positioning of the
beacon modules 104, whether the emitters generate visible
light, IR and/or RF, or some other form of indicator. It should
also be appreciated that the beacon modules 104 can be con
figured to be connected to and/or operably interconnected
with the space suit 102 in a variety of different ways.
0023. In this example embodiment, the beacon system 100
also includes a sensor 106 configured for providing inputs to
at least one of the beacon modules 104, more specifically, to
at least one processor that is operatively interfaced with the
beacon modules 104. By way of example, the sensor 106 is a
heart monitor device, the outputs of which can be used to
trigger an operational mode of the beacon system 100. The
sensor 106 is interfaced with the aforementioned processor
with either a wired or wireless connection.

0024. In this example embodiment, the beacon system 100
also includes a remote control 108 configured for providing
inputs to at least one of the beacon modules 104, more spe
cifically, to at least one processor that is operatively interfaced
with the beacon modules 104. By way of example, the remote
control 108 includes a keypad or other user input mechanism
which permits the astronaut to manually trigger an opera
tional mode or a particular function of the beacon system 100,
or enter other inputs such as Morse Code entries that are
translated by the processor into control signals to drive the
emitters. The beacon system 100 includes wireless links con
figured to facilitate communication of information between
the remote control 108 and at least one processor of the
beacon system 100.
0025. The space suit 102 can more generally be described
as a support structure for the beacon modules 104. Other

Support structures configured to be worn on the body can also
be used. Other types of Support structures, such as satellites,
are also contemplated as being within the scope of the present
invention.

0026 Referring to FIG. 2, in an example embodiment, a
beacon system 200 is shown integrated with a satellite 202
(e.g., a buoy-only cubesat). In this example embodiment, the
beacon system 200 includes beacon modules 204a, 204b
(shown in dashed lines), 204c., 204d (shown in dashed lines),
204e (shown in dashed lines) and 204f which are secured to
the satellite 202, as shown, at the front, back, top, bottom,
right and left sides of the satellite 202, respectively. In an
example embodiment, the beacon modules 204 include vis
ible light sources that are oriented to provide omni-direc
tional visibility for the beacon system 200. It should be appre
ciated that different configurations of beacon modules 204
can be implemented to provide omni-directional visibility,
via appropriate positioning of the beacon modules 204.
whether the emitters generate visible light, IR and/or RF, or
some other form of indicator. It should also be appreciated
that the beacon modules 204 can be configured to be con
nected to and/or operably interconnected with the satellite
202 in a variety of different ways.
0027. In various embodiments, the emitters act as a dis
tress beacon in at least the visible regions. In various embodi
ments, the emitter (or signaling) devices—in a particular
beacon system or beacon module—include different types of
emitter devices (e.g., visible light LED and IR LED). The
emitter devices can also include RF transmitters.

0028 Referring to FIG. 3, in an example embodiment, a
beacon system 300 includes a power supply 302, a processor
(or processing unit) 304, driver circuitry (or drivers)306, and
emitters 308, configured as shown. The processor 304, for
example, a PIC 18F4520 microcontroller, is configured to
receive inputs such as a Fail-Safe Input, Standard Information
Inputs (From Flight-Com), Mode Selection, and External/
internal Trigger inputs as shown.
(0029. The processor 304 controls the LED drivers and
handles all communication between the distress beacon and

its external interfaces. The beacon system 300 can be trig
gered by the flight computer, button trigger, or fail-safe sig
nal. With a PIC 18F4520 microcontroller used as the proces
sor 304, these three signals are tied to three of the
microcontroller's external interrupt pins. Serial communica
tions to the rest of the cubesat are handled through the PIC's
SPI and USART interfaces (Pins 1, 37, and 42–45). The PIC
programming pins double as mode select pins. In an example
embodiment, two dedicated pins are included and used to turn
the system offin the event of accidental triggering and for use
during circuit debugging. The remaining input/output pins
can be dedicated to controlling the LED driver circuitry.
0030 Under control of the processor 304, the driver cir
cuitry 306 provides power to the emitters 308 (e.g., a combi
nation of visible light and IRLEDs). Referring to FIG. 6, in an
example embodiment, the driver circuitry 306 includes a
LM3405 1.6 MHz, 1A Constant Current Buck Regulator
configured as shown.
0031. The LED driver circuitry is based around a buck
Switching current regulator. It was chosen for high efficiency
and also due to its integrated enable and pulse width modu
lation (PWM) capabilities, as well as its relatively small foot
print. The PWM capability is an efficient method to time
division multiplex the “on-time of the emitters in order to
minimize power usage and heat dissipation. The PWM rate is
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too fast for an observer to realize that the emitter is turned off

between these pulses. In addition to the driver chip, the LED
driver circuitry is composed of an inductor, a resistor, three
capacitors, and two diodes configured as shown.
0032. In this example embodiment, the driver circuitry
306 is configured for driving two LEDs in series and is suit
able for both IR and visible light LED drivers. Thus, by way
of example, in a beacon system with a total of eighteen LEDs,
nine of the LED driver circuitry shown in FIG. 6 would be
required. (In respect to Such an example embodiment, for
greater clarity, only a single driver chip is shown in FIG. 6.)
0033 FIG. 4 shows an example add-on board embodiment
of a beacon system or module. By way of example, a beacon
system or module can be designed in compliance with the
add-on board specifications for a cubesat, including connec
tors for use in communicating with the cubesat flight com
puter, as well as connectors for connecting the distress beacon
circuitry to externally mounted LEDs. Thus, in an example
embodiment, the beacon system or module includes one or
more printed circuit boards upon which the driver circuitry
and processor(s) are mounted.
0034. In an example embodiment, each beacon module is
provided with at least two visible light sources (e.g., visible
light LEDs). In the case of a beacon system integrated with a
cubesat, in an example embodiment, at least two visible light
Sources

