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1. Introduction

For terrestrial applications, development of broadband conformal helmet antenna has been
successfully carried out [1, 2], and a smart helmet antenna for terrestrial applications was reported a
decade ago [3]; both efforts were made by the senior author asdaate team at Wang Electro
Opto Corporation (WEO).

The development of a smart astronaut helmet antenna, presented in this paper, is motivated
by the need for a hel met ant enna Ad discudiiSaA 6 s pl 3
recent news releasen primetime U.S. television NASA now publicly envisions the Lunar
Exploration to be conducted initially by 3 astronauts with a Lunar Electric Rover as a mobile base
camp. Since WEO has been developing a smart platform antenrtaefplanned Lunar/Mars
exploration [4], it is expedient and timely to develop a smart astronaut helmet antenna by cross
fertilizing its helmet antenna, platform antenna, and smart antenna technologies. This paper presents
such a smart astronaut helmeattemnadesignf o r possible application
Lunar/Mars exploration.

2. Technical Requirements

The astronauhelmet antennghas the same stringergquirementsas the platform antenna
in [4], with the additional safety requirements for physical and RF radiation haaattus wearer
In particular,volume weight and power consumptionof the smartantennamust be minimal in
order to meeextremely harshransport and operational environmemis a helmet antennahd
antennais preferablyeay to mount and removd r om t he ast momatwté s hel r
compatilbe with other helmetmounteddevices Protection of the astronauts from RF radiation
hazard is of primary importandeut is often ignorethy most bodywearableantenna designers

2. A Breadboard Model for Broadband Smart Astronaut Helmet Antenna

Figurel shows a photograph for a broadband smarbaatit helmet antenraounted on
a mockup of an astronalitelmet As can be seen, the anterinaa switcheebeam arrayof four
element antennasimilar in array architecturéo thatof [3], with a broad beam switched by an
embedded control systemhe four elementréennaslocatedaround the periphery of the helmet
are suppored with four arms with embedded stripline fdeds. Each element antenna is
unidirectionalin radiationpatternwith circular polarizationThe arrayoperates over 1i2.4 GHz
with circular polarization

Three of the four element antennas are flat disishape2. 56 d i 8.Béhicke The x
fourth element, | ocated at the front of the he
high x0.50 thick. Each element antenna is attached to a small suppo¢eeemuallyto bemade of
a titanium alloy, which encloses stripline RF feed.



The array provideBemispherical coverageith abroad beam adaptively switcheder the
hemispherdo enhance RF link in a network with time division duplexing (TDD), in which Tx/Rx
areat the same frequency (or nearlie same). Miniaturized with embedded beamsteering system
with fully autonomous operation, tl@rayantenna hathe desiredsmall siz, low weight, and low
power consumptionThe bearnsteering control hardware and software are simdahose for the
smart platform antenna described in [#); which considerablaletailsof the fundamental design
wereextensivelyreportedn [5].

The helmet antenna i®ldable for transporteasy to mount and removand weighs
<2659 (9.3 oz.), with minimal and acceptable physiaatl RF hazard to weareiThe helmet
antenna is designed as a standaloneesystransparent to the radio, with a lpawer embedded
microcontroller to provide its adaptivewitching function. CMOS silicoron-insulator (SOIl)
switchesareused inthis breadboaranodelbased ortheir RF performance, radiation tolerance, low
powerconsumption,andCMOS-compatible control

3. Performance of the Breadboard Model

Figure 2shows the measured SWR of the antenna, ovéR2U9GHz, in a typical beam
state.As can be seen, the measured SWR of this early breadboard model averages about 2:1 over
the 1.92.4 GHz bad of interestlt is expected that the SWR canib®wroved significantly in later
advancedlesigns.

Figure 3shows the measurezimuth radiation patterrsd = of thébledoard model
in four beam statescrosghe desired..9 2.4 GHz frequency rangeAs can be seen, the set of four
beam states provide nearly fully 366overage inthe horizontal(azimuth) plane.The elevation
patterns, not shown hereye broadbeamed(over 90), and are tilted slightly upward above
horizon Thus the breadboard model providesmarlythe desiredhemispherical coverage.

4. Conclusions

A breadboard modéor a smart astronaut helmet antenna has been develdpedntenna
provides smart beamsteering functiofmr a TDD wireless surface netwaorkvhich is at presenbn
the drawing board. Thus, the anterattempts topr ovi de its HAsmartnesso il
fashion, transparent to the radio systeing developed

The model has demonstrated the essential features needed and desigidation to
NASAO6s initial e x A aovarecedibreadboard dedighaé couvee reeeded to
meet the harsh transpodnd operational environments of the mission. In particular, the
specificatiors for the temperature and shock will dictate the components, parts, and materials to be
employed in the desigand its smart function must adapt to the final surface network to be
implemented in the mission.

Acknowledgement

This research was supported by NASA Cont#d¢NCO8CA24C The authors would like
to express their gratitude for the technical guidance repiration given by MrOkechukwu Mezu
and Dr. Felix Miranda of NASA {&nn Research Center.

References

1 J. J. H. Wang, AiBroadbaedn&®snno dkeoeeeétil akc&l AH
Prop. Symp., Albuquerque, NM, July 2006.

2] J. J. H. Wan g, A Mul-We acdlalve ®Belomeltbaadd BUdgt
IEEE Antennas and Prop. Symp., Honolulu, Hawaii, June 2007.



[3]
[4]

[5]

. T . -Mdunted i8magto n , i H

J. J. H. Wang, J. K. Tillery, K. E. Bohan and G

Array Antenna, 0 19 | EEE Antennas and Prop.
D. J. Triplett and J. H. \Saregl Smaft Mitennaat ur i
for Lunar / Mar s SQ9 |EEE dneerndtianal iidtenrias and Prd&p0Symp.,
Charleston, SC, June 2009.

J . J . H. Wang, D. J . Triplett, and C. J . St
BeamSt eering Array, o0 | EEE Tr ans.-33#nNovembier op . ,
2006

an
97
J

Broadband directional /\_}
element antennas

(4 total)

Embedded control
system I

Support arm with
embedded stripline

feed
Astronaut helmet ///\
mockup _—

Figurel. A broadband smart astronaut helmet antdsmeadboarenounted on helmet mockup.
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Figure2. Measured SWR dhe smart astronaut helmet antenna breadbaredtypical beam state.
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Figure3. Measured azimutpatterns of breadboard model in four beam states
overl.9 24 GHzatd= 90°.



