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ARA / HRL AIS 
Collaboration

• HRL developed the AISA technology to redirect RF radiation p gy
around obstructions.

• In 2010, ARA and HRL collaborated to integrated a curved 
AISA surface onto UAV fuselageAISA surface onto UAV fuselage.
– ARA learned theoretical concepts of AISA technology
– ARA designed and fabricated a test platform to 

characterize the AIS
– ARA developed manufacturing plans to fabricate AIS 

PCBs.
• In 2011, ARA and HRL are collaborating to develop a 

circularly polarized conformal AIS.
In 2012 ARA will begin environmentally qualifying the• In 2012, ARA will begin environmentally qualifying the 
conformal AIS.



AIS TechnologyAIS Technology

• AIS Technology is a synthesizedAIS Technology is a synthesized 
impedance surface that redirects RF 
radiation past obstructionradiation past obstruction

• AIS’s optical analog of the diffraction 
gratinggrating
– Surface waves on AIS produce interference 

patternpattern.
– Primary radiation lobe is developed by 

interference patterninterference pattern.
– Lobe angle is frequency dependent.



AIS Competing
T h l iTechnologies

• Electromagnetic Bandgap (EBG)Electromagnetic Bandgap (EBG)
– Manufacturing very complex

Band limited– Band-limited
• Dielectric Coatings

f– Not applicable for complex systems
– Scattering occurs between non-homogenous 

llayers

AIS IS MORE COST-EFFECTIVE AND VERSATILE



AIS Technology: Use the 
surface of the platform as su ace o t e p at o as

the aperture 



AIS Approaches to Reduce 
St t l Eff tStructural Effects



AIS Technology 
Benchmark Metrics

• Beam squint– angle / frequency ratioBeam squint angle / frequency ratio
• Peak angle

3 dB b idth• 3 dB beamwidth
• Peak intensity



n0_1p50 HISA board simulations (w / 10" long board) (-) vs. measurement (---)
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AIS Fundamental TheoryAIS Fundamental Theory



AIS Fundamental
ThTheory



AIS Design 
Algorithm







AISA Platform IntegrationAISA Platform Integration



Obstruction 
Characterization



Obstruction
Characterization



AISA
Characterization Setup



ACIN Elevation
Characterization

11 GHz10.6 GHz10.6 GHz

11.4 GHz 11.8 GHz



AIS Design 
Approach

• Empirically derive surface wave and modulation indicesp y
–Characterize Flat Panel Designs
–Optimize AIS bandwidth / decrease beam squint

• Curve AISA to achieve near horizon coverage
–Compensate for finite ground plane

S–Extend coverage beyond AIS angle limitations
• Optimize pattern on AIS to mitigate the obstacles



Curved AIS DesignCurved AIS Design



Curved AIS 
Design Results
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Strut EffectStrut Effect

Dipole source
face waves

Dipole source
face waves

face waves

Surface

No radiation from 
this region

Surface
Surface

No radiation from 
this region

Antenna RadiationAntenna RadiationAntenna Radiation



Surface WaveguideSurface Waveguide

• Index is tailored by selectively removingIndex is tailored by selectively removing 
metal to produce a region of comparatively 
low surface-wave indexlow surface wave index. 
- Low-index region guides surface-wave energy away 

from it
- Physically analogous to a dielectric waveguide



Curved AIS with
Optimized Waveguide
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AIS Comparison to
Aluminum Sheet

11 6 GHz 11 8 GHz 12 GHz11.6 GHz 11.8 GHz 12 GHz



AIS Comparison to
Al i Sh tAluminum Sheet

12.2 GHz 12.4 GHz



CURRENT AIS EFFORTCURRENT AIS EFFORT



Circularly 
Polarized AIS Design



Conformal AIS 
applique



Conformal 
AppliqueApplique

• Forming high dielectric materialForming high dielectric material.
– Existing substrates teflon impregnated

• Vacuum-formable?• Vacuum-formable?

• Three dimensional transformation from flat 
panel to appliquepanel to applique.



Lower Dielectric
Materials

• Low dielectric materials cheaper butLow dielectric materials cheaper, but 
require thicker material.

• Dielectric material thickness ratio• Dielectric – material thickness ratio 
changes by square-root of initial dielectric / 
final dielectric ratiofinal dielectric ratio.

• Thermo-plastic material in this range.
– Vacuum-forming process forms applique



Conformal FeedsConformal Feeds



Proposed Future 
D lDevelopment

• Investigate other frequency bandsInvestigate other frequency bands 
(Cellular, ISM, FRS)

• Integrate AIS onto other platforms• Integrate AIS onto other platforms
• Explore other commercial applications for 

t h ltechnology
• Develop baseline AIS synthesis tools
• Environmentally qualify the AIS



ConclusionsConclusions

• AIS is a cheap and versatile technologyAIS is a cheap and versatile technology 
that minimizes RF obstructions

• Further research needed to expand• Further research needed to expand 
bandwidth, theoretically predict indices, 
and optimize design techniquesand optimize design techniques

• Lower dielectric material not explored



QuestionsQuestions


