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Introduction

ÁWireless communication

ïMarconi  , Popov, etc

ïTerrestrial , RADAR and Satellite Systems

ïHigh Altitude Platforms Station (HAPS)

ÁWireless Power Transmission (WPT)

ïTesla, W.C Brown ,P.Glaser, et

ïTerrestrial and HAPs

ïSolar Power Satellite (SPS)

ïR.M. Dickinson, J.C. Mankins, H.Hashimoto



Block Diagram of a Typical MW 

WPT System 



WPT  Systems

ÁRFID Systems-Resonance effects

ÁShort ranges WPT  (0.1-100)m

ÁLong Ranges WPT (0.1-38000) km

ÁMicrowave (MW) or LASER

ÁTerrestrial operating MW  WPT Systems

ÁJPL: 2.4 GHz,30kW DC,82%,1.6 km, 1975

ÁReunion:2.45 GHz,10kW DC,07 km, 1992

ÁSHARP:2.45 GHz,10kWDC, 0.1km, 1987

ÁKyoto U. Aircraft to Ground 5.8GHz  1993



Effects of the MW beam transmitted 

by an aperture antenna of diameter DT

Dt (m)=(dr(m)Ĭ0.6/f(GHz))0.5

Dt (with HAPs dr=20000m and F=5.8GHz. 

Therefore Dt=45m

For maximal power transfer efficiency

At (m2)ådr(m)/2f(GHz)

Hawaii  J. Mankins experiment 148 Km Pt=20W eff. very low at 2.45 GHz 



Typical RECTENNA Element for  a 

WPT System.

Pioneer  W.C Brown
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Thin film RECTENNA array



Artistic Pictures of  WPT Systems for 

HAPS



GEO, LEO,MEO Sat. and HAPS.



HAPS Main Advantages

ÁLow Cost of the platform  and launching

ÁLow maintenance Cost. Rapid deployment

ÁLow Free Space Dispersion Losses

ÁLow power Consumption (Tx , Rx)

ÁHigh Reception Sensitivity

ÁLarge coverage zone  relative to ground 

communication

ÁGood LOS (line of sight) Conditions

ÁShort time delay enable high capacity



HAPS  Disadvantages

ÁLimitations in Solar Energy

ÁVulnerable to enemy attack and Jamming

ÁNot yet Proved (Mature)Technology



The sandwich MW WPT system for a 

terrestrial base Tx to a HAP



HAPS Spectrum and Bandwidth

ÁFrequency Ranges      

Á2.1GHz S Band, B= 60MHz, (9.6-384)kbps.

Á(28- )31GHz Ka Band, B=300MHz

Á(47-48) GHz, B=300MHz for fast internet

ITU Allocations



An artistic picture of  GEO SPS NASA,. concept 

Pioneers: P. Glaser, J.Mankins, H. Matsumoto.

NASA and Japanese Aerospace



MW WPT Systems Parameters

ÁMW  WPT Systems Frequencies:

ÁISM ( 2.45,  5.8  and 24.5) GHz

ÁAtmospheric Windows (35,94 and 140) GHz

ÁPrecise Tracking and Control Require:

ÁPhased Conjugated Retro-directive Antenna 

Array. 

ÁPilot Signal at half Tx frequency or DSSS 

multiplexing.  



Atmospheric weather losses as function of 

the frequency

L.atm .(db) for f=5.8 GHz and Rain path length of 4km and clouds;  

weather at T=(00C)  and Rain: 5mm/h (0.05),10mm/h(0.16), 50mm/h(1.2), 

100mm/h(2.8), and  Severe thunderstorm (9)



Total Zenith 

Attenuation (in 

dB) as function 

of frequency  at 

clear weather 

conditions



Detailed block diagram of a typical 

MW WPT system feeding a HAP



HAPMW WPT Systems 

Electromagnetic Interference (EMI) 

Considerations
ÁMain EMI mitigation measures required to protect 

radio systems from WPT systems:

MW  WPT Tx Stability and linearity more important 

than power efficiency.

ÁSharp filters at the  WPT CW  Tx output

ÁTo reduce harmonics ,active and passive Inter-

Modulation and Desensitization Mitigation 

techniques for HAPs communication Rxs.

Á The interference effects  depend more on the 

distance from the interference source than the 

interfering power.



MW WPT Systems Electromagnetic 

Interference (EMI) Considerations (2)

ÁTx antenna array control to reduce grating 

and side lobes protection from RFI

ÁGaussian  or Raleigh Tapers to concentrate  

Tx power density at the  array center .

ÁRECTENNA frequency selective surfaces 

and absorbers for HAPS to reduce EMI.

ÁThe EMI effects decrease for higher 

frequencies but the atmospheric losses 

increase.



Bio-Hazard Consideration

ÁThe radiation Maximum Permissible 

Exposure (MPE) main standards are the 

ANSI/ IEEE  and the IRPA/ WHO .The time 

averaging of exposure is also important and 

a factor of security of 5 is added to 

distinguish between the general public and 

the controlled locations occupational 

radiation exposure conditions of 10 W/m2



Bio-Hazard Consideration (2)

ÁAbove 300 MHz the MPE is increased with 

frequency due to  MW radiation skin depth 

instead of  resonance effects.

ÁThe Transmitter and RECTENNA  phased 

array perimeter has to be forbidden for the 

general public. For the professional staff the 

MPE is 250W/m2 for frequencies exceeding 

3 GHz.The damage value is 1500W/m2 the 

sun light power density S on the ground.

m


