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Abstract— NASA Glenn Research Center (GRC) and the 
Politecnico di Milano (POLIMI) have initiated a joint 
propagation campaign within the framework of the Alphasat 
propagation experiment to characterize rain attenuation, 
scintillation, and gaseous absorption effects of the atmosphere in 
the 40 GHz band.  NASA GRC has developed and installed a 
K/Q-band (20/40 GHz) beacon receiver at the POLIMI campus 
in Milan, Italy, which receives the 20/40 GHz signals broadcast 
from the Alphasat Aldo Paraboni TDP#5 beacon payload.  The 
primary goal of these measurements is to develop a physical 
model to improve predictions of communications systems 
performance within the Q-band.  Herein, we provide an overview 
of the design and data calibration procedure, and present 6 
months of preliminary statistics of the NASA propagation 
terminal, which has been installed and operating in Milan since 
May 2014.  The Q-band receiver has demonstrated a dynamic 
range of 40 dB at an 8-Hz sampling rate.  A weather station with 
an optical disdrometer is also installed to characterize rain drop 
size distribution for correlation with physical based models. 

Index Terms—Alphasat, propagation, Q-band, measurement. 

I.  INTRODUCTION 
Though the primary focus of NASA’s future space 

communications architecture is in the exploitation of Ka and 
optical frequencies, NASA is also investigating the potential 
use of spectrum in the Ka/Q-bands (37-42 GHz) and V/W-
bands (74-84 GHz) as a downlink option in the next generation 
of relay satellites expected to replace the existing Tracking and 
Data Relay Satellite (TDRS) system in the 2025 timeframe.  
As such, NASA Glenn Research Center is spearheading a 
collaborative effort to characterize atmospheric propagation 
effects at these millimeter wave frequencies.  A major part of 
this campaign includes the use of the Alphasat Aldo Paraboni 
TDP#5 20/40 GHz beacon in Europe.  The primary goal of 
these measurements is to develop a physical model to improve 
predictions of atmospheric attenuation within the desired 
spectrum.  Herein, we provide an overview of the design, 
calibration procedure, and preliminary statistics of the 20/40 
GHz beacon receiver built in-house by NASA Glenn Research 
Center, and which has been recording data at the Politecnico di 
Milano (POLIMI) campus since May 2014.  The receiver is 
based upon the validated FFT digital design approach utilized 
in other operational GRC propagation terminals [1-2].  The 
new design incorporates upgrades and modifications to 
coherently track and measure the amplitude of the 20/40 GHz 
beacon signals with improved dynamic range.  It is believed 
that these measurements, combined with thorough 

characterization of local meteorological conditions, will 
provide the necessary basis for improved models to assess the 
performance of communications systems employing 
frequencies in the Q-band. 

II. EXPERIMENTAL SETUP 
The receivers were installed atop the roof of the 

Dipartimento di Elettronica, Informazione e Bioingegneria 
(DEIB) building on the POLIMI campus in April 2014 and is 
shown in the photograph of Fig. 1.  The nominal elevation 
angle of observation is approximately 35 deg.  During initial 
operations, several anomalies were addressed and operational 
status was achieved on June 1, 2014.  To supplement the 
beacon receivers, a suite of weather sensors are utilized to 
obtain surface temperature, pressure, humidity, wind speed/ 
direction, and rain rate.  A disdrometer has also been installed 
at the POLIMI site to obtain drop size distribution, fall 
velocity, and high resolution rain rate measurements. 

 

 

III. GRC K\Q-BAND BEACON RECEIVER DESIGN 

A. Receiver Hardware 
The Alphasat beacon receiver developed at NASA GRC 

consists of a 1.2m K-band and a 0.6m Q-band Cassegrain 
reflector with equivalent antenna beamwidths of 0.9 deg.  The 
receivers employ independent open-loop tracking systems for 
each antenna to track the inclined orbit of the Alphasat 

 
Fig. 1.  Photograph of K/Q-band beacon receiver and weather instruments 

installed at POLIMI campus. 
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Fig. 9. Resultant example calibrated attenuation time
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