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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 Technology Demonstration 
Payload (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 describe the design and preliminary 
performance of the NASA propagation terminal, which has 
been installed and operating in Milan since June 2014.  The 
receiver is based upon a validated Fast Fourier Transform 
(FFT) I/Q digital design approach utilized in other operational 
NASA propagation terminals, but has been modified to employ 
power measurement via a frequency estimation technique and 
to coherently track and measure the amplitude of the 20/40 
GHz beacon signals.  The system consists of a 1.2-m K-band 
and a 0.6-m Q-band Cassegrain reflector employing 
synchronous open-loop tracking to track the inclined orbit of 
the Alphasat satellite.  An 8 Hz sampling rate is implemented 
to characterize scintillation effects, with a 1-Hz measurement 
bandwidth dynamic range of 45 dB.  A weather station with an 
optical disdrometer is also installed to characterize rain drop 
size distribution for correlation with physical based models. 
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1. 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 Space Based Relay (SBR) that is 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 small, 
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 describe the design 
and performance 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. 

 
2. GRC K/Q-BAND BEACON RECEIVER DESIGN  

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 satellite.  A block diagram of the front ends and 
common Intermediate Frequency (IF) downconversion cards 
(labeled K-DACS and Q-DACS) of the system is provided 
in Figure 1 and Figure 2, respectively.  Primary 
downconversion to a common IF of 70 MHz is performed 
within the temperature controlled RF boxes mounted 
directly behind the antennas.  Independent temperature 
control of the LNA and the plate upon which the RF 
electronics are mounted maintain a temperature stability of 
+/- 0.01 deg C.  From the RF boxes, the signal is routed to a 
secondary temperature controlled IF box where final 
downconversion stages take place to the common 455 kHz 
IF.  Temperature stability of the IF box is maintained to 
within +/- 0.25 deg C. 



 

 

Figure 1 – Blo

Figure 2 – Blo
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Figure 5 – A deep rain fade event wher
receiver entered frequency track mode (

top plot) utilizing the K-band beacon
reference (blue curve in top plot).  Note

maintained down to approximately -40 dB
(bottom plot) 
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5. DATA ANALYSIS 
Preliminary analysis of the data has demon
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Figure 9 – Rain event time series for 6/14
the resulting power spectral density 

 

5

nstrated excellent 
Analysis of the 

e rain event and 
res 9 and 10, 

heory.  From the 
hat the spectrum 
ly well with the 
and -80/3 dB/dec, 
e for a clear sky 
at around 0.2 Hz 
approximately 1 

d.  A sample time 
ated disdrometer-

 

4/2014 (left) and 
plot (right) 

Figure 10 – Scintillation event tim
(left) and the resulting power 

(right) 
 

Figure 11 – Time series of a rain
band receiver, (middle) the Q

(bottom) the disdrometer-r
 

 

me series for 6/11/2014 
spectral density plot 

 

n event for (top) the K-
Q-band receiver, and 

ecorded rain rate 



 

 

6. REFERENCE ATTENUATION
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Figure 12 – Detailed workflow for the c
beacon power levels using RAOBS an

Vertical profiles of pressure (P), relative hu
temperature (T) are first used as inpu
(Teknillinen KorkeaKoulu) cloud detectio
estimate the vertical distribution of the clo
content, and then turned into path attenuatio
and gases) using the Liebe’s MPM93 m
model [8].  As clarified in Figure 12, we hav
the profiles collected during rain events 
gauge and disdrometer data) and, more 
which clouds have been identified (either by
for ROABS of by the ECMWF atmospheric
profiles). The former type of profiles is 
mass absorption models do not typically t
the effects of precipitation (while the receiv
is extremely sensitive to rain as shown 

6

N LEVEL 
otal atmospheric 
ers is the correct 
evel Aref, which is 
evels (dBm) into 
pically employed 

non-scattering) 
the brightness 

quencies [6]. 

currently the case 
nde observations 

eather Prediction 
native. Figure 12 
ve power level 
ected at Milano 
a day (0 and 12 
produced by the 

Weather Forecast 
atitude×longitude 

 

calibration of 
nd NWP data 

umidity (RH) and 
ut to the TKK 
on model [7], to 
oud liquid water 
on (due to clouds 
mass absorption 
ve filtered out all 
(exploiting rain 

in general,  for 
y the TKK model 
c model for NWP 
very critical, as 

take into account 
ved beacon signal 

for example in 

Figure 13); to a lesser extent, also th
liquid water along the profiles redu
the outline calibration procedure 
distribution of clouds which might n
both the RAOBS launch site and the

As an example, Figure 13 depicts, 
the disdrometer-recorded rain rate 
as: 

 lev refD P A= − −  
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Figure 14 – Example of calibrated attenuation data 

7. CONCLUSIONS 
Herein we present the design and performance of the NASA 
GRC-developed Alphasat beacon receiver terminals, which 
has been collecting data at the POLIMI campus since May 
2014 and initiated formal operations on June 1, 2014.  
Barring system issues, the performance of the receiver has 
exceeded expectations and has been recording reliable data, 
which validates theoretical models of, for instance, rain and 
scintillation power spectral density slopes.  We employ a 
modified Quinn-Fernandes frequency estimation routine to 
derive the frequency and power measurement of the beacon 
signals, resulting in a demonstrated dynamic range of 
approximately 38 dB at the 8-Hz sampling rate, and 45 dB 
at the 1-Hz sampling rate.  The system calibration routine 
for passband gain variation has been described which 
adequately removes this effect.  Currently, the zero-
reference level calibration is derived from radiosonde 
measurements collected at Milano Linate Airport (approx. 5 
km away) and from meteorological information provided by 
the ECMWF.  Next steps for this campaign involve the 
installation of a water vapor radiometer to more directly 
zero-reference the power measurements.  Further, once the 
ASI site in Spino d’Adda is operational, the opportunity to 
conduct site diversity measurements at Q-band will be 
available, as the POLIMI site and the Spino d’Adda site lie 
approximately 20 km distance apart. 
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