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Abstract

Since 2007, the National Aeronautics and Space Administration (NASA) has been collecting
atmospheric phase turbulence data from various NASA ground stations throughout the world. The goal
of these measurement campaigns has been to generate statistics to characterize the local site
turbulence conditions and their impact on widely distributed ground based antenna arrays. This is of
critical importance for the situation of uplink arraying, in which a priori knowledge of the fast varying
turbulent conditions of water vapor in the troposphere may not be known, and will impact the power
combining efficiency of ground based transmitting arrays. Therefore, the design of these type of systems
will be dependent on the local climatology of the particular ground station site. Based on the 30+ station
years of data collected characterizing atmospheric phase scintillation statistics at various sites, a global
model is presented which attempts to predict the average phase statistics of a generic site based on
local surface weather data, such as surface pressure, temperature, relative humidity, wind speed, and
median wind direction. A model is proposed and based on a standard log power distribution similar to
amplitude scintillation models trained on the existing data sets and shows reasonable accuracy against
existing data sets.

Introduction

A ground-based communications architecture for deep space based on arrays of widely distributed
reflector antennas provides several inherent advantages over single, large monolithic structures. This
includes the following: reduced maintenance costs; graceful degradation of performance; relative ease
of meeting the surface accuracy requirements for small apertures at higher frequencies (i.e., Ka-band);
N2 improvement in Effective Isotropic Radiated Power (EIRP), where N is the number of elements in the
array; and the enabling of novel communications capabilities, such as multibeam operation. Based on
these benefits, NASA has already begun outfitting each of its Deep Space Network (DSN) sites with
additional 34-m aperture antennas with the goal of providing comparable/improved performance over
existing 70-m aperture antennas via implementation of an array-based a
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Figure 7. Results of fit for Canberra, Australia for 2012-2014.
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Figure 8. Results of fit for Madrid, Spain for 2014.
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Figure 9. Results of fit for Cape Canaveral, FL for 2014-2015.

Table Il summarizes the rmse performance of the proposed model relative to the data collected. Note
that some of the largest errors between the model prediction and data collection is for situations in
which the data availability is below about 90%.






Table Il. Summary of Model Accuracy per site per year

Site Location Year Data Availability RMSE (mm)
Goldstone (Venus) 2009 97.75 0.1270
2010 75.9 0.0922
2011 90.48 0.2132
2012 90.77 0.1313
2013 76.0 0.3442
2014 56.8 0.2316
Goldstone (Apollo) 2011 87.25 0.1077
2012 93.78 0.1717
2013 98.26 0.1884
2014 96.83 0.1656
White Sands 2009 97.4 0.1964
2010 99.3 0.3099
2011 98.36 0.2556
2012 86.74 0.1914
2013 98.21 0.5312
2014 80.5 0.1224
Guam 2011 99.8 0.2812
2012 99.54 0.4069
2013 95.51 1.4700
2014 97.0 1.1489
Canberra 2012 92.62 0.1743
2013 98.57 0.1003
2014 97.75 0.1664
Madrid 2014 95.98 0.4172
Cape Canaveral 2014 84.0 0.4476
2015 82.95 0.8959
Conclusions

Herein a global model has been proposed for the prediction of atmosphehized phase
scintillations statistics. This model is based on physical parameters and is fit to data collected and
tabulated within Table {111 in the ITU SG3 databankBhe modé shows reasonable agreement with
data, with improvements possible, particularly in the estimation of the Kolmogorov turbulence
parameter, beta. This model is expected to be utilized for the effective systems planning of ground
based widely distributed aays for the determination of losses induced in array power combining for

a given site around the world.
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