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Foreword to the Special Issue on
Cyclone Global Navigation Satellite System

(CYGNSS) Early on Orbit Performance

THE Cyclone Global Navigation Satellite System
(CYGNSS) constellation of eight satellites was success-

fully launched on December 15, 2016 into low earth orbit. Each
satellite carries a four-channel bistatic radar receiver that mea-
sures GPS signals scattered by the earth surface. Global Naviga-
tion Satellite System Reflectometry (GNSS-R) techniques are
used to retrieve near surface wind speed over ocean and soil
moisture over land. The measurements are unique in several
respects, most notably in their ability to penetrate through high
levels of precipitation, made possible by the low frequency at
which GPS operates, and in the frequent revisit time and com-
plete sampling of the diurnal cycle, made possible by the large
number of satellites in a low inclination orbit. Engineering com-
missioning of the constellation was successfully completed in
March 2017. Since then, CYGNSS science data products have
been continuously produced.

The articles included in this special issue examine early on
orbit performance by CYGNSS. The first paper [item 1) in the
Appendix] considers the propulsionless means by which the
CYGNSS constellation maneuvered its individual spacecraft
into the desired orbital configuration. The second paper [item
2) in the Appendix] addresses another aspect of the spacecraft
constellation, but this one particular to bistatic radar remote
sensing using GPS transmitters. Spatial and temporal sampling
properties are examined and relationships between revisit time
and spatial resolution are developed. The next three papers ex-
amine engineering issues related to calibration of the CYGNSS
surface scattering cross section measurements. Item 3) in the
Appendix presents experimental results intended to character-
ize the navigation signals transmitted by the GPS constellation
which are used by CYGNSS. Item 4) in the Appendix describes
the data processing algorithm used to convert CYGNSS raw
data into measurements of normalized bistatic radar cross sec-
tion, examines the associated errors, and reports on the overall
uncertainty in the measurements. The third paper [item 5) in the
Appendix] describes several calibration errors that were present
in earlier versions of the data processing algorithm, which were
subsequently corrected or significantly reduced by more recent
versions.

Three articles address the estimation of ocean surface wind
speed from the measurement of scattering cross section. In
[item 6) in the Appendix], a relationship is derived between

Digital Object Identifier 10.1109/JSTARS.2018.2885391

the scattering cross section and the wind speed using empiri-
cal matchups between the CYGNSS measurements and near-
coincident sources of wind speed “ground truth”. In [item 7)
in the Appendix], an alternative relationship is developed, this
time between the wind speed and a measure of the extent of
diffuse scattering of the reflected signal away from the specu-
lar direction. This second wind speed-related paper also uses
the relationship in a wind speed retrieval algorithm and exam-
ines its performance. The third paper [item 8) in the Appendix]
evaluates the performance of the baseline wind speed retrieval
algorithm used by the CYGNSS mission via intercomparisons
with numerical weather predictions model outputs and near co-
incident overpasses of hurricanes by NOAA “hurricane hunter”
aircraft sensors. The wind speed retrieval uncertainty is found
in both assessments to be better than 2 m/s at wind speeds below
20 m/s. At higher wind speeds and, in particular, in tropical cy-
clone conditions, the uncertainty increases proportionally with
wind speed.

The last two articles in the special issue provide early
looks at some of the scientific applications made possible with
CYGNSS. Item 9) in the Appendix considers the nature of the
rapid temporal sampling that results from the orbital configura-
tion of the constellation. Samples made by successive spacecraft
in the constellation, sometimes just minutes apart from one an-
other, can be used to detect rapid changes in atmospheric state
due to convection. The final paper [item 10) in the Appendix]
examines the sensitivity of CYGNSS land surface scattering
measurements to near-surface soil moisture and to characteris-
tics of the overlaying vegetation canopy (when present). The
sensitivity is found to be significant and repeatable enough that
the generation of a soil moisture data product should be pos-
sible. This suggests that CYGNSS measurements will expand
into new land applications in the future.
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