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Abstract—In this paper, GNSS-Reflectometry is performed
using Unmanned Aerial Vehicle (UAV). Received GNSS multipath
signal is utilized to perform environment remote sensing in
dynamic and static flight modes. Right-Hand Circular Polarized
(RHCP) multipath signal is recorded and its interference fre-
quency is used to estimate the height of UAV above the ground
surface. In the dynamic flight mode, the C/N0 level of the reflected
Left-Hand Circular Polarized (LHCP) signal is used to indicate
the presence of different ground surfaces. In comparison with
the ground measurement systems, UAV provides a dynamic and
flexible measurement platform, potentially significantly reducing
the measurement time. At the same time, measurement signal
quality is influenced due to the variation of the UAV altitude.
The results presented strongly indicate the possibility of utilizing
UAVs as measurement platform for remote sensing using GNSS
multipath signal.

Index Terms—GNSS-R, multipath, UAV, Drones, dual circular
polarization, reflection, remote sensing.

I. INTRODUCTION

Global Navigation Satellite System (GNSS) signals are
freely available around the globe and can be captured using
compatible GNSS receivers. Four major GNSS constellations
that have at least 20 active satellites, providing coverage
worldwide are GPS (USA), GLONASS (Russia), BeiDou
(China), Galileo (Europe). At least four satellites with line-of-
sight (LOS) propagation is required to get a good positioning
solution. However, when the GNSS signals arrive at the earth
surface, the influence of environment on these signals could be
significant. Urban environment or rapidly changing landscape
(forests or mountain valleys) can cause the GNSS signals
to undergo fundamental wave propagation effects such as
reflection, diffraction, and scattering. These signals arrive at
the receiver via different paths to create a multipath signal.
Multipath signals significantly degrade receiver performance
and introduce large errors in positioning solution. Therefore,
the multipath signal is an unwanted quantity in the GNSS
navigation and positioning systems. However, the analysis of
GPS reflected signal from the sea in [1], gave the altitude
information of the aircraft. Henceforth, the possibility to
utilize the GNSS multipath signal for environment sensing
was realized. Few years later, [2] established the theoretical
foundation for GNSS-Reflectometry (GNSS-R) and ever since
several theories and applications have been developed in the
field of GNSS-R remote sensing.

GNSS-R is a passive remote sensing technique used to
estimate various environment parameters by analysing GNSS
multipath signals. GNSS-R has been used to estimate sea level,

sea-wave height, wind speed over the ocean, snow and ice
thickness, soil moisture etc [3]–[8]. The incident right hand
circular polarized (RHCP) signal becomes left hand circular
polarized (LHCP) after reflection from smooth surface, for
satellite elevation angles greater than the Brewster angle. For
angles less than the Brewster angle, the reflected signal will
still be RHCP. The reflected RHCP and direct signals add up
creating a pattern of constructive and destructive interference.
This interference pattern is created due to the angular motion
of satellite causing continuous change in the excess path length
travelled by the reflected signal with respect to incident signal.
This change in polarization is utilized to extract environment
properties. Therefore, the Dual Circular Polarized Reception
(DCPR) system is used to receive RHCP and LHCP signals,
simultaneously [4]. GPS L1 C/A and GLONASS L1OF trans-
mitted RHCP signals are used in this study. The DCPR system
is installed on board an Unmanned Aerial Vehicle (UAV),
that provides unprecedented flexibility to the measurement
setup. Dynamic GNSS-R on board an airplane has been
performed to identify water bodies in [9]. However, this paper
investigates the possibility to use UAVs as a measurement
platform to perform GNSS-R faster, with low complexity, and
as a more environment friendly approach. Thus, we proposes
an adaptive and mobile GNSS-R measurement station. GNSS-
R measurements are performed at sea and lake for estimating
the height and sensing different surfaces, respectively. GNSS-
R measurements are performed in static as well as dynamic
modes.

This paper is arranged in the following way. A brief intro-
duction on GNSS-R is given in Section II. Section III gives
a detailed description of DCPR integrated drone measurement
system and setup. The measurement results and analysis are
presented in Section IV. Sources of uncertainty is discussed in
section V and the paper is concluded in Section VI.

II. THEORETICAL BACKGROUND OF
GNSS-REFLECTOMETRY

The direct and reflected GNSS RHCP signals add up to
create an interference pattern which is a function of height of
the antenna above the reflecting surface and satellite elevation
angle. The polarization of the direct and reflected signal has
to be same to create this interference pattern. Therefore, it is
only possible to capture these interference patterns for lower
elevation angles that are closer to the Brewster angle. The
interference pattern is due to the satellite movement in the
elevation plane that continuously changes the phase difference




