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Background and Introduction
GNSS Reflectometry (GNSS-R) is an appropriate tool to profile the water level of lakes and rivers with high precision from space. It is also low cost as the 
GNSS-R payload can be accommodated in very small platforms and has the potential to provide short revisit time at global coverage. The key to the high 
precision resides on the fact that the surface of in-land water bodies reflects the GNSS signals coherently most of the times, allowing the use of precise 
carrier phase-based observations. The resulting instrument precision is typically at the millimetre level. Being the GNSS-R technique based on forward 
scattering, the reflected signals offer high amplitude, and small antennas can be used to receive them. Other advantage of coherent GNSS-R observations is 
their capability to penetrate foliage down to the water surface. 
 This poster presents the advantages of exploiting GNSS Reflectometry leveraging new technologies which will allow flying in Very Low Earth Orbit in a 
near future. The most significant advantage is the enhanced received reflected power that leads to simpler antennas needed in the GNSS-R payload. The 
concept proposed is that of a fleet of M very small satellites each capable of processing a number N of reflections. Different size scenarios shall be 
contemplated, down to reaching revisit times over a given land area of 1 hour. This is necessary for example to monitor and track the effect of heavy 
precipitation on rivers, water reservoirs and inundated terrains. Other important advantages are the use of, up to now, a very empty orbital shell, as well as 
the lower cost and reduced contamination of the launches into VLEO.
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The VLEO Platform: RED (RAM-EP in-orbit Demonstrator)
The VLEO platform on which the GNSS-R 
payload could potentially fly is based on the 
RAMP-EPO engine, an air-breathing electric 
propulsion thruster developed and patented by 
SITAEL S.p.A. (Italy). The RAM-EP could be 
operated at very low altitudes, down to only 160 
km. 
 The RAM-EP collects air molecules in at VLEO 
through the in-take aperture shown along the +X 
axis on the figure. The air gets compressed into 
an ionization stage and the ions accelerated 
electrostatically through an induced electric field.
 An In-Orbit Demonstrator of the RAM-EP 
engine (RED) is being prepared. The challenge is 
to show a payload like the GNSS-R instrument 
can be added to the RED.
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A mission such as RED is bound to consume a great deal of energy; a passive payload is therefore the best choice for RED. The payload 
considered for this study is PARIS which stands for Passive Reflectometry and Interferometry System. PARIS uses the reflected signal from 
GNSS constellation satellites to perform altimetry measurements simultaneously along several tracks.
The use case of choice is the measurement of water levels and size of water bodies (lakes, rivers…) for flood monitoring, but secondary 
applications are also possible, such as monitoring of sea ice coverage, soil moisture and freeze-thaw mapping.

Objectives and working principle of PARIS

The starting point of the design of a PARIS payload is its antenna. This element needs to be able to track the reflected signal from the GNSS 
satellites, so the parameters of interest are the elevation �𝐸𝐸 as shown in Fig. 1, and the azimuth angle in the direction of motion of the satellite. 
The angle 𝛼𝛼 is the reflection angle, for which the maximum allowed value was set to 60deg. The study considered the signals over 24 hours 
coming from the GPS, GALILEO, BEIDOU and GLONASS constellations tracked by a satellite in a 97/6 dawn-dusk SSO (about 220km altitude). 
The results show that on average there are 14 simultaneous reflection points, with 7 as minimum and 28 as maximum. Fig. 3 shows the 
antenna patterns to track the reflected signal from a sample GALILEO satellite; from this it can be inferred that the antenna will need to be able 
to sweep the entire field of view of the satellite. The pattern is also indicative of the relative geometry between the two satellites, for example the 
brown segment is very steep likely because the window of visibility starts with the satellites right above each other.

GNSS reflection points analysis for antenna design
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Figure 3:  
Satellite-Target Elevation vs Azimuth for antenna 

steering design (12 visibility periods shown)
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