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GNSS-IR LOW COST SYSTEMS : RATIONALE

• Commercial Off The Shelf geodetic quality Receivers and Antennas are relatively expensive

• They are “designed” to suppress multipath

• Modern receivers are designed so they can record multi-GNSS and multi-frequencies at high rate

• Generally very robust system, they will keep running

HOWEVER

• With the advent of low-cost GNSS chips, often designed for phones or drones etc researchers 

have been looking at ways to use these in GNSS-IR application

• Apart from the appeal of low-cost there is a belief that the cheaper antennas will not suppress 

multipath as much leading to a better signal 



GNSS-IR LOW COST SYSTEMS

I am only going to talk about low cost systems that have been 
used to measure sea level

There are other systems that have been built for soil moisture etc

I am only going to show results from my own work (mainly)

I am not going to show you how to build a low cost system
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General set up : We need

• Something with a GNSS chip – often UBLOX

• Could be a phone or a tablet

• Modern ones now track all GNSS and dual frequency

• Antenna although the built in one can be used.

• Some sort of computer to record the data (Raspberry Pi, arduino)

• Either you can record raw data that can be converted to 
RINEX

• Or record NMEA signals*
• You need some way of powering the system

• You need some way of recording or transmitting the data

• After that its pretty much the same as a COTS GPS receiver *NOTE NMEA message give integer SNR, elevation 
and azimuth values
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If you really want to try this simply….

RECENT ANDROID PHONE
And an app like GEO++ RINEX Logger

GNSS chip plugged into a laptop and RTKLIB
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MPHW: AN OPEN-SOURCE GNSS-IR SENSOR

• Arduino based

• USD200 bill of materials

• NMEA format

• 0.1 dB resolution!

• Solar powered

• With 3-day battery

• Validated

• 3 cm RMS, 0.9 correlation

• Build tutorial

• Step by step

• New: high rate (10 Hz)
https://github.com/fgnievinski/mphw

https://github.com/fgnievinski/mphw


GNSS-IR LOW COST SYSTEMS

Apart from the appeal of low-cost there is a belief that the cheaper antennas will not suppress multipath as 
much leading to a better signal 

GTGU, Height 4m

Low cost, Height 3m
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GNSS-IR LOW COST SYSTEMS : EXAMPLES

Maestro
A2200A SiRFstar IV 
module with Xbee
wireless transmitter back 
to the building



ALFRED DOCK TIDE GAUGE, LIVERPOOL

New tide gauge installation with twin radar and trimble GNSS
Also includes a “not quite” low cost GNSS in the form of an 
EMLID REACH M2 (500 GBP) which uses the same UBLOX chips we 
are using elsewhere.

The extra cost is because it is an all in one system so 
incorporates a Raspberry Pi and can transmit via Bluetooth etc and the 
years of design time in building a system 
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• Example of a low cost system deployed in 
the Severn Estuary on Clevedon Pier

• Currently running to support the SWOT 
mission by supplementing the tide gauges 
in the area.

• There are two other low-cost systems 
deployed in the area

• We have several versions:

• solar/battery/mains,

• Logging/transmitted

• older chip using NMEA

• newer using RINEX
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The GNSS-IR is not in the same place as the tide gauge which is downstream 
and we can see a phase shift that is consistent with their locations.

We can see that the results “dry out” at low tide.
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Again we can see a phase shift between the gauges which are either side 
of the GNSS-IR
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EXAMPLES FROM ALFRED DOCK



SEVERN ESTUARY EXAMPLES


