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3Objectives and activities of MARGOT

NAVISP AO 9055: Multipath & Interference Error Mitigation Techniques for Future 

Maritime e -NAV Services

Objectives:

Å Determine over-bounding multipath and interference error models for the maritime environment

Å Determine mitigation methodologies for multipath and interference

Å Determine L-band channel models for the maritime environment



4Objectives and activities of MARGOT
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5Objectives and activities of MARGOT

Main activities:

Å State of the Art review in maritime environments

Å Data collection setup

Å Data processing methodology

Å Data collection campaigns

Å Data analysis and derivation of models

Å Validation and demonstration

State of the Art

Data collection 

setup

Data processing 

methodology

Data collection

Data analysis

Validation



6Objectives and activities of MARGOT



State of the art review on multipath and interference for 
maritime environments



ÅObjective 
ÅMaritime operations and environments 
ÅMaritime navigation (ruling bodies, e -Navigation, environmental conditions and 

motion of the vessels)
ÅMaritime navigation phases and operations 
ÅGNSS- maritime navigation requirements, applications, performances
ÅMaritime antenna installation

ÅGNSS Vulnerability
Å Interference (unintentional, intentional, regulations for interference)
ÅMultipath 

ÅError models for multipath and interference
ÅEstimations
ÅMitigation
ÅDerivation of error models
ÅUsed equipment

ÅEvaluation of multipath error
ÅChannel model requirements
ÅState of the art in satellite-maritime channel modelling

ÅReceivers and antennas for maritime operations
ÅConclusions

Overview



ÅD1 objective- focused on reviewing available publications and previous activities
external to this project that are related to multipath and interference characterization,
with a focus on maritime environments .

ÅMaritime navigation - main ruling body- International Maritime Organization
(IMO)

ÅIMO e-Nav strategy- requires optimizing the integration of GNSS,as PNT is part
of the critical navigation data ensuring safety and security of transportation

Å IMO A.915(22)- recognized GNSSas Worldwide Radionavigation Systems(WWRNS)-
recognized GNSS systems: GPS, GLONASS, Beidou, Galileo (NaVIC - possible
recognition)

Objective



Maritime navigation and GNSS

Maritime navigation requirements for GNSS- IMO A.915(22) & IMO A.1046(27)
Å IALA R-129- joined the precision requirements of IMO A.915(22) & IMO A.1046(27)

(minimum user requirements)



Maritime antenna installation & GNSS vulnerabilities 

IMO resolutions concerning shipborne receiving equipment mentions: the antenna 
design should be suitable for fitting at a position on the ship which ensures a clear view 
of the satellite constellation, taking into consideration any obstructions that might exist 
on the ship.
National Marine Electronics Association (NMEA) - USA: Most all installations are a
compromiseò.

IALA R -129 recommendation- sources of GNSS vulnerability: 
ÅDeliberate or accidental damage to the ground infrastructure
ÅFailure of individual satellites 
ÅFailure of electronic equipment on board a vessel, due to power supply failure or to 

a fault , temporary or permanent, in the receiver antenna 
ÅPermanent or temporary disablement of GNSS receiver antennas subjected to high 

power radar transmission
ÅAccidental or malicious interference due to extremely low level of the signal at the 

user receiver 



Interference 

Article 1.166 of the International Telecommunication Union's (ITU) Radio Regulations
(RR) - ñtheeffect of unwanted energy due to one or a combination of emissions,
radiations, or inductions upon reception in a radio communication system, manifested
by any performance degradation, misinterpretation, or loss of information which could
be extracted in the absenceof such unwanted energyò
ÅUnintentional interference
ÅIn-band
ÅNear band
ÅOut-of-band
ÅIntentional interference
ÅJamming Łnoise signal induced across the GNSS frequency (accidental, criminal, 

red team jamming, deliberate and Blue Team jamming)
ÅSpoofing- similar GNSS signals
Å Meaconing- a special type of spoofing- rebroadcasting parts of the signal

A series of IMO regulations addressing interference established for the different GNSS
systems used in maritime environments : antenna placement and installation, the
performances of the GNSS receiver, conditions related to the GNSS and AIS VHF
antenna locations, conditions for DGPS and DGLONASS maritime radio beacon
equipment, conditions for the multi -system receiver equipment



Interference 

Estimating interference
ÅThe theoretical model of the C/N 0 loss in the presenceof interference
Åthe spectral separation coefficient, and
Åthe interference error envelope.

Interference mitigation - difficult tasksdue to the variety of potential interfering signals
Mitigation techniques applicable at receiver level:
ÅTime domain mitigation
ÅFrequency domain mitigation
ÅSpatial domain mitigation

Derivation of error models for interference- based on the outputs of GMV srx-10i real-
time interference monitor which is used to differentiate between nominal and
interference impacted data



Multipath

ÅCausedby reflecting objectsnear the transmitter that scatter the original signal
Åit affectsboth the code and the carrier measurement

ÅEstimating multipath - two proposed methods
ÅCode-minus-carrier-method
ÅLinear Adaptive Filter (LAF)

Multipath mitigation - many methods, but none of them can completely eliminate the
effectsof multipath or suit all GNSSapplications
ÅSite-dependent techniques- not feasible for kinematic applications
ÅAntenna-based techniques- the choke ring antenna- most feasible considering the

costs,the aspect,the complexity, the technical limitations, the technological maturity
ÅReceiver based-techniques- the carrier smoothing and Doppler domain - most

feasible,but for Doppler Domain costsare a limitation
ÅMeasurement-processing techniques

Derivation of error models - determination of multipath component of the code 
measurement- used the RINEX file files containing the dual frequency observations 
from two identical receivers sharing the same antenna



Evaluation of multipath model

ÅChannel model/simulator available form ESA previous activities
The interest- describing the local effects (not tropospheric , ionospheric, etc.), namely, 
shadowing, blockage, specular and diffuse multipath, for the navigation bands (L -
Band).
ÅMost relevant factors to be taken into account when performing a classification and
definition of a limited setof casesfor the error basedanalysis:

- Sea state: wave height and period. 
- Antenna pattern and gain: directive, hemispheric, reference isotropic.
- Longitudinal movement of ship: course and velocity
- Oscillatory movements of the ship in the waves: pitch, roll, yaw.
- Changes in the antenna gain due to ship oscillatory movements.
- Type of ship size: tonnage, length, width, usage
- Operations: cargo shipping, fishing, leisure navigation

Affecting 
- Possible antenna sitting and structure originated multipath.
- Response to sea state for different courses and velocities
- Scenario: open-waters (ocean, sea), coastal, inland waterways, port entrance and 

port operations

The most comprehensive model is Karasawa-Shiokawa model



Conclusions

ÅGNSS receivers tend to be used more and more in the maritime navigation,
considering also the favorable context of the development of multiple GNSS
constellations

ÅSpecific regulations issued for the different satellite systems regularizing the specific
conditions of use

ÅAt this moment, Galileo is expected to fulfill most of the maritime navigation
operations, as it should provide accuraciesbetter than 10 m, being suitable not only
for general navigation, but also for navigation in harbour entrances, harbour
approachesand coastalwaters

ÅDespite being very used and very useful, GNSS positioning presents different
vulnerabilities which can harm the received signal and the position of the vessel- a
first handled aspect was the maritime antenna installation , considering all types of
antennaswhich can be presented on-board ships

ÅThe most relevant condition is that antenna design should be suitable for fitting at a
position on the ship which ensures a clear view of the satellite constellation, taking
into consideration any obstructions that might exist on the ship
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Data collection activities



18Data collection activities - equipment

GMVƔs SRX-101 Receiver

Septentrio AsteRx-m2 OEM 
GNSS receiverNI USRP-2945

Septentrio AsteRx-U GNSS 
receiver

Avantech UNO-3283G 
Industrial Computer

Septentrio Choke Ring
antenna

Septentrio PolaNt-x MF
antenna



19Data collection activities - equipment

Equipment Description

1x Avantech UNO-3283G Computer

1x NI USRP-2954R Software Defined Radio

2x AsteRx-U Multi-constellation, dual antenna GNSS receiver

1x AsteRx-m2 Multi-constellation, dual antenna GNSS receiver

3x Tallysman TW150 Bias Tee

3x Tallysman TW151 Signal Splitter

2x 12V 6A Power supply Power supply

2x 24W Lead-acid battery Power backup

1x PolaNt Choke Ring B3/E6 GNSS Antenna

2x PolaNt-x MF GNSS Antenna



20Data collection activities Ɲequipment setup



21Data collection activities Ɲsoftware tools 



22Data collection activities Ɲcampaigns
Istros

Mare Nigrum

Cpt. Cdor. Alexandru Catuneanu

Piggyback and dedicated data collection campaigns

were conducted on three vessels: Istros, Mare Nigrum

and Catuneanu.

The vessels navigated on the Danube, in the Black Sea

and in the Aegean Sea.

The following table contains the list of ports visited by

each vessel during the data collection campaigns in

MARGOT.

Port Country Vessel
Drobeta ƝTurnu Severin Romania Istros

Giurgiu Romania Istros

Braila Romania Istros

Galati Romania Istros

Tulcea Romania Istros

Cernavoda Romania Istros

Medgidia Romania Istros

Constanta Romania

Istros

Mare Nigrum

Catuneanu

Port of Souda Crete (Grece) Catuneanu



23Data collection activities ƝIstros campaigns

Istros is a vessel for fluvial and coastal research. It is 32 m long, 6.9 m wide, has a draft of 1.25 m and 125 t displacement. It t ook 

part in two data collection campaigns. 

Preliminary campaign

Period: April 26thƝMay 2nd 2018

Navigation types: fluvial and port navigation on the Danube 

River

Collected data: 144 hours

Second campaign

Period: May 13th ƝJune 3rd 2018

Navigation types: fluvial navigation on the Danube river, 

coastal navigation in the Black Sea, port navigation

Collected data: 507 hours



24Data collection activities ƝIstros antenna setup

The heights of the antennas with respect to the sea level are:

Å Choke Ring Ɲ4.06 m

Å PolaNt-x MF (Ant. 1) Ɲ4.67 m

Å PolaNt-x MF (Ant. 2) Ɲ4.67 m

The distances between the antennas are 2 m.

The two PolaNt-x MF antennas and the Choke Ring antenna are positioned towards the direction of travel of the ship.

Choke 
Ring

PolaNt-x 
MF

(Ant. 1)

PolaNt-x 
MF

(Ant. 2)



25Data collection activities ƝMare Nigrum campaigns

Mare Nigrum is an oceanographic multidisciplinary research vessel with a length of 82 m, 5 m draught and 3200 t displacement. The

vessel executed 10 data collection campaigns, starting from June 4th until November 27th 2018, with a total number of 1666 hours of

data collected. The campaigns were survey missions in the Black Sea, including coastal navigation, open sea navigation and port

navigation. Pseudo-static measurements were collected when Mare Nigrum was docked in the Port of Constanta, as the equipment

was functional until December 2018.

Path of Mare Nigrum from a data 

collection campaign between 19 thƝ25th

of July 2018



26Data collection activities ƝMare Nigrum antenna setup

The heights of the antennas with respect to the water surface 

are:

PolaNt-x MF (left) Ɲ13.85 m, Choke Ring (middle) Ɲ13.85 m, 

PolaNt-x MF (right) Ɲ13.85 m

The heights of the antennas with respect to the water 

surface are:

PolaNt-x MF (left) Ɲ13.85 m, Choke Ring (middle) Ɲ13.85 

m, PolaNt-x MF (right) Ɲ14.45 m

The best location identified for antenna placement was the bridge 
between the two chimneys, placed in the center -stern area of the 
ship. 

Antenna configuration 1 (June 4thƝOctober 24 th)

Antenna configuration 2 (October 25 th ƝDecember 7th)

The distances between the antennas are: a = b = 2 m



27Data collection activities ƝCatuneanu campaigns

Cpt. Cdor Alexandru Catuneanu is part of the fleet of the Romanian Maritime Hydrographic Directorate. It has a length of 64.7 m, 5.5

m draught and 2665 t displacement . The vessel performed 3 data collection campaigns, starting from March 10th until June 6th 2019.

First campaign (March 2019)

Å Black Sea and Aegean Sea, passing through Bosporus strait,

Sea of Marmara and Dardanelles strait

Å Coastal navigation, open sea navigation, port navigation

Å 395 hours of data collected

Other campaigns (May and June 2019)

Å Coastal navigation in the Black Sea and port navigation in

the Port of Constanta

Å 136 hours of data collected

Pseudo-static data collected while docked in the Port of

Constanta



28Data collection activities ƝCatuneanu antenna setup

The best location identified for the placement of the antennas was the lighting mast from the bow.

The heights of the antennas with respect to the water 

surface are:

Å PolaNt-x MF (left) Ɲ18.66 m

Å PolaNt-x MF (middle) Ɲ18 m

Å Choke Ring (right) Ɲ18 m

The distances between 

the antennas are:

a = 1.12 m

b = 1.02 m



29Data collection activities Ɲsummary of collected data

Description Size

Data from Septentrio GNSS receivers 9.2 TB

Data from Septentrio GNSS receivers (compressed) 1.3 TB

IMU data 160 GB

Data in RINEX format 600 GB

USRP Recordings 8.1 TB

Unusable USRP Recordings 800 GB

Data filtered for analysis 402 GB

Analysis data 68 GB

Old or other files 1.5 TB

Total Over 22 TB

Gross approximation of data size. Actual data size may differ.



30

Data processing activities



31Multipath error characterization Ɲmethodology for data processing

Pre-processing

ÅObtain estimated 
pseudoranges, information on 

cycle slips, elevation and 
azimuth of the satellites

Estimate absolute 
multipath

Apply the Code-Minus-Carrier 
method for each receiver, each 

satellite and each epoch, 
considering GPS L1-L2, L1-L5 
and Galileo E1-E5a, E1-E5b, 

E1-E5

Estimate absolute 
multipath

Estimate multipath for ñrawò 
data and for 100 s smoothed 

data

Estimate standard 
deviation

Group multipath values in 1 
degree elevation bins and 

compute average, RMS and 
standard deviation (ůx) values

Data classification

Classify multipath data based 
on navigation type, vessel type, 

antenna type and location, 
antenna height, receiver type, 

sea state

Data classification

Classify multipath data in 
modelling data (80%) and 

verification data (20%), using 5 
minutes sets for port, and 1 

hour sets for other navigation 
types

Data correlation

Correlate the multipath 
samples to their corresponding 

classification category

Multipath modelling

Determine multipath over-
bounding error models for each 

classification, using the 
standard deviation for each 

satellite elevation bin



32Multipath error characterization Ɲmethodology for data processing

The use of the standard deviation as a measure of multipath characterization is confirmed by the Gaussian bell

shape of the multipath distribution, which was tested for each 5th elevation bin.

Multipath error distribution for 50 degrees elevation, for GPS L1(L5) and Galileo E1(E5a), using the coastal 

navigation data set



33Multipath error characterization Ɲmethodology for data processing

Ship specific multipath patterns can be estimated from static measurements, collected when the ship is attached to a pier. For these

measurements, absolute values for multipath are computed as a function of ƕnormalizedazimuthƖ. The heading of the vessel is

shifted to be in the ƕzeroƖdirection and the satellite azimuth is modified to correspond to this convention. This approach allows an

observer to identify where the satellites were in relation to the ship.

Multipath error distribution on ship dependent azimuth, for Galileo E1 -E5, using the Mare Nigrum coastal 

navigation data set, containing the multipath values corresponding to 40 Ɲ50 degrees elevation

Multipath error in meters

Number of samples in each 1-degree 

azimuth bin, divided by 5000



34Multipath error characterization Ɲdata classification

Multipath errors by navigation type

Å Analyzed data: data collected with all three vessels, from the

PolaNt-x MF antenna connected as main on one of the AsteRx-

U receivers.

Multipath errors by vessel type

Å Analyzed data: data collected separately with each vessel, for

coastal and port navigation, from the PolaNt-x MF antenna

connected as main on one of the AsteRx-U receivers

Navigation type Delimiters
Total amount of data 

[hours]

Inland waterways
Any fluvial water open for 

navigation
145

Port navigation Operations in the port area 588

Port approach
Transition between coastal 

and port navigation
64

Coastal navigation Within 50 NM from shore 1473

Open sea More than 50 NM from land 575

Å The multipath errors for coastal navigation and open sea are

very similar, for both smoothed and raw data.

Å The inland waterways data has smaller multipath errors, due to

the cleaner antenna environment from Istros.

Å The multipath values from port are with 10-15 cm larger than

the values from the other navigation types.

Vessel Navigation type
Total amount of data 

[hours]

Istros
Coastal 95

Port 351

Mare Nigrum
Coastal 967

Port 115

Catuneanu
Coastal 413

Port 94

Å The multipath errors for Istros are lower than for

the other two vessels and the values for Mare

Nigrum are higher than the values for

Catuneanu.

Å The port multipath data is higher than the

coastal navigation data.



35Multipath error characterization Ɲdata classification

Multipath errors by antenna type and location

Å Analyzed data: data collected with Mare Nigrum between 12th Ɲ

18th of July 2018, during coastal navigation, containing 91

hours of data

Multipath errors by antenna height

Å The height of a PolaNt-x MF antenna was changed from 13.85

m to 14.45 m above sea level, during the campaigns with Mare

Nigrum.

Analysed scenario Antenna type Receiver type

Different antenna 

types connected to 

different (identical 

type) receivers

Choke Ring (main) AsteRx-U

PolaNt-x MF (main) AsteRx-U

Different antenna 

types connected to 

the same receiver

Choke Ring (main) AsteRx-U

PolaNt-x MF (aux) AsteRx-U

Same antenna 

type, but different 

location

PolaNt-x MF (main) AsteRx-U

PolaNt-x MF (aux) AsteRx-U

Å The multipath errors for the Choke Ring antenna are lower than

for the PolaNt-x MF antenna.

Å The two PolaNt-x MF antennas located at a distance of 4 m

experienced very similar multipath.

Antenna height Navigation type
Total amount of data 

[hours]

13.85 m
Coastal 773

Port 387

14.45 m
Coastal 194

Port 454

Å The placement of the antenna with 0.6 m higher reduced

the multipath errors for coastal navigation with

approximately 20 cm.

Å In port, the height of the antenna seems to have almost no

effect on the multipath error.



36Multipath error characterization Ɲdata classification

Multipath errors by receiver type

Å Analyzed data: data collected with Catuneanu between 21st Ɲ

25th of March 2019, during coastal navigation, containing 103

hours of data

Å Receiver types: an AsteRx-U receiver and an AsteRx-m2

receiver connected to the same PolaNt-x MF antenna

Å The two receivers have similar multipath behavior for all

frequencies and for both raw and smoothed data.

Multipath errors by sea state

Å The sea state is defined by designing a ship movement scale

based on the re-interpretation of the Beaufort scale.

Å Analyzed data: data collected with Mare Nigrum and

Catuneanu, from the PolaNt-x MF antenna connected as main

on one of the AsteRx-U receivers.

Beaufort interval Vessel
Total amount of data 

[hours]

Lower than 3

Mare Nigrum 502

Catuneanu 117.5

Mare Nigrum & Catuneanu 619.5

Between 3 and 6

Mare Nigrum 193.8

Catuneanu 98

Mare Nigrum & Catuneanu 291.8

Greater than 6

Mare Nigrum 26

Catuneanu 34.5

Mare Nigrum & Catuneanu 60.5

Å It was observed that the multipath error decreases with the

increase of the Beaufort index.

Relation between the average ship movement and the Beaufort index
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Multipath over -bounding activities



38Multipath over -bounding error models - methodology

Input data

Load multipath files 
resulted from data 

correlation.

Pre-processing

Split data by category, 
frequency and elevation.

Data filtering

Filter data for unrealistic
values and undefined 
values of multipath.

Over-bounding 
parameters

Define the number of bins 
and desired over-bounding 
precision (99.99% chosen).

Over-bounding process

Compute sigma and mean 
values for each frequency 

and elevation degree.

Over-bounding process

Compute exponential fit as 
a function of elevation for 
each frequency and select 

the desired number of 
outliers for model definition. 

Plotting results

Plot sigma and mean 
values and multipath model 

obtained for each 
frequency and category.  

ὥɇὩ ὧ



39Multipath over -bounding error models Ɲport navigation

ὥɇὩ ὧ



40Multipath over -bounding error models Ɲnavigation type



41Multipath over -bounding error models Ɲvessel type



42Multipath over -bounding error models Ɲreceiver type



43Multipath over -bounding error models Ɲantenna type and location



44Multipath over -bounding error models Ɲantenna height



45Multipath over -bounding error models Ɲsea state



46Multipath over -bounding error models Ɲsmoothing method



47Multipath over -bounding error models Ɲproposed models

Environment Frequency a b c

Port Navigation L1/E1 1.9 - 0.02 0.3

Port Navigation L5/E5ab 1.7 - 0.02 0.3

Open Nav. 
Clutt. Ant.

L1/E1 1.7 - 0.015 0.3

Open Nav. 
Clutt. Ant.

L5/E5ab 1.5 - 0.015 0.3

Open Nav. 
Open Ant.

L1/E1 0.8 - 0.02 0.15

Open Nav. 
Open Ant.

L5/E5ab 0.8 - 0.02 0.15

Environment Frequency a b c

Port Navigation L1/E1 1.6 - 0.025 0.4

Port Navigation L5/E5ab 1.7 - 0.03 0.2

Open Nav. 
Clutt. Ant.

L1/E1
1.5 - 0.02 0.15

Open Nav. 
Clutt. Ant.

L5/E5ab
1.3 - 0.025 0.15

Open Nav. 
Open Ant.

L1/E1
0.5 - 0.024 0.1

Open Nav. 
Open Ant.

L5/E5ab
0.4 - 0.02 0.2

Multipath models Ɲno smoothing Multipath models Ɲ100 s smoothing

ὥɇὩ ὧ
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Multipath characterization conclusions
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Å No difference between coastal navigation, open sea navigation and port approach

Å The antenna environment has the highest impact on multipath

Å Port environment, including berth area, has very similar multipath effects on all three types of 

ship

Å Traditional methods for reducing the impact of multipath, such as choke ring antennas and 

smoothing, may be used with very good results

Å Antenna height has a small impact

Å The receiver type doesnôt seem to have a significant impact

Å Sea state, wind and waves direction and ship velocity should be lumped together into a single 

ñship movementò parameter, that has, however, a small impact on multipath.

Å Multipath models for maritime should be determined rather for calm weather and low ship 

movement

Å Differences between GPS and Galileo are small from the point of view of multipath



50Multipath over -bounding error models Ɲvalidation data

1. Port navigation Ɲ20% of all data collected during port navigation = 117.6 hours

2. Cluttered antenna environment in open navigation Ɲ20% of all data collected during coastal

navigation, open sea navigation and port approach with Mare Nigrum and Catuneanu = 397.6

hours

3. Open antenna environment in open navigation Ɲ20% of all data collected during coastal

navigation, fluvial navigation and port approach with Istros = 54.2 hours

The chosen frequencies are L1/E1 and L5/E5, disregarding the constellation differences.



51Multipath over -bounding error models Ɲvalidation Ɲport navigation



52Multipath over -bounding error models Ɲvalidation Ɲcluttered antenna



53Multipath over -bounding error models Ɲvalidation Ɲopen antenna
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Classification

Interference
Overview

Radio Frequency Interferences (RFI) are 
signals broadcasted in bands that can 
interrupt or disturb the GNSS signal.

Unintentional

ÅUnappropriate antenna siting

ÅMalfunction of other equipment
Intentional

ÅJamming

ÅSpoofing

Interferer Frequencies (MHz)

GNSS All GNSS spectrum

Pseudolites All GNSS spectrum

DME 960 -1164

TACAN 960 -1164

ADS 960 -1164

Link 16 960 -1164

RADAR 960 -1164 & 1215 -1240

Space borne sensors 1215 -1240

Amateur radio 1240 -1300

Mobile communications 1350 -1400

INMARSAT - C RX 1530 - 1545

Satellite communications 1535 -1559

Mobile Satellite Service 1610 -1660 .5

INMARSAT - C TX 1626 .5 - 1645 .5

Usual unintentional interference sources
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Overview

Interference
Regulations

SOLAS Ch.V , Regulation 19.2.1.6
IALA Recommendation R -129 

Global positioning system (GPS) equipment:
IMO Resolutions A.694(17), A.819(19), IMO 
Resolution MSC.112(73);
IEC standards IEC 61108 -1, IEC 61162, and IEC 60945.

Global navigational satellite system (GLONASS) equipment:
IMO Resolutions A.694(17), MSC.53(66);
IEC Standards IEC 60945, IEC 61108 -2, IEC 61162.

Differential global position system (DGPS) equipment:
IMO Resolutions A.694(17), MSC.64(67) Annex 2; 
IEC Standards IEC 60945, IEC 61162, IEC 61108 -4.

Differential global navigation satellite system (DGLONASS) equipment:
IMO Resolutions A.694(17), MSC.64(67) Annex 2;
IEC Standards IEC 60945, IEC 61108 -4, IEC 61162.

Combined global position system and global navigation satellite system. 
(GPS/GLONASS) receiver equipment:

IMO Resolutions A.694(17), MSC.74(69) Annex 1;
IEC standards IEC 60945, IEC 61162.

D/GNSS Plotter
IMO MSC. 112 (73), IMO MSC. 114 (73);
IEC 61108 -1 and IEC 61108 -4.

AIS
IMO MSC 74 (69) Circ.227 GUIDELINES FOR THE INSTALLATION 
OF A SHIPBORNE AUTOMATIC IDENTIFICATION SYSTEM (AIS).

GALILEO ?
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Real - time interference detector

Interference
Equipment

srx - 10i

ÅStart frequency , End frequency , Spectral
resolution

ÅPSD for each frequency

ÅCentral frequency of the peak

ÅPower of the peak

ÅBandwidth of the peak

ÅTotal interference power

srx - 10i GNSS interference detector
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Campaigns overview

Interference
Error Characterization 

Threshold: - 150 dBW

Interference signals have 
been identified during the 
MARGOT trials regardless of 
the operation type and/or 
environment.

Campaign Vessel Freq.

Data volume 

(no. of 

records)

Maximum Mean Most frequent 

PSD dBW/Hz Power dBW PSD dBW/Hz Power dBW PSD dBW/Hz Power dBW

26/04/2018 ï

02/05/2018
Istros N/A N/A N/A N/A N/A

13/05/2018 ï
03/06/2018

Istros
L1/E1 548 -118.9 -117.7 -130.0 -119.9 -129.9 -119.9

L5/E5a 267 -108.2 -87.7 -129.2 -112.9 -129.6 -117.0

04/06/2018 ï
08/06/2018

Mare 
Nigrum

L1/E1 920 -110.7 -112.7 -129.5 -119.2 -129.3 -119.3

L5/E5a 228 -105.3 -107.2 -129.0 -117.3 -128.7 -119.8

12/07/2018 ï
16/0 7/2018

Mare 
Nigrum

L1/E1 272 -113.2 -113.8 -130.4 -120.0 -130.5 -120.1

L5/E5a 2093 -102.8 -94.0 -129.4 -116.1 -129.3 -120.3

19/07/2018 ï
25/07/2018

Mare 
Nigrum

L1/E1 61 -113.8 -110.8 -130.6 -119.6 -130.5 -120.2

L5/E5a 411 -105.1 -87.7 -128.8 -114.8 -129.3 -120.7

27/07/2018 ï
05/08/2018

Mare 
Nigrum

L1/E1 1 -121.5 -120.7 -130.5 -120.7 -130.6 -120.7

L5/E5a 0 - - - - - -

07/08/2018 ï
14/08/2018

Mare 
Nigrum

L1/E1 51 -116.4 -116.4 -131.2 -120.4 -131.2 -120.5

L5/E5a 208 -117.9 -100.8 -128.3 -118.7 -128.1 -119.4

16/08/2018 ï
27/08/2018

Mare 
Nigrum

L1/E1 2329 116.3 -111.0 -130.8 -118.8 -131.0 -118.3

L5/E5a 4239 -94.3 -82.9 -128.0 -117.5 -127.4 -118.9

03/09/2018 ï
14/09/2018

Mare 
Nigrum

L1/E1 204 -110.4 -115.7 -131.3 -118.0 -131.3 -116.3

L5/E5a 463 -98.2 -80.1 -128.8 -117.5 -128.8 -120.0

17/09/2018 ï
20/09/2018

Mare 
Nigrum

L1/E1 99 -100.8 -105.9 -131.2 -117.1 -131.3 -120.6

L5/E5a 110 -117.1 -100.9 -129.0 -118.0 -128.8 -119.9

05/11/2018 ï
10/11/2018

Mare 
Nigrum

L1/E1 0 - - - - - -

L5/E5a 197 -112.2 -92.3 -128.5 -118.2 -128.3 -119.6

13/11/2018 ï
27/11/2018

Mare 
Nigrum

L1/E1 894 -101.9 -102.7 -131.3 -119.9 -131.3 -121.4

L5/E5a 3144 -103.4 -95.0 -128.6 -115.9 -128.3 -120.0
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Campaigns overview

Interference
Error Characterization 

Threshold: - 150 dBW

Interference signals have 
been identified during the 
MARGOT trials regardless of 
the operation type and/or 
environment.

Frequency Maximum 

PSD Peak

Minimum PSD 

Peak

Mean PSD 

Peak 

L1 /E 1 -100 .8

dBW/Hz

-121 .5

dBW/Hz

-111 .6

dBW/Hz

L5 /E 5 a -94 .3 dBW/Hz -117 .9

dBW/Hz

-106 .5

dBW/Hz

L1 /E 1 + L5 /E 5 a -94 .3 dBW/Hz -121 .5

dBW/Hz

-109 .0

dBW/Hz

Frequency Maximum 

Power Peak

Minimum 

Power Peak

Mean Power 

Peak

L1 /E 1 -102 .7 dBW -120 .7 dBW -112 .7 dBW

L5 /E 5 a -80 .1 dBW -107 .2 dBW -92 .9 dBW

L1 /E 1 + L5 /E 5 a -80 .1 dBW -120 .7 dBW -102 .8 dBW
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Campaigns overview

Interference
Error Characterization 

Error values statistical indicators

The maximum error values can be considered as 
outliers considering the statistical indicators. 

Navigation type Vessel Maximum

value

[m]

Minimum

value [m]

Mean

value [m]

Median

value [m]

Most

freq .

value [m]

Variance

[m]

Standard

deviation

[m]

Inland Water Ways Istros 2.94 0.02 0.48 0.43 0.01 0.10 0.32

Open Sea Mare Nigrum 4.35 0.01 0.57 0.49 0.01 0.15 0.38

Coastal Navigation Istros | Mare

Nigrum
9.38 0.01 0.59 0.51 0.01 0.17 0.41

Port Approach Istros | Mare

Nigrum
9.38 0.01 0.51 0.45 0.01 0.13 0.35

Port Istros | Mare

Nigrum
22 .75 0.01 0.51 0.45 0.01 0.13 0.35
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Campaigns - Istros 13/05/2018 ï03/06/2018

Interference
Error Characterization 
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Campaigns - Mare Nigrum 04/06/2018 ï08/06/2018

Interference
Error Characterization 


