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Executive Summary 

A sea trial was carried out at the Northern Lighthouse Board (NLB) base in Oban, Scotland between 
the 30th October and 10th November 2006. The main objective of the trial was to assess the level of 
interference caused to maritime radars from a range of typical communications systems, taking 
account of the propagation and scattering effects of paths over water. The measurements were made at 
two locations, a harbour location and a coastal location. It should be noted that land-based radars for 
monitoring port traffic were not considered in this study. 

The International Maritime Organisation (IMO – a UN Agency), through the Safety of Life at Sea 
Convention (SOLAS), requires the carriage of radar by ships, to enhance safety at sea. There is no 
alternative to radar available or foreseen and it is essential that maritime radar continues to operate in 
an International environment. Radar systems are designed to operate within a noise environment that 
is increasing. Attempts by Administrations to introduce other systems into the same or adjacent radio 
frequency spectrum need to ensure that the noise environment does not increase to levels that decrease 
the safety levels current (and becoming more stringent) under the operational requirements of the 
IMO. 

There were a number of limitations to the trial due to time and resources available which are stated 
here to ensure that the results presented here are taken correctly in context:  

·  The trial only considered land-based interference sources. Only interference into the main 
lobe of the radar was measured, although it is recognised that interference into side-lobes is 
another issue that needs consideration. 

·  Radars used – only one sample of an S and X band radar from one manufacturer was used. 
Other radars could have different characteristics including those that are not explicitly 
specified in IMO performance standards, e.g. pulse width, receiver bandwidth etc; 

·  Radar operators – two qualified ship radar operators provided by the MCA undertook the 
radar observations, with some assistance from the ship’s officers; 

·  Reference targets – a great deal of effort was expended in selecting and testing different 
targets. However, the targets used were not an exhaustive selection of all the potential worst-
case targets. The worst-case target tested was a dinghy but this was only tested unmanned, 
and the effect of a manned dinghy needs also to be considered. There may also be other 
targets which are higher above sea-level such as stick markers which may give different 
effects, for example.  

·  Radar settings – the radar settings were based on the views from the small sample of mariners 
available. There were different views on many of the variables e.g. target trails, auto-
acquisition, interference suppression etc. However, the work has helped move in the direction 
of determining practical worst-case settings; 
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·  The scenarios were limited to the harbour and coastal areas, although it was agreed that the 
sea conditions in the harbour area were similar to those for river areas. The use of S-band 
radars in inland waterways will be very limited; 

·  Environmental conditions – although a range of conditions were tested it was not exhaustive, 
and the amount of data gathered was limited for some of the conditions tested; 

·  Interference sources – only 1 sample used at a time and therefore there was no aggregation of 
multiple devices; 

The trials have provided the following information: 

·  The trials provide data on some radar parameter variations, contributing to the discussion on 
parameters and test methodology 

·  A realistic set of operational targets were defined and used. 

·  There was evidence indicating that targets having a lower Pd in the absence of interference 
are affected by a lower interference power. 

·  Measurements showed a correlation between an increase in the ship radar to target distance 
and the resulting decrease in the Pd value. 

·  The worst-case ship radar to target distance, for the smallest target (the dinghy) from these 
results appears to be about 180m to 400m. 

·  The S-band results indicate that the lowest EIRP that caused a noticeable effect on targets was 
about -39 dBm/MHz.  

·  The X-band results indicate that the lowest EIRP that caused a noticeable effect on targets 
was about -32 dBm/MHz.  

·  Multi-path effects were observed at distances up to a few hundred metres from the 
interference source. Beyond about 400/500m it was observed that there was much less of a 
multi-path effect. However, the results were taken over a range of distances which would 
overcome multi-path to some extent, but a larger sample of measurements would be needed to 
get conclusive results. 

·  Evidence was obtained of a decrease in the target Pd with increasing interference bandwidth. 

·  Evidence was obtained of an increase in the target Pd with increasing frequency offset of the 
interference source. 
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·  A range of modulation schemes were used including UWB, 3G, WiMax, GSM, 802.11b/g. 
UWB was similar to the reference AWGN source. The other sources had lower bandwidths 
and tended to have less of an effect than UWB. 

The caveats listed above consist of some of the factors that will need to be taken into consideration 
before any agreement can be reached on practical sharing in maritime radar frequency bands. This 
impacts on protection criteria studies, safety margins and future trials.
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1. Introduction 

Ofcom, acting through the Public Spectrum Safety Test Group (PSSTG), commissioned a feasibility 
trial in July 2006 to determine whether practicable measurements can be undertaken at sea to 
characterise the effects of UWB interference on radars operating in a maritime environment. These 
initial trials were undertaken at the Shoeburyness test site in Essex with the radars installed on the 
roof of the test site and the UWB source operated from a coastguard vessel at sea. A number of radar 
reflectors, acting as targets, were deployed at various distances from the coast in line with the 
interferer and radar and the effect on the targets was monitored as the interference level was 
increased. The feasibility trial proved that reliable results can be obtained provided the targets and 
interference source can be correctly positioned and calibrated (in terms of Probability of detection 
(Pd)). However, due to a number of limitations at the Shoeburyness test site it was only possible to get 
indicative results for the S-band radar. 

A further trial was commissioned to carry out additional measurements on maritime radars at the 
Northern Lighthouse Board (NLB) base in Oban, Scotland between the 30th October and 10th 
November 2006, taking into account the lessons learnt from the feasibility study. 

The main objective of the trial was to assess the level of interference caused to maritime radars from a 
range of typical communications systems, taking account of the propagation and scattering effects of 
paths over water. 

The radars comprised International Maritime Organisation (IMO) mandatory fit radars operating in 
both S-band (2.9 – 3.1 GHz) and X-band (9.3 – 9.5 GHz) frequencies. The radars were operated from 
a NLB vessel which was positioned at two locations: 

·  Coastal Water 

·  Harbour (which also was seen as similar to a river scenario) 

A number of different radar targets, ship and target locations, and different interference sources were 
used as described below.  

The International Maritime Organisation (IMO – a UN Agency), through the Safety of Life at Sea 
Convention (SOLAS), requires the carriage of radar by ships, to enhance safety at sea. There is no 
alternative to radar available or foreseen and it is essential that maritime radar continues to operate in 
an International environment. Radar systems are designed to operate within a noise environment that 
is increasing. Attempts by Administrations to introduce other systems into the same or adjacent radio 
frequency spectrum need to ensure that the noise environment does not increase to levels that decrease 
the safety levels current (and becoming more stringent) under the operational requirements of the 
IMO. 
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1.1 Aims of Trial 

Maritime radar has a different set of criteria to aeronautical radar, as the radars are viewing targets at 
low elevation angles with propagation over changing sea conditions. In addition, the types of radar 
used and the resulting bandwidths and processing will be different. 

The aim of this work was to provide more information on real sea trials for one S-band and one X-
band radar from one manufacturer. More specifically, to contribute to the debate on criteria setting, 
targets and test methodology. A range of communication bandwidths and modulations were used to 
give indicative information about how the radar responds to these differences, for example to indicate 
whether the most important factor is the total interference power in the radar bandwidth. Information 
was also obtained on propagation and multi-path.  

1.2 Limitations of the Trial 

There were a number of limitations to the trial due to the time and resources available. It is important 
to note these so that the information gained is correctly put into context. The main limitations of the 
trial are listed below: 

·  The trial only considered land-based interference sources. 

·  Radars used – only one sample of an S and X band radar from one manufacturer was used. 
Other radars could have radar characteristics that are not explicitly specified in IMO 
performance standards, e.g. pulse width, receiver bandwidth etc; 

·  Radar operators – a sample of 2 operators provided by the MCA was used, with some 
assistance from the ship’s officers; 

·  Reference targets – a great deal of effort was expended in selecting and testing different 
targets. However, the targets used were not an exhaustive selection of all the potential worst-
case targets. For example, the worst-case target tested was a dinghy but this was only tested 
unmanned, and the effect of a manned dinghy needs also to be considered. In addition, there 
may be other targets which are higher above sea-level such as stick markers which may give 
different effects, for example.  

·  Radar settings – the radar settings were based on the views from the small sample of mariners 
available. There were different views on many of the variables e.g. target trails, auto-
acquisition, interference suppression etc. However, the work has helped move in the direction 
of determining practical worst-case settings; 

·  The scenarios were limited to the harbour and coastal areas, although it was agreed that the 
sea conditions in the harbour area were similar to those for river areas. The use of S-band 
radars in inland waterways will be very limited; 
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·  Environmental conditions – although a range of conditions were tested it was not exhaustive, 
and the amount of data gathered was limited for some of the conditions tested; 

·  Interference sources – only 1 sample used at a time and therefore there was no aggregation of 
multiple devices; 

The caveats listed consist of some of the factors that will need to be taken into consideration before 
any agreement can be reached on practical sharing in maritime radar frequency bands. This impacts 
on protection criteria studies, safety margins and future trials within OFCOM. 

1.3 Trials Location 

The trials were undertaken in Oban on the West Coast of Scotland, Figure 1. Three potential locations 
were identified around the Oban area, Figure 2, to represent the required scenarios of harbour, river 
and coastal areas. Coastal areas will tend to give rougher sea conditions and more sea clutter than 
harbour and river scenarios areas. The Quayside in Oban is utilised by a number of users including car 
ferries, yachts, RNLI as well as the Northern Lighthouse Board (NLB), as shown in Figure 3. 

 

Figure 1: Location of Oban Test Site 

 

Oban 
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Figure 2: Location of Measurement Sites 

 

Once some initial testing on targets had been carried out it was observed that the sea conditions for 
the harbour were very similar to those of the river area. This was supported by the experience of the 
NLB ship operators and the experienced radar operators and observers provided by the MCA. It was 
therefore decided that the harbour area would also represent the river scenario, and just two areas 
were used for the testing, the harbour area and the coastal. 

The harbour area is quite busy, with ferries operating approximately every hour, and a variety of 
fishing and leisure boats using the harbour. The harbour area is shown in Figure 4 below. 

River Scenario 

Port Scenario 

Coastal Scenario 
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Figure 3: Usage of Quays in Oban 

 

Figure 4: View from NLB quayside looking north. 

Northern 
Lighthouse 
Board (NLB) 

NLB 
Quayside 
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1.4 The NLB Ship and Radars 

The NLV Pole Star was made available for this trial. It is a 1174 tonne vessel equipped with IMO 
mandatory use radars, one operating at X-band and one at S-band. The Pole Star uses dynamic 
positioning (DP) allowing it to maintain an accurate position regardless of wind and tidal conditions. 
This is an important consideration when trying to maintain alignment between the radar, the targets 
and the interference source. 

The following information has been taken from the NLB web site1 

General Particulars 

·  Length O.A.  51.5m 

·  Beam   12.0m 

·  Draught  3.2m 

·  GRT   1174 

·  Service Speed  12Kts 

12 tonne crane 
200 square metre Buoy Working Deck 
Dynamic Positioning 
Diesel-electric power, through two azimuthing thrusters 
and two tunnel bow-thrusters 

The S-band radar operates at a frequency of 3.05 GHz, is horizontally polarised, and has an antenna 
gain of 27dBi. The X-band radar operates at a frequency of 9.41 GHz, is horizontally polarised, and 
has an antenna gain of 30dBi.  

1.5 Interference Sources 

A range of interference sources were used, consisting of signal generators and real devices where 
available. All of the interference sources were frequency converted as necessary to operate at the radar 
centre frequency or at frequency offsets. The signal generators allowed a wide range of potential 
bandsharing type modulation schemes, and bandwidths, to be used to characterise the radar 
interference power levels. The modulation schemes used include:  

·  AWGN (for reference) 

                                                      

1 http://www.nlb.org.uk/resources/mvpolestar.htm  
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·  MB-OFDM UWB sources 

o Signal generator source 

o Real UWB equipment transmitting various activity rates 

·  Communications signal generator sources: 

o GSM 

o 3G 

o 802.11.b / g 

o WiMax 

·  Communications Links 

o WiMax (802.16.d) 

It should be noted that the signal generators used to generate interference, are very representative of 
real devices and were configured so that they could actually be used as communications base-stations.  

1.6 Preliminary Criteria 

Preliminary bandsharing criteria were used for the trials as this is something that is still under 
development. The main parameters that were considered for the preliminary criteria were: 

·  Worst-case targets – a range of practical targets was used, which gave different non-
interference Pd levels with different weather conditions and distances. A non-manned rubber 
inflatable dinghy was used as the worst-case target.  

·   Radar settings – Discussions were carried out with the radar operators to try to determine the 
range over which the radar settings were varied due to different weather conditions and other 
factors, for the radars used. 

·  Worst-case scenarios - a number of different locations of target, interference sources and 
radars was used. An effort was made to determine the worst-case location of each of these. 

1.7 Previous Work in this Area 

There have been a number of studies made in this area, but all concentrate on conducted 
measurements, and do not involve a sea path between radar/interferer. 
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2. Test Configuration for Assessing Interference to  Radar 

There are a number of factors which were taken into consideration in determining the test 
methodology for these tests including: 

·  Radar performance criteria (Probability of detection) 

·  Radar configuration/settings 

·  Weather conditions 

·  Radar targets 

·  Test locations (for radar, targets and interference) 

·  Propagation effects 

·  Aggregate effects (there was not sufficient time to consider aggregate effects in these trials) 

These issues are discussed further below. It should be noted that this does not represent an exhaustive 
investigation of all parameters required for a complete assessment of the effects of interference to 
maritime radar. The aims of the testing were limited to providing indicative results on one S-band and 
one X-band radar, from a single manufacturer, using a range of targets available, and with limited 
testing time. However, the results obtained are seen as an important addition to the pool of 
information available in this area, and is significant in the fact that there were not previously available 
test results for radiated testing under realistic conditions, with the sea path between the interferer on 
the land and the radar at sea.  

2.1 Radar Performance Criteria 

Interference to radar is defined in many standards as the ratio of interference-to-noise (I/N) measured 
in the IF section of the radar. The location used for measuring I/N in different studies is not always 
the same, which can have an effect on the results, and it is suggested by some experts that the I/N 
measurement should ideally be made just before the detector. Values of between about -6 to -12 dB 
are usually quoted. However, there is some debate about how well this defines the actual radar 
performance. An alternative method is to measure the probability of detection (Pd) of defined 
reference targets on the radar PPI display. Ideally assessments of both I/N and Pd would have been 
made during these trials, but access to the IF section of the radar to perform I/N measurements was 
not available, so only Pd measurements were made. Since a Pd value is not directly available from the 
radar display, it must be subjectively assessed for visual degradation by viewing the radar plan 
position indicator (PPI). 

The Pd assessment was made by two experienced radar operators provided by the MCA, with one 
operator available in the first week and the other operator in the second week. The radar operators set 
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the radars up as they would normally, taking the environment and conditions into account, and 
adjusted the radar settings as required throughout the day. 

The Pd was mostly counted using a 2 minute period, which gave 56 consecutive counts. A longer 
count period would provide more accurate results but this was limited due to the number of 
measurements that were required in a relatively short space of time, and a 2 minute period was judged 
a suitable compromise.  

2.2 Radar Configuration and Settings 

As mentioned above, the Pd assessment was made by two experienced radar operators provided by 
the MCA. The radar operators set the radars up as they would normally, taking the environment and 
conditions into account, and adjusted the radar settings as required throughout the day. The variation 
in the radar settings was observed, both between the different users and with different weather 
conditions. The main radar controls that were adjusted were the threshold (often marked as “gain” on 
the radar) and the sea clutter threshold. There was very little rain over the two weeks and the rain 
clutter control was usually set to zero. On the radars used, the controls only give an indication of 
relatively how low or high they are set. An example is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Radar threshold (gain) and sea clutter settings, viewed on the radar screen. 
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These settings do not relate to the actual threshold levels in a linear way, and the relationship is in fact 
more of a log variation. However, it is worth noting that for these radars and under the weather 
conditions experienced (from very calm to about 40 knots), the variation in threshold and sea-clutter 
did not vary over the whole scale. This is worth noting, as the variations in these radar settings can 
have a significant effect on the results. The variations noted, represented simply as the linear variation 
observed in the PPI display, were: 

·  S-band: Threshold (“gain” control) of between 25% and 50%; Sea-clutter of between 15% 
and 35% 

·  X-band: Threshold (“gain” control) of between 30% and 60%; Sea-clutter of between 15% 
and 40% 

It was observed that the X-band threshold level always tended to be operated at a higher level than for 
the S-band radar. An example of how the radar threshold levels affected the interference levels 
required is discussed in Section  3.4. 

Evidence from the trials appeared to indicate that the worst-case radar settings may be the lowest 
“gain” setting (which corresponds with the highest threshold setting), combined with the highest sea 
clutter setting (which corresponds with the highest threshold setting closer to the radar), although this 
has not fully been investigated. 

It should be noted that choice of settings and the reasoning behind them is largely based on experience 
and instinct gathered over many years of practice, and it was therefore difficult to reduce this 
reasoning to a simple set of rules. As a very general statement, the radar settings are a balance 
between the visual data gathered by the radar operator and what is seen on the radar. In addition, there 
is a balance between setting the radar to give optimal target responses for a number of targets that are 
observed, and maintaining a general radar view that does not suffer from too much clutter. Radar 
parameters are refined on a regular basis as conditions and surroundings change. It is important to 
repeat here that the radar settings are dependent on the actual user and there will be variations 
between different users. It is therefore not possible to have a single set of radar settings for a given 
scenario that are “correct”. However, it was seen as possible to obtain a range over which the radar 
settings tend to vary for given conditions, and for a given radar, and this provided the tests with a 
base-line based on experienced radar users. 

The S-band radar was operated without “trails” added. The trails maintain a level of persistence of 
previous images so that the observer can watch the general progress of a target with time. However, 
the X-band radar was operated with “trails” on. It is thought that the use of trails could tend to 
increase the probability of detection count as this may provide the observer with additional help on 
where to expect to see the target. The majority of the results were taken on the S-band radar, and it 
was the opinion of the radar operator performing the X-band target Pd counts that the effect of the 
trails on his count were minimal. 
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Both the S-band and the X-band radars were operated in short-pulse mode, with interference rejection 
on. The radar range scale used for the majority of the assessments was the 0.25 nm setting, offset to 
the maximum possible. However, a few assessments were made using the 0.5 nm setting. 

The majority of the measurements were made outside of the general sea clutter area and all were in 
the radar main horizontal beam. 

2.3 Variation in Sea Conditions: Harbour, River and  Costal Areas 

The harbour and river areas were determined to have similar conditions and therefore testing was just 
carried out in the harbour and coastal areas. The weather conditions experienced were relatively mild 
for the time of year. During the harbour testing, the weather varied from being very calm (about 4 
knots of wind) to being quite rough on just one day (about 45 knots of wind). However, throughout 
most of the testing in the harbour the conditions varied between calm (about 10 knots of wind) and 
moderate (about 20 knots of wind). During the coastal testing, the weather varied from being calm 
(about 10 knots of wind) to being moderate (about 25 knots of wind). 

2.4 Range of Targets used for Testing 

The range of targets used for the testing are listed below: 

·  Large Buoy (85 cm diameter) 

·  Small dinghy (unmanned) 

·  Small NLB rib 

·  Medium NLB rib 

·  Large MCA rib 

These represented a range of target radar cross-sections. The aim was to use the smallest practical and 
realistic targets that a radar user might have to detect under different weather conditions. As the 
weather tends to deteriorate, it becomes more likely that the Pd of a target will tend to reduce, 
particularly for weaker target returns. Additionally, as the radar-to-target distance increases, the radar 
return signal tends to reduce and again this will tend to reduce the Pd of each target, although this is 
complicated by multipath effects. Additional factors affecting the target Pd include the radar gain, sea 
clutter and rain settings. Also, if the targets are too near to the radar then the targets will tend to move 
out of the radar main beam. The minimum radar elevation beamwidth (at the -3dB points) is specified 
by the IEC to be 20 degrees, which would correspond to a target distance of about 80m. Therefore, 
different targets were used for different scenarios and different weather conditions. Figure 6 shows 
qualitatively how the targets used changed with the distance. 
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Figure 6: How usage of targets changed with weather conditions and distances. 

A great deal of effort was expended in selecting and testing different targets. However, the targets 
used were not an exhaustive selection of all the potential worst-case targets. For example, the worst-
case target tested was a dinghy but this was only tested unmanned, and the effect of a manned dinghy 
needs also to be considered. In addition, there may be other targets which are higher above sea-level 
such as stick markers which may give different effects, for example.  

The targets used in this trial are shown in Figure 7. 
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Figure 7: Photographs of the various targets used. 
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Other targets of opportunity were considered as comparisons to this set of targets. In one instance, a 
kayak sailed quite close to the small dinghy, Figure 8. It was side-on for most of the time and the 
kayak gave a target reflection that was at least as high as the dinghy. 

 

Figure 8: Target of opportunity, a kayak. 
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2.5 Location of Targets, Interference Source and Sh ip Radar 

A simple diagram of the test set-up is shown in Figure 9. The interference sources were operated from 
a Landrover on the NLB quayside which has a pump-up mast to allow different transmit heights. The 
Landrover, as viewed from the ship is shown in Figure 10.  

 

 

Figure 9: Simplified test set-up  

An example of the lining up of the ship, the targets and the interference source is shown in Figure 11 
for the coastal scenario. The resulting image on the S-band radar is shown in Figure 12, which shows 
a very good alignment, which was largely due to the dynamic stability of the NLV Polestar.  

Interference 
sources 

·  Measure throughput/BERR 

·  Monitor field strength from radar 

Vessel 

Target Radar 

Sea 

·  Measure Pd 

·  Monitor field strength from comms 

·  Range of target sizes 

·  Range of distances 

Land 



 
ERA Report 2006-0683 

 

�  © ERA Technology Ltd�

 

26 

 

Figure 10: Landrover with pump-up mast on the quayside, for transmitting interference. 

 

Figure 11: Example of lining up of the ship, targets and interference source at the coastal 
location. 
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Figure 12: Example of lining up of the ship, targets and interference source at the coastal 
location, viewed on the S-band radar. 

 

In the harbour area, most of the measurements were taken with the Pole Star at one of three locations 
as shown in Figure 13, at distances from the NLB quayside of 900m, 640m and 330m. The Pole Star 
and the radar targets had to be placed in restricted areas away from busy traffic channels. 
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Figure 13: Potential target locations for the port scenario. 

The Pole Star location was displayed on the Electronic chart display on the bridge, and an example of 
the Pole Star location in the harbour 900m from the NLB Quay is shown in Figure 14. 
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Figure 14: Pole Star location in the harbour as seen on the Electronic chart display. 

For each of the Pole Star locations, there were a range of potential target locations. Figure 15 shows 
the location of the targets when the Pole Star was nearest to the quayside at a distance of 330m. 

 

Figure 15: Target location with Pole Star 330m from the NLB quayside. 
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Figure 16 shows the location of the targets when the Pole Star was at a distance of 640m from the 
quayside. 

 

Figure 16: Target location with Pole Star 640m from the NLB quayside. 

 

It was proposed that there may be an optimal location for the ship and the targets which give the 

worst-case situation. The target signal strength at the radar falls off at a rate of about r
4
 and the 

interference signal strength falls of at a rate of about d
2
, where r is the distance between the radar and 

the target and d is the distance between the radar and the interference source. For a fixed target 
location near to the land, as the ship moves further away from both the target and the interference 
source, then the target return signal at the radar falls off faster than the interference signal at the radar. 
In this case, as the ship gets further from the target and land then less interference is required to affect 
the target. At some point the target Pd will drop below 90% and if the ship is moved further from the 
land then the target must also be moved further from the land by the same amount in order to maintain 
the 90% Pd value. In this case, as the ship moves further away from land the signal return from the 
target at the radar will be maintained and the interference signal at the radar decreases. Therefore, this 
would lead to an optimal range over which to make the measurements, where the required interference 
EIRP on land is a minimum. This is shown pictorially in Figure 17. 

However, it should be noted that this is further complicated by multi-path propagation and will not be 
as simple as described above. However, the principles were useful for thinking through the various 
factors that might lead to a worst-case scenario. 
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Figure 17: Simple description of variations in radar return signal and interference at the radar, 
to aid the discussion of worst-case scenarios. 
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3. Results 

The results obtained give indications of a number of factors. These include the following: 

·  Difference between the S-band and X-band radar tested 

·  Typical non-interference Pd levels observed 

·  Different distance and conditions giving a different non-interference Pd. 

·  The Pds of different targets 

·  Difference between harbour and coastal conditions 

·  Demonstration  of worst-case positioning of the radar and targets 

·  Variation in Pd with the bandwidth of the interference source 

·  Modulation scheme of the interference source 

·  Example of frequency offset of interference source 

·  Variations with radar threshold and sea clutter settings. 
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3.1 Non-Interference Target Pd levels 

In the calm weather conditions experienced in the harbour area for most of the first week of the trial, 
the targets used for the measurements were the dinghy and the small NLB rib. The NLB rib was 
placed 50 m beyond the dinghy. 

The largest of the Buoys available, at about 1 m in diameter, did not give a good target return at a 
distance close to the Pole Star (130m to 180m), but not too close so as to be under the radar main 
beam. The sea clutter display indicator settings were kept on the low-side and the gain used was that 
considered typical. The buoys gave a weak Pd of about 30% and less. Small deteriorations in the 
weather conditions reduced the Pd levels further and it was decided after some considerable work and 
debate that the buoys were too small to be used as practical targets and that in practice a radar 
operator would not be expected or even able to detect them.  

The Pd of the dinghy in the coastal area varied between 45% and 70% for a range of different radar to 
target separations. In the harbour area, the Pd of the dinghy varied between 50% and 100%. 

The small NLB Pd varied between 60% and 100% in both the coastal and harbour areas. 

The MCA boat was used only in the coastal area and gave a Pd of 100%. 

The probability of detection for the dinghy is plotted against the ship radar to dinghy distance in 
Figure 18. The results are grouped into harbour and coastal results, and for the harbour they are again 
split into 30% threshold (gain) and 45% threshold (gain).  

It can be seen that for the harbour results with 45% threshold (gain) there is a fairly well defined trend 
between the Pd and the distance between the ship radar and the dinghy. One of the data points has 
been identified as having a 0% Pd due to rough sea conditions. For the lower threshold (gain) of 30% 
in the harbour, and for the results in the coastal area which used a threshold (gain) of 45%, the results 
are more variable, but they are either on this trend line or below it. An approximate curve has been 
added.  

For the harbour area with a threshold (gain) of 45%, the maximum distance that the dinghy can be 
from the ship radar whilst achieving a 90% Pd is about 350 to 400m. For the lower threshold (gain) 
value of 30% and for coastal conditions, a Pd of 90% can only be reached with distances less than 
about 180m, and probably as low as about 100m. 
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Figure 18: Maximum target distance for 90% Pd with dinghy as target. 
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3.2 Field Strength Measurements 

Field strength measurements were made of the radar and the communications equipment, with 
varying ship-to-interference distances. This was to get an indication of the propagation loss and 
additionally to ensure that the received field strengths at the radar or communications receiver were 
not in a deep null. 

The received field strength on the ship was measured with a horn antenna which was placed at the 
same height as the radar antennas, as shown in Figure 19. The radars were turned off during the 
measurements.    

 

Figure 19: Location of receiving horn antenna at the same height as the radars. 

The AWGN 80 MHz source was used as the transmit source to characterise the propagation from the 
communications equipment. It was observed that at distances up to a few hundred metres from the 
interference source, which was right on the edge of the harbour, the received field strength 
experienced a series of nulls with increasing transmit height. Figure 20 shows the received power on 
the ship with a transmit height varied from 5 to 10 m. This shows the null gradually moving from 
right to left on the spectrum analyser screen. Beyond about 400/500m it was observed that there was 
much less of a multi-path effect. These multi-path effects were quite variable and it was difficult to 
always ensure that there were no multi-path problems during each measurement. However, the results 
presented below were taken over a range of distances which would overcome multi-path to some 
extent, but a larger sample of measurements would be needed to get conclusive results.  
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Figure 20: Example of multi-path measured on ship from an 80 MHz AWGN source on land 
which was height scanned. 
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The field strength on the ship, from the AWGN source, was measured at several distances. The results 
are shown in Figure 21, and are plotted against a theoretical fall-off in field strength with both 1/d and 

1/d
2
.  
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Figure 21: Field strength of interference, measured on ship at different distances. 
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3.3 Results for AWGN Interference Source with 80 MH z Bandwidth 

The 80 MHz AWGN interference source was used as a reference source for the trial, as it is noise-like 
and has a bandwidth larger than the radar receiver bandwidth used with short pulse mode which is 
about 20 MHz. A summary of this set of measurements is shown in Table 1. It can be seen that the 
differences between each set of results include the following: 

·  Different ship radar to interference distances (from 280 to 900m) 

·  Different ship radar to target distances (from 185 to 720m for the dinghy) 

·  Different targets (dinghy, small NLB rib, MCA rib) 

·  Different threshold (gain) and sea clutter settings due to the two different expert radar 
operators 

·  Harbour and coastal environments 

·  Different weather conditions. 

In terms of the threshold (gain) settings, the first operator tended to use a threshold value of about 
30% and the second operator used about 45%. In terms of the sea clutter settings, the first operator 
tended to use a value of 15 to 20% and the second operator a value of 20 to 30%. 

The wind speed does not directly give an indication of how calm/rough the water is, as it depends on 
other factors such as the relative direction of the tidal flow and wind, but it is a rough indicator. 

Tables 1 and 2 give each test a reference number which is then used for comparison with the Pd graph 
figures. These are done separately for S-band radar in Table 1 and X-band radar in Table 2. 

Figure 22 shows the Pd plots for the S-band radar, using the dinghy as a target. Three groups of 
curves can be seen, which are identified on the graph by “1”, “2”, and “3”. Pd curve “1” was for a 
coastal condition where the non-interference Pd was low, and the resulting interference power 
required to affect the target is correspondingly low. The next group of Pd curves (“2”) have non-
interference Pds varying from about 65% to 85% and represented the majority of the tests. The next 
group of Pd curves (“3”) have non-interference Pd values of about 95 to 100%, resulting from small 
ship radar to interference source distances. The required interference power to cause the onset of 
interference for the dinghy varies between about -39 dBm/MHz and -20 dBm/MHz. 
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Table 1: Summary of AWGN 80 MHz results for S-band radar 

Interference Dinghy
Small 
NLB MCA Dinghy

Small 
NLB MCA

Target 
removed

Target not 
affected

Target 
removed

Target not 
affected

Target 
removed

Target not 
affected

1 Harbour 10 30% 15% 340 185 - - 65% - - -16 -36 - - - -

2 Harbour 10 30% 15% 340 185 - - 70% - - -11 -31 - - - -

3 Harbour 2 30% 15% 640 470 540 - 80% 100% - -11 -36 4 -16 - -

4 Harbour 8 30% 15% 640 470 540 - 50% 85% - -21 -36 -11 -31 - -

5 Harbour 14 45% 20% 640 470 540 - 60% 100% - -16 -31 -6 -26 - -

6 Harbour 14 45% 20% 900 720 800 - 5% 100% - - - -16 -36 - -

7 Harbour 20 40% 30% 620 426 482 - 0% 60% - - - -26 -37 - -

8 Coastal 14, Drizzle 45% 30% 660 500 550 - 65% 95% - -16 -34 -3 -37 - -

9 Coastal 10 45% 30% 855 296 444 685 45% 90% 100% -16 -39 -16 -37 -1 -21

10 Coastal 12 45% 30% 770 222 352 574 70% 95% 100% -9 -33 -6 -18 9 -6

11 Harbour 15, Drizzle 45% 30% 470 350 400 - 50% 100% - - - -6 -31 - -

12 Harbour 8 45% 30% 470 350 400 - 85% - - -21 -36 - - - -

13 Harbour 21, Rain 45% 25% 462 407 - - 90% - - -13 -34 - - - -

14 Harbour 21, Rain 45% 25% 315 260 - - 100% - - -4 -20 - - - -

15 Harbour 21, Rain 45% 25% 280 225 - - 100% - - -11 -26 - - - -

Ref

Non-interference PdDistance (m) from ship radar to:

Interference EIRP (dBm/MHz)

Location
Wind 

(knots)
Threshold 

(gain)
Sea 

clutter

Dinghy  Small NLB MCA

 

NB: Operator (1) was responsible for gathering the data on run references 1 to 6; operator (2) was responsible for gathering the data on run references 7 to 15. 
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Table 2: Summary of AWGN 80 MHz results for X-band radar 

 

Interference Dinghy
Small 
NLB MCA Dinghy

Small 
NLB MCA

Target 
removed

Target not 
affected

Target 
removed

Target not 
affected

Target 
removed

Target not 
affected

A Harbour 20 55% 30% 620 426 482 - 95% 95% - 7 -32 7 -32 - -

B Coastal
14, 
Drizzle 50% 20% 660 500 550 - 95% 100% - 10 -27 10 -22 - -

C Coastal 12 50% 20% 770 222 352 574 80% 100% - 4 -22 7 -17 - -

MCA
Interference EIRP (dBm/MHz)

Ref Location
Wind 

(knots)
Threshold 

(gain)
Sea 

clutter

Distance (m) from ship radar to: Non-interference Pd Dinghy  Small NLB

 

NB: Operator (2) was responsible for gathering the data on run references A, B and C. 
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Figure 22: S-band Pd results for dinghy (with reference to Table 1). 

 

The S-band Pd graph is shown in Figure 23 for the small NLB RIB target. The non-interference Pd 
level varied between 60% and 100% for the range of scenarios tested, and was mostly at 100%. The 
required interference power to cause the onset of interference varies between about -37 dBm/MHz and 
-16 dBm/MHz. 

The results for the X-band radar, with the dinghy and small NLB RIB targets, in the harbour and 
coastal conditions is, shown in Figure 24. The non-interference Pd level of the dinghy and the small 
NLB RIB was typically 80% to 100% for the range of scenarios tested. The required interference 
power to cause the onset of interference varies between about -32 dBm/MHz and -17 dBm/MHz.  
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Figure 23: S-band Pd Results for small NLB RIB (with reference to Table 1). 
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Figure 24: X-band Pd results for dinghy and small NLB RIB (with reference to Table 2). 
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3.4 Threshold (gain) setting 

The interference power required to affect the dinghy target with different threshold (gain) values is 
shown in Figure 25. It can be seen that, in general, an increase in the threshold (gain) setting requires 
an increase in the required EIRP level to cause the same effect on the targets. 
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Figure 25: The interference EIRP required to effect the targets with different threshold (gain) 
settings. 

 

3.5 Bandwidth Effects 

The effect of interference bandwidth was investigated. Figure 26 shows the Pd value for a range of 
bandwidths (80, 20, 5, 1 MHz) using an AWGN source. It can be seen that as the bandwidth of the 
interference reduces, and keeping the transmit EIRP (dBm/MHz) constant, the effect on the Pd 
increases as the bandwidth increases. There is a significant effect between a bandwidth of 1 MHz and 
20 MHz, and a much smaller effect between a bandwidth of 20 MHz and 80 MHz. The radar 
bandwidth is of the order of 20 MHz and most of the interference power should be captured within a 
bandwidth of about 20 MHz. It should be noted that this data is just one example using one radar and 
the results should not be taken as absolute. 
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Figure 26: Probability of detection versus interference source (AWGN) bandwidth. 

 

3.6 Frequency Offset Effects 

The effect of offsetting the interference centre frequency was tested using a 20 MHz bandwidth 
AWGN source. It should be noted that this data is just one example using one radar and should not be 
taken as absolute. The results are shown in Figure 27 which shows the frequency offset against the 
additional power required to remove the targets from the PPI display. 
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Figure 27: Frequency offset (AWGN 20 MHz interference source) versus the additional power 
required to remove the targets from the PPI display. 

3.7 Modulation Effects 

A range of different modulation schemes were used as interference sources. These included 3G, 
WiMax, UWB, 802.11b and 802.11g. The results were taken with the ship 640m from the 
interference, and 470m from the dinghy. The measurements were all made in the Harbour using the 
dinghy and the small NLB RIB as targets. The results are summarised in Table 3. 

The UWB source was set to have a 100% activity rate and gave very similar results to AWGN as was 
expected.  

The WiMax source used had a bandwidth of 28 MHz, using a BPSK modulation with a frame time of 
8 ns, with all of the frame time occupied (i.e. a 100% activity rate). The WiMax result was also quite 
similar to the AWGN result, but the interference power required was slightly higher for the small 
NLB RIB, although it should be noted that the threshold (gain) setting was higher for the WiMax test 
(45%) than for the AWGN and UWB tests (30%),  which  would result in higher levels of interference 
being required. 

The 3G, 802.11b and 802.11g results indicated that increased powers of 10 to 20 dB were required to 
cause the same effect on the targets. The non-interference Pd level for the 3G and 802.11b tests were 
slightly higher (100%/95%) than for the AWGN tests (80%/50%), but it is unlikely that the increased 
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power required is due to this. Indeed, the non-interference Pd level for 802.11g was 70%, similar to 
the AWGN tests, and the required interference power was even higher than for 3G or 802.11b.  

The 3G source bandwidth was about 5 MHz, the 802.11b bandwidth was 22 MHz, and the 802.11g 
bandwidth was X MHz. 
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Table 3: Summary of modulation results 

Interference Dinghy
Small 
NLB Dinghy

Small 
NLB

Target 
removed

Target not 
affected

Target 
removed

Target not 
affected

3 AWGN 2 30% 15% 640 470 540 80% 100% -11 -36 4 -16

4 AWGN 8 30% 15% 640 470 540 50% 85% -21 -36 -11 -31

16 UWB 100% 8 30% 15% 640 470 540 60% 100% -21 -36 -11 -31

11 3G 4 30% 15% 640 470 540 100% 100% -6 -21 9 -11

18 802.11b 4 30% 15% 640 470 540 95% 100% -11 -26 4 -11

19 802.11g 6 30% 15% 640 470 540 70% 100% -1 -16 19 -1

20 WiMax 4 45% 20% 640 470 540 90% 100% -21 -36 -11 -21

Interference EIRP (dBm/MHz)
Non-

interference Pd
Distance (m) from ship radar 

to:
Ref Mod

Wind 
(knots)

Threshold 
(gain)

Sea 
clutter

Dinghy  Small NLB

 

NB: Operator (1) was responsible for gathering the data on run references 3 and 4; operator (2) was responsible for gathering the data on run 
references 11 to 20. 
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It had been previously thought that interference sources with low activity rates might not affect a 
radar very much, due to the low probability of having the interference active at the same time as the 
radar is pointing at the interference. However, for the two interference sources that were tested with 
different activity rates (UWB and WiMax) it could be seen that this was not exactly the case. This was 
because of the length of the time frames of the communications systems compared to the radar 
antenna rotation rate and azimuthal angular resolution. 

An example of a WiMax source with 100%, 60% and 20% activity rates are shown in Figure 28. 

 

Figure 28: WiMax source showing activity rates and frame occupation. 

The WiMax frame length used for the testing was 8 ms. The effect on a radar target is shown in 
Figure 29. The WiMax frame length is less than the time taken for the radar to transverse the target 
and therefore more than one WiMax frame can be observed on the target. The effect of the decreasing 
activity rate can clearly be seen.  

An activity rate of less than 100% clearly splits the targets and, although the targets are visible, it is 
debatable how this effect on the target should be interpreted. Obviously, this does not take into 
account aggregation of numbers of devices that would not be synchronised in time. 
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Figure 29: Effect of varying WiMax frame activity.
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4. Conclusions 

A sea trial was carried out at the Northern Lighthouse Board (NLB) base in Oban, Scotland between 
the 30th October and 10th November 2006. The main objective of the trial was to assess the level of 
interference caused to maritime radars from a range of typical communications systems, taking 
account of the propagation and scattering effects of paths over water. The measurements were made at 
two locations, a harbour location and a coastal location. 

There were a number of limitations to the trial due to time and resources available which are stated 
here to ensure that the results presented here are taken correctly in context:  

·  The trial only considered land-based interference sources. Only interference into the main 
lobe of the radar was measured, although it is recognised that interference into side-lobes is 
another issue that needs consideration. 

·  Radars used – only one sample of an S and X band radar from one manufacturer was used. 
Other radars could have different characteristics including those that are not explicitly 
specified in IMO performance standards, e.g. pulse width, receiver bandwidth etc; 

·  Radar operators – two qualified ship radar operators provided by the MCA undertook the 
radar observations, with some assistance from the ship’s officers; 

·  Reference targets – a great deal of effort was expended in selecting and testing different 
targets. However, the targets used were not an exhaustive selection of all the potential worst-
case targets. For example, the worst-case target tested was a dinghy but this was only tested 
unmanned, and the effect of a manned dinghy needs also to be considered. In addition, there 
may be other targets which are higher above sea-level such as stick markers which may give 
different effects, for example.  

·  Radar settings – the radar settings were based on the views from the small sample of mariners 
available. There were different views on many of the variables e.g. target trails, auto-
acquisition, interference suppression etc. However, the work has helped move in the direction 
of determining practical worst-case settings; 

·  The scenarios were limited to the harbour and coastal areas, although it was agreed that the 
sea conditions in the harbour area were similar to those for river areas. The use of S-band 
radars in inland waterways will be very limited; 

·  Environmental conditions – although a range of conditions were tested it was not exhaustive, 
and the amount of data gathered was limited for some of the conditions tested; 

·  Interference sources – only 1 sample used at a time and therefore there was no aggregation of 
multiple devices; 
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 The following information was obtained: 

·  The trials provide data on some radar parameter variations, contributing to the discussion on 
parameters and test methodology 

·  A realistic set of operational targets were defined and used. 

·  There was evidence indicating that targets having a lower Pd in the absence of interference 
are affected by a lower interference power. 

·  Measurements showed a correlation between an increase in the ship radar to target distance 
and the resulting decrease in the Pd value. 

·  The worst-case ship radar to target distance, for the smallest target (the dinghy) from these 
results appears to be about 180m to 400m. 

·  The S-band results indicate that the lowest EIRP that caused a noticeable effect on targets was 
about -39 dBm/MHz.  

·  The X-band results indicate that the lowest EIRP that caused a noticeable effect on targets 
was about -32 dBm/MHz.  

·  Multi-path effects were observed at distances up to a few hundred metres from the 
interference source. Beyond about 400/500m it was observed that there was much less of a 
multi-path effect. However, the results were taken over a range of distances which would 
overcome multi-path to some extent, but a larger sample of measurements would be needed to 
get conclusive results. 

·  Evidence was obtained of a decrease in the target Pd with increasing interference bandwidth 
which would be expected. 

·  Evidence was obtained of an increase in the target Pd with increasing frequency offset of the 
interference source. 

·  A range of modulation schemes were used including UWB, 3G, WiMax, GSM, 802.11b/g. 
UWB was similar to the reference AWGN source. The other sources had lower bandwidths 
and tended to have less of an effect than UWB. 

The caveats listed above consist of some of the factors that will need to be taken into 
consideration before any agreement can be reached on practical sharing in maritime radar 
frequency bands. This impacts on protection criteria, safety margins and future trials. 

 


