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Summary 

This report presents the results of a feasibility trial to determine whether practicable measurements 
can be undertaken at sea to characterise the effects of UWB interference on radars operating in a 
maritime environment. Measurement trials at sea present a number of difficult challenges such as 
location and stability of targets in water, operation of the test equipment on a boat and the requirement 
for suitable tidal conditions.  

The measurement trials were undertaken at the QinetiQ Shoeburyness over water test site from 3rd – 
14th July 2006. Both S and X-band radars were installed on the roof of the site representing 
International Maritime Organisation (IMO) mandatory fit SOLAS radars in common use on ocean 
going ships. A range of non-SOLAS X-band radars typical of the leisure craft market were also 
installed but these were not operational at the time of the trials. 

Tri-lens radar reflectors, acting as targets, were deployed at sea on a series of temporary buoys located 
at different distances from the coast. The reflector size and location was chosen to give, as far as 
possible, the required radar Probability of detection (Pd) in the absence of an interfering signal.  

The interference source consisted of an ultra wide-band (UWB) signal using multi-band orthogonal 
frequency division multiplexing (MB-OFDM). An additive white Gaussian noise (AWGN) signal was 
also used in order to provide a comparison for the UWB results. The interference sources were 
operated at sea from a coastguard vessel provided for the trials by the Maritime & Coastguard Agency 
(MCA).  

The MCA vessel was used to position the interferer in line with the targets and the radar under test at 
a fixed distance from the coast. The interference source was then radiated at various transmit powers 
and the Pd of the targets was monitored by experienced radar operators provided by the MCA. A 
video recording system was also used to allow subsequent analysis of the results. 

A number of observations were made during the trials that should be taken into account in any future 
work: 

·  Safety railings on top of the buildings prevented the interference source being situated close 
to the radars due to obscuration of the radar signal. 

·  There is a deep water channel approx. 3 km due south of the radar installation which is used 
by commercial shipping in the Thames estuary. This limited the maximum deployment range 
of the radar targets to around 2.5 km from the coast. 

·  The test site is part of a MoD live fire range and as such there are numerous range safety 
restrictions. These restrictions, and the position of an anti-submarine barrier, limited target 
deployment to an area approx. 250m x 2,500m. 

·  There are, as yet, no calibrated reference targets as part of the site.  
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·  Deployment of targets could only be done with cooperation from the MoD “sands party”, who 
have specialised vehicles capable of going out onto the sand at low tide. Availability of the 
sands party, tide times and range safety restrictions limited the opportunities for moving the 
targets once deployed. 

·  The extensive sand bank at the test range means that water levels change quickly. Taking into 
account the operational requirements of the MCA vessel, measurement time should in theory 
be a two hour period either side of high tide. In practice the actual time available was limited 
to around 90 minutes. 

·  The range closes at 6pm Monday – Thursday and 12pm on Fridays. Some services did not 
appear to be available after these times. 

·  The sensitivity of the radars precluded the use of standard size buoys to mount the targets, as 
the buoys acted as targets in their own right. Temporary buoys had to be constructed on site 
and deployed during the trials. 

·  Due to tidal conditions it was difficult to maintain alignment between the targets, the 
interference source and the radar under test. 

The trials have gone some way in overcoming the above issues and have shown that results can be 
obtained provided targets and interference source can be correctly positioned and calibrated. 

It should be noted that the main aim of the trial was to prove the concept of undertaking UWB 
measurements to maritime radars over water. Any results in terms of Pd or interference levels 
given in this report should be taken as indicative. 
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1. Introduction 

Ofcom, acting through the Public Spectrum Safety Test Group (PSSTG), requested ERA Technology 
Ltd to assess the feasibility of measurement trials at sea to characterise the effect of ultra-wideband 
(UWB) communications devices on a range of maritime radars, and in particular SOLAS type radars 
operating in both S and X band frequencies.  

Analysis of available literature suggests that all the UWB trials undertaken previously have been 
conducted at land based sites in the UK and USA. No investigation has previously been made of 
interference effects on maritime radars located on board ships at sea, taking account of the 
propagation path over water. Measurement trials at sea present a number of difficult challenges, such 
as deployment and stability of targets in water, operation of test equipment on boats and the 
requirement for suitable tidal conditions. However, analysis of maritime radars in their intended 
operating environments is considered essential in order to assess interference under realistic operating 
conditions.  

Ofcom requested the trials to be undertaken at the QinetiQ over water testing range in Shoeburyness, 
Essex. This is a relatively new test site and does not yet have any calibrated reference targets. Floating 
buoys, on which radar reflectors were mounted, had to be constructed on site and deployed at low tide 
using specialist sand vehicles. The maximum range of the targets from the radars was limited to 
around 2.5 km due to the deep water channel used by shipping in the Thames Estuary. Target 
deployment was further limited by the MoD live fire practice range adjacent to the test site. 

Due to difficulties encountered in setting up the targets, and the limited measurement time available 
due to daily tidal conditions, data was only obtained for the S-band radars. These have been 
designated in this report as Radar A and Radar B. The precise details of the radars cannot be made 
available due to the commercially sensitive nature of the information. 

The interference source was installed on a vessel called the “Kestrel” which was loaned for the trials 
by the MCA. This was only able to operate at high tide which limited the measurement window to 
around two hours each day, although in practice this was nearer 90 minutes. 

A number of issues have been highlighted in this report that should be taken into consideration in any 
future maritime trials. The work undertaken so far has gone some way in overcoming these issues and 
showing that results can be obtained provided targets and interference source can be correctly 
positioned and calibrated. 

It should be noted that the main aim of the trial was to prove the concept of undertaking UWB 
measurements to maritime radars over water. Any results in terms of Pd or interference levels 
given in this report should be taken as indicative. 
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1.1 Relevant Radar Bands 

The table below shows the IEEE designations of the frequency bands used for radar systems. 
Although these designations have not been adopted by the ITU, they are generally used in the radar 
industry: 

Table 1: IEEE radar band designations 

 
Band Designation 

 
Frequency Range Applications 

L 1-2 GHz 

Secondary Surveillance Radar (SSR)/Airborne 
Collision Avoidance System (ACAS) (1030/1090 
MHz), Long Range ATC Primary Surveillance Radar 
(1215 – 1365 MHz) 

S 2-4 GHz Short/Medium Range ATC Primary Surveillance 
Radar (2.7 – 2.9 GHz), Maritime (2.9 – 3.1 MHz) 

C 4-8 GHz 
Microwave Landing System (MLS) (5000 – 5250 
MHz), Airborne Weather Radar (5350 – 5470 MHz), 
Ground-based Weather Radar 

X 8-12 GHz 
Airborne Doppler Radar (8750 – 8850 MHz), Airport 
Surface Movement Detection (9.3 – 9.5 GHz) 
Maritime  

 

The main UWB research has been in the frequency bands 3.168 – 4.752 GHz for multi-band UWB 
and 3.1 – 4.85 GHz for direct sequence UWB. However, recent developments suggest that direct 
sequence UWB proponents have abandoned development work in bands below 5 GHz. Therefore the 
most likely interference scenario is from multi-band UWB to maritime radars operating in S-band, 
and this was the main focus of the trials.  

2. Trials Location 

The trials took place at QinetiQ’s over water radar test range at Shoeburyness in Essex, which 
complies with the provisions of BSEN 60936-1 [1] for shipborne radar testing.  

Both S and X-band radars were installed on the roof of the site representing International Maritime 
Organisation (IMO) mandatory fit SOLAS radars in common use on ocean going ships. A range of 
non-SOLAS X-band radars typical of the leisure craft market were also installed but these were not 
operational at the time of the trials. 

The site is relatively new and the following observations were made during the trials: 

·  Safety railings on top of the buildings prevented the interference source being situated close 
to the radars due to obscuration of the radar signal, as seen in the figure below. 
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Figure 1: Radar installation and safety railings 

·  There is a deep water channel approx. 3 km due south of the radar installation which is used 
by commercial shipping in the Thames estuary. This limited the maximum deployment range 
of the radar targets to around 2.5 km from the coast. 

·  The test site is part of a MoD live fire range and as such there are numerous range safety 
restrictions. These restrictions, and the position of an anti-submarine barrier, limited target 
deployment to an area approx. 250m x 2,500m (see Figure 2). 

·  There are, as yet, no calibrated reference targets as part of the site. 

·  Deployment of targets could only be done with cooperation from the MoD “sands party”, who 
have specialised vehicles capable of going out onto the sand at low tide. Availability of the 
sands party, tide times and range safety restrictions limited the opportunities for moving the 
targets once deployed. 

·  The extensive sand bank at the test range means that water levels change quickly. Taking into 
account the operational requirements of the MCA vessel, measurement time should in theory 
be a two hour period either side of high tide. In practice the actual time available was limited 
to around 90 minutes. 

·  The range closes at 6pm Monday – Thursday and 12pm on Fridays. Some services did not 
appear to be available after these times. 
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Figure 2: Target area 

3. Radar Systems Under Test 

A total of 4 SOLAS radars were supplied and installed by the manufacturers; two operating at S-band 
and two at X-band. In addition, a number of non-SOLAS small boat radars operating in X-band were 
installed at the test site but these were not operational at the time of the trials. The radars were 
installed in a line on top of the test site building separated by about 20m. This was an important 
consideration when trying to align the interference source with the radars and reference targets, and 
meant that the source had to be moved to align with each of the radars under test. 

Test Site 

Barrier 
Target 
Area 
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Figure 3: Example radar installation on the roof of the test site 

Due to difficulties encountered in setting up the targets, and the limited measurement time available 
due to tidal conditions, data was only obtained for the S-band radars, designated Radar A and Radar 
B. These were operating on a frequency of 3.05 GHz (± 30 MHz). 

3.1 Radar A 

Radar A was an S-band …. 

3.2 Radar B 

Radar B was typical of a masthead mounted system operating in high speed mode in S-band. Output 
power was 25kW and a 9ft antenna was in use. 

3.3 Radar Acceptance Criteria 

There are several different criteria that could be used as acceptance criteria for radar measurements 
including Interference-to-Noise (I/N) and Probability of detection (Pd). A detailed discussion of these 
is given in ERA Report 2005-0770 [2]. For these trials radar performance was characterised in terms 
of variations in Pd against EIRP of the interference source. Although a Pd level of 90% in the absence 
of interference has been used as the performance criterion in previous trials, the maritime community 
consider a starting Pd level of 50% would be more appropriate for marine radars. This proved difficult 
to set up due to the limitations of the test site and available targets. Targets and target locations are 
discussed further in section 3.4. 

As far as possible, the measurements should be objective and should take into account the practical 
experience of the operator and real operating conditions, and the resulting variations. To this end 
experienced radar operators from the MCA were invited to configure the radars and record the 
resulting interference effects. These included: 

·  Dimming or disappearance of targets and the resulting Pd 
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·  Increase in background “speckle” noise 

·  Generation of lines and spokes 

Since a Pd value was not directly available from the radar display, it was subjectively assessed for 
visual degradation by viewing the plan position indicator (PPI). Anything that appeared on screen as a 
target was counted, including dimmed targets or any visible part of a target, even if its size was 
greatly reduced. Ideally the Pd should be averaged over a large number of sweeps to obtain the 
average but this was not possible in the limited time available. Therefore, the results presented in this 
report should be considered as indicative. 

3.4 Radar Targets 

A number of radar targets were initially considered but were ruled out due to the nature of the testing 
environment: 

·  False Target Generator 

·  Radar Target Enhancer 

·  Reflectors fitted to Marker Posts 

The most viable option was considered to be a reflector fitted to a floating buoy. Radar reflector 
performance is usually characterised in terms of Radar Cross Section (RCS), typically referenced to a 
1m2 sphere. The ISO standard for ship’s radar reflectors requires a 10m2 RCS for X-band radar [3]. 
The reflector used in the trials was a TriLens device, based on the principle of the Luneburg lens. This 
consists of a number of concentric spherical dielectric shells (hemispherical shells in the case of 
TriLens reflectors). Each shell has a different index of refraction, so that an entering signal will be 
refracted into a nearly elliptical path to a point on the opposite surface of the sphere (Figure 4).  

 

Figure 4: Signal path in the Luneburg lens 
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A reflective material located at the opposition point causes a return of the signal, again refracted 
elliptically through the sphere and out again in the direction it came. TriLens reflectors are designed 
for optimum use with an X-band radar, but they are broadband devices and also perform well at S-
band, as shown in the following plots. 

 

Figure 5: Performance of TriLens reflector at X-band 

At X-band the cross-sectional response of the TriLens reflector ranges from about +3 dB per square 
metre to about +9 dBsqm, apart from the three thin gaps between the lenses.  

 

Figure 6: Performance of TriLens reflector at S-band 
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At S-band the reflector presents a cross-sectional response from around -10 dBsqm to about +2 
dBsqm, apart from the three thin gaps between the lenses.  

The TriLens reflector offered a number of advantages over the targets listed above: 

·  Relatively easy to deploy at low tide 

·  Location can be selected to give optimum results 

·  Target height will remain constant above sea level as the tide changes 

·  Passive device - no power supply required 

·  Much more uniform response than other devices on the market 

 

Mini TriLens Reflector 

Specifications: 

·  The Mini TriLens Reflector is used for sailing along the 
coast. It has an RCS of 0.6 to 1 square meters at X-band 
for 330 degrees. 

·  Contains 3 stepped-index Luneberg lens reflectors. 

·  No loss of performance when boat is in heel or roll. 

·  The exterior surface of the Mini TriLens is 2.3mm thick 
U.V. A.B.S. plastic and each unit weighs about 0.9kg. 

Figure 7: Specification of mini TriLens reflector1 

3.5 Target Deployment 

The TriLens reflectors were initially mounted on large floating Dan buoys which were deployed by 
the MoD sands party from specially adapted military vehicles. These were only permitted onto the 
sand at low tide so the buoys could not easily be re-positioned once deployed. Dimensions of the 
buoys are given in the table and figure below: 

                                                      

1 See http://www.tri-lens.com/trilensweb12002001.htm  
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Table 2: Dan Buoy Specifications 

Specifications Module 1200 

Application Estuary, harbour, river 

Materiel polyethylene, Aluminium 

Top marks flags, isolated danger, St Andrews X, cones etc. 

Diameter 1,2 m 

Length 1,2 m 

Depth 0,6 m 

Focal plane height 2 m (with 1m top mark) 

Buoy weight 85-130 kg 

 

 

Figure 8: Dan Buoy Dimensions 
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Figure 9: Deployment of targets using “sands party” 

 

A total of 4 targets were deployed at the following distances from the radars: 

·  1266 m 

·  1580 m 

·  2043 m 

·  2519 m 

When observed on the radar PPI at high tide it became apparent that the buoys themselves were acting 
as radar targets. The deep water channel at 3km from the test site made it impossible to reduce the 
RCS of the buoys by increasing distance from the radars. It was therefore necessary to construct new 
buoys from materials purchased from a local hardware store. 

The figures below show the original buoys, and the radar reflectors fitted to new buoys constructed at 
the Shoeburyness site. 
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Figure 10: Larger buoys appeared as radar targets 

  

Figure 11: New buoys constructed on site 

The new buoys were deployed at the following distances from the radars: 

·  1580 m 

·  1735 m 

·  1895 m 

·  2030 m 

It should be noted that prevailing tidal conditions make it difficult to maintain the targets in a straight 
line with the radar under test, and this may influence the Pd levels. 

Buoys 
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4. Interference Sources 

There are currently two main candidates for UWB communications to Wireless Personal Area 
Networks (WPANs) in the frequency range 3.1 to 10.6 GHz: 

·  Multi-Band Orthogonal Frequency Division Multiplexing (MB-OFDM) led by Intel 

·  gated Direct Sequence Ultra-WideBand (DS-UWB) led by Motorola 

A detailed discussion of UWB technology and current limits can be found in ERA Report 2005-0770. 

Recent developments suggest that DS-UWB proponents are now concentrating on bands between 6 
and 8.5 GHz, and there are currently no DS-UWB devices on the market. Therefore the most likely 
interference scenario is from MB-UWB and this was the main focus of the trials. 

An AWGN signal was also used to allow some comparison with the UWB results. The maximum 
noise bandwidth of the AWGN signal was limited to 80 MHz. 

4.1 MB-OFDM 

MB-OFDM uses 128 carriers spaced 4.125 MHz apart using QPSK modulation to give a 528 MHz 
wide OFDM signal. This signal can then “hop” between several frequency bands from 3.1 to 10.6 
GHz. Present applications are limited to Band Group 1 which consists of three 528 MHz bands 
between 3.168 GHz and 4.752 GHz. An example of the resulting spectrum when using these three 
bands is shown in the figure below: 

 

Figure 12: Expanded view of MB-OFDM signal using three frequency bands 
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The MB-OFDM signal source was generated by a Rhode & Schwarz I/Q modulation generator 
connected to an Agilent signal generator. This source only uses a single band, which for the trials was 
centred on a frequency of 3.05 GHz in order to replicate a signal co-channel (or near co-channel) to 
the radar under test. As noted above, MB-OFDM is designed to hop between at least 3 bands which 
would have the likely effect of reducing the impact on the Pd, although the relative times for the 
hopping and the radar response would need to be taken into account. 

I 

Q Q 

 

Signal 
Generator 
E4438C 

Horn 
Antenna 
E044 

3033 AMIQ 

I 

 

Figure 13: MB-OFDM signal generating equipment 

4.2 Interferer Location and Operation 

The interference source was installed on the MCA vessel Kestrel for the duration of the trials. The test 
equipment was stowed on the vessel and operated by ERA engineers from 12v battery packs. During 
the Pd measurements the Kestrel was anchored to a point 450m from the radar under test, in line with 
the radar and targets. 

  

Figure 14: Equipment installed on the MCA Kestrel 

5. Test Procedure 

Measurements were undertaken to determine the EIRP levels required to cause a change in Pd of the 
radar under test. The radars were configured and operated by trained controllers provided by the 
MCA. Since the Pd value was not directly available from the radar display, it was subjectively 
assessed for visual degradation by viewing the PPI. 
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For each test the UWB source on board the Kestrel was aligned with the targets and the radar under 
test. The Kestrel was anchored for the duration of the test to a point between the first target and the 
radar, at a distance of 450m from the radar. The UWB source was radiated at a fixed EIRP and the 
PPI was observed for a number of sweeps. Anything that appeared on the PPI was counted as a target, 
even if the target appeared dimmed. The rational for this is that a tracker would still identify a 
dimmed target. The UWB frequency was selected to be co-channel with the radar. 

The measurements were repeated for various EIRP levels, and also for an AWGN interference source. 

It should be noted that there was some variation between targets on any individual scan, including 
variations in target widths. This is most likely to be due to the movement of the targets with the tides. 

6. Measurement Observations 

The following figures show the effects of UWB interference observed during the trials on the targets 
displayed on Radars A and B. The figures should be considered illustrative of the type of results 
that can be obtained from maritime trials. 

The interference source was located on the MCA Kestrel which was anchored in position at 450m 
from the radar under test. 

The results are shown in terms of EIRP level (dBm/MHz) radiated from the interferer, and have been 
corrected for cable loss and antenna gain. 

The onset of interference occurred at a transmit EIRP level of around -31.5 dBm/MHz. 

  

Radar A: Target locations Radar B: Target locations 

Figure 15: Targets without interference 

 

Targets Targets 
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Radar A: 2 targets visible Radar B: Occasionally 4 targets visible 

Figure 16: Transmit EIRP = -31.5 dBm: Onset of interference 

 

  

Radar A: 2 targets visible Radar B: 3 targets visible 

Figure 17: Transmit EIRP = -26.5 dBm 

 

  

Radar A: 2 targets visible Radar B: 3 targets visible 

Figure 18: Transmit EIRP = -21.5 dBm: Visible targets are reduced as interference increases 
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Radar A: 2 targets visible Radar B: 1 target visible 

Figure 19: Transmit EIRP = -11.5 dBm/MHz 

 

  

Radar A: No targets visible Radar B: No targets visible 

Figure 20: Transmit EIRP = -6.5 dBm: No targets are observed 

 

  

Radar A: No targets visible Radar B: No targets visible 

Figure 21: Transmit EIRP = -1.5 dBm/MHz 

 



 
PSSTG Series – Report 3 

PSSTG-REP3V1.2 

�  © ERA Technology Ltd�

 

27 

7. Conclusions and Recommendations 

Ofcom, acting through the Public Spectrum Safety Test Group (PSSTG), requested ERA Technology 
Ltd to assess the feasibility of measurement trials at sea to characterise the effect of ultra-wideband 
(UWB) communications devices on a range of maritime radars. The trials were undertaken at the 
QinetiQ Shoeburyness over water test site from 3rd – 14th July 2006.  

The measurement trials presented a number of difficult challenges such as location and stability of 
targets in water, operation of the test equipment on a boat and the requirement for suitable tidal 
conditions. A number of observations where made at the Shoeburyness test site that should be taken 
into account in any future work: 

·  Safety railings on top of the buildings prevented the interference source being situated close 
to the radars due to obscuration of the radar signal. 

·  There is a deep water channel approx. 3 km due south of the radar installation which is used 
by commercial shipping in the Thames estuary. This limited the maximum deployment range 
of the radar targets to around 2.5 km from the coast. 

·  The test site is part of a MoD live fire range and as such there are numerous range safety 
restrictions. These restrictions, and the position of an anti-submarine barrier, limited target 
deployment to an area approx. 250m x 2,500m. 

·  There are, as yet, no calibrated reference targets as part of the site.  

·  Deployment of targets could only be done with cooperation from the MoD “sands party”, who 
have specialised vehicles capable of going out onto the sand at low tide. Availability of the 
sands party, tide times and range safety restrictions limited the opportunities for moving the 
targets once deployed. 

·  The extensive sand bank at the test range means that water levels change quickly. Taking into 
account the operational requirements of the MCA vessel, measurement time should in theory 
be a two hour period either side of high tide. In practice the actual time available was limited 
to around 90 minutes. 

·  The range closes at 6pm Monday – Thursday and 12pm on Fridays. Some services did not 
appear to be available after these times. 

·  The sensitivity of the radars precluded the use of standard size buoys to mount the targets, as 
the buoys acted as targets in their own right. Temporary buoys had to be constructed on site 
and deployed during the trials. 

·  Due to tidal conditions it is difficult to maintain alignment between the targets, the 
interference source and the radar under test. 
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The work undertaken during the trials has gone some way in overcoming these issues and showing 
that results can be obtained provided targets and interference source can be correctly positioned and 
calibrated. Some indicative Pd observations have been included in this report to illustrate the type of 
results that can be obtained. 
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