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Summary
This report highlights the iterative verification process used to develop the SVR-500 stopped vehicle
detection (SVD) radar. It will be seen that a considerable amount of development work was undertaken
to optimise the radar to the motorway environment and that many important features have been
included during the course of the programme. These developments have lead to a demonstrated
detection probability of 96.3%, with worst-case false alarm rate of 8.8% on a live UK motorway.

Three significant stages are summarised in this report:
1) Initial design and off-road testing to confirm the fundamental concepts.
2) On-road development trials to determine the nature of the radar returns in a motorway environment
and to assess the effectiveness of different hardware and processing concepts.
3) On-road proving trials to assess the actual performance of the SVR-500 in a typical installation on a
live motorway.

Pre-Trials Proving
Initial testing was carried out between December 2017 and February 2018 at our test site on a disused
runway and then briefly by setting up the radar on a bridge over the M25 in Hertfordshire.
The radar consisted of our standard Scan-360 security radar hardware loaded with new software for
SVD. The frequency modulation characteristics were un-changed, giving a range resolution of 1.5
metres and range measurements being achieved approximately every 1.3 degrees of azimuth rotation.
The data taken on the runway demonstrated that the radar was readily capable of accurately detecting
a vehicle over the full range of the radar (which at that time was 200 metres), albeit in an idealised
environment with low static clutter and few other moving vehicles.
The data taken from the M25 test was analysed off-line to see how best to identify stationary vehicles
among a mass of other moving vehicles. A number of approaches were tried with the aim of avoiding
the complexity and uncertainties of real-time vehicle tracking. The best was found to be a scheme
where non-moving objects were compared against a dynamic threshold so that the fixed objects at the
roadside were ignored but stopped vehicles were detected.
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Development Trials
The development trials ran from April 2018 to January 2020 at Junction 4 of the M6 motorway. The
radar was mounted on an existing column erected for traffic surveillance cameras. The installation
height of 7 metres provided a reasonable field of view over the top of traffic.
The column was on a thin section of land between the junction 4 southbound exit and the main
carriageway with visibility for the radar to monitor a total distance of 400 metres, covering both
carriageways, the hard shoulders and the exit slip road.

Aerial view of M6 development trial location

To aid analysis, two PTZ cameras were positioned
on top of the pole so radar detections could be
confirmed against video footage. The radar
automatically pointed one of these cameras
toward the stopped vehicle so we could judge
false alarm rate by observing the recorded
footage.
In many respects the site was particularly
demanding because there was a slip road that had
to be covered, as well as considerable works
traffic including people, vehicles, temporary signs
and traffic cones. This increased the complexity
of the processing and presented a difficult
environment.
By selecting demanding environments for our
trials we ensured that the equipment would be
able to handle the widest range of installations.

Radar installed at 7m height
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Summary of issues and corrective actions
The development trials demonstrated that the basic stopped vehicle detection process did not
suppress false alarms by the required amount and further development work was necessary. The false
alarms generally fell into three categories:
1) Moving foliage at the roadside with constantly changing signal level.
2) Large static objects where slight movement substantially changes the signal.
3) Objects moved or dropped on to the road such as debris or traffic cones.
To address this the radar hardware was adapted as described below:
♦
♦
♦
♦
♦
♦
♦

Measurement rate doubled to improve angular resolution.
Frequency modulation increased by 50% to improve range resolution from 1.5m to 1m.
Antenna elevation beam optimised for improved lookdown capability beneath radar.
Processing speed and filtering changed to increase range from 200m to 250m.
Antenna redesigned for lower sidelobes to reduce clutter.
Dynamic range of the receiver increased to improve long-range performance.
Antenna azimuth beamwidth reduced to improve long-range performance and give better
definition of coverage areas.

The software was then adapted to implement the following changes:
Alarm generation routines were improved to permit multiple alarms per scan and to implement an
automatic cancellation process for when the stopped vehicle drives off. Multiple stopped vehicles
would be clustered together to avoid multiple alarms being generated from queuing traffic that could
be considered to be the same incident. However the system would continue to detect secondary
vehicles in the same location, therefore the alarm would only be cancelled when all stopped vehicles
drive off. This means that an alarm would relate to the incident as a whole.
Our analysis showed that immediately prior to alarms being raised there is a noticeable difference
between vehicles and static objects. A simple test was added to distinguish the two.
An additional speed-measurement technique was utilised to reject very slow moving objects such as
rolling debris that could initially appear to have zero velocity, but were in fact moving around slowly
within a particular measurement cell.
To prevent reflections from causing multiple alarms for the same vehicle a procedure was added to
analyse timing differences in range and size relative to the direct detection so that only the direct
detection would raise an alarm, not subsequent reflections off other vehicles.
To aid in the suppression of foliage, the method for constructing the dynamic threshold was modified
to better cope with intermittent movement.
Pre-processing was added to reduce interference levels. Although interference itself did not cause
significant false alarms, it could potentially slightly reduce detection probability, therefore any
measurement cells that showed the signs of interference were not used to form the dynamic threshold.
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Proving trials with new hardware & software
In September 2020 the SVR-500 radar was installed on a trailer parked in a lay-by on the M4 near
Bristol. From this position the radar could monitor both carriageways over a total range of 500m.

Aerial view of M6 test trial location
A camera was installed together with the radar and its video recorded continuously by an NVR. The
NVR and a laptop were installed in an equipment cabinet also located on the trailer. A 4G router
provided the data connection.

Radar installed at height of 6m
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This section of M4 motorway is straight and flat with a concrete
central reservation. An unused refuge lane exists on the
westbound carriageway.
There are no lamp posts, which were seen in the development
trial as potential sources of false alarms. There are two lay-by’s,
one beside either carriageway. Each is separated from the hard
shoulder by a line of traffic cones, but vehicles can still pass
carefully through the cones to gain access, for example police
patrol vehicles.

In December 2020 a mobile traffic sign was left in the lay-by
beside the radar, located only 17 metres away and over half the
height of the radar itself.
The sign blocked the radar’s view of part of the near hard
shoulder and also the near lay-by. Due to its large size, close
proximity and face on alignment, it was found to generate a large,
varying return signal that could potentially cause significant
numbers of false alarms as well as general high-level reflections.
It would have been possible to amend the coverage zones to
remove the area where the mobile sign was located and so
prevent any alarms it generated, but it was decided to leave it
alone. The reasoning was that at other future sites, fixed signs (or
other structures), although perhaps not so close or directly in the
line-of-sight, might also generate repeated alarms.
This sign was ideal to validate the new software features to
gauge their effectiveness in preventing false alarms.
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Results
The SVR-500 performance was analysed in-depth over an 18 day period from 20th May to the 7th of
June 2021. The radar detected 977 potential incidents. Over 550 of these were generated by traffic jams
and have therefore been excluded from the performance assessment. There are also others due to
events such as Highways Maintenance personnel repositioning traffic cones that have also been
excluded.
The remaining incidents break down into:
♦
♦

113
300

potentially real stopped vehicle events
potential false alarms (95 due to mobile traffic sign)

The operating software then applied the new rules designed to eliminate false alarms. These removed
290 out of 300 false alarms and 10 out of 113 real alarms. Of the real alarms, 2 were incorrectly
removed and 1 occurred outside the allowed detection time of 20 seconds. The remaining 7 were
correctly eliminated because they were duplicate alarms caused to emergency service vehicles in the
same lay-by as the radar stopping and then manoeuvring before stopping again.
The final raised alarm statistics are therefore:
♦
♦

103
10

real stopped vehicle events alarmed in the permitted time
false alarms (1 due to mobile traffic sign)

From the total of 113 raised alarms, 10 were false, giving a false alarm rate of 8.8%.
The post-detection rules introduced for the proving trial were 96.7% effective in removing false alarms
that would otherwise have been raised. The majority of these were judged from their location to be due
to foliage. Some others were judged to be due to the movement of the traffic cones that line the border
of the lay-bys and which were occasionally nudged by moving traffic.
Of the few false alarms that were raised, the false alarm due to the mobile traffic sign could have been
eliminated if we had defined it as located in an excluded zone (albeit at some risk of reducing the
detection probability for vehicles stopping nearby). Also, if the real alarm that was reported after the 20
second time allowance is included as a real alarm, then the number of false alarms would be 9 out of a
total of 113, making the false alarm rate 8.0%.
Of these remaining 9 false alarms, 6 were caused by
reflections from smooth-sided lorries onto a static sign in
the central reservation, which could be viewed as peculiar
to this site and could probably be avoided if we had the
option to move the radar to an improved position (we had
no choice in the selection of the installation site or height
of the mast). If so, then there would be just 3 false alarms
in a total of 107, making the false alarm rate 2.8%.
It could be argued that the 6 false alarms due to the central
reflections will occur elsewhere. However, it is worth
noting that all 6 were quickly cancelled by the radar within
25 seconds of them being raised, so there may be scope
for improvement.

T: +44 (0) 1727 853 521
E: enquiries@ogierelectronics.com
W: www.ogierelectronics.com

Unit 13 Sandridge Park,
Porters Wood, St Albans,
Herts, AL1 6PH, UK

OgierElectronics
© Ogier Electronics Ltd.

Technical Report
Page 7

All the real alarms had their reported locations checked; none were incorrect meaning there were no
missed events due to location inaccuracy. Manual reviewing 107 hours of camera video during
daylight hours picked up no missed vehicle events, although since a single camera was used, only
half the coverage area was covered at any time. It is clearly possible that the radar could have missed
some vehicles stopped at night, but it is unlikely because there is less traffic at night when the
obscuration and signal processing of multiple targets is less of a problem.
Many of the targets were initially outside the camera’s field of view, thus it was only possible to check
the reaction time for roughly two thirds of the real alarms. Of these, only 1 occurred outside the 20
second time allowed, from which it is reasonable to assume that there could be two in the total
coverage area over the course of the trial. In addition, there were the 2 real alarms that failed the postdetection rules, making a total of 4 vehicles missed or reported outside the permitted time.
Therefore the radar detected 103 targets and missed 4, giving a detection probability of 96.3%.
This is perhaps an optimistic value because it is possible that the radar missed a stationary vehicle in
half the coverage area or at night, but against that, the two real targets that were seen late have been
classified as missed when in fact they could well have provided useful information to an operator and
therefore it is questioned whether a simple detection cut-off time of 20 seconds is the most
appropriate concept, especially as improvements in performance are possible if more time for
detection and quantification is allowed.
There was no statistical analysis to check that alarms were cancelled when expected, however in all
the cases that were checked manually the cancellation was correct.
The false alarm rate and detection probability results are very good, however it must be emphasised
that they were taken at just one location over a relatively short period of time when the average traffic
densities were lower than normal due the restrictions imposed to combat Covid. In addition, the
assessment of the detection probability was, out of necessity, limited and could be erroneous in some
respects. Finally, all the vehicles of interest stopped on the hard shoulders of both carriageways with
none stopping in live lanes.

Conclusion
This document has described the Ogier Electronics SVR-500 radar hardware, its processing software
and how both have been developed through repeated, and on going, trials and testing. It has also
covered some of the operational and performance issues that were discovered and the ways in which
we rectified these issues.
The improvements made after the development trials to optimise the hardware and software have
resulted in a radar sensor that can cope with the complexities of a live motorway environment in any
weather, day or night.
The detailed assessment from the proving trials has demonstrated a high detection probability of
96.3%, with low false alarm rate of 8.8%, reducing to potentially as low as 2.8% with an optimised radar
location. Our extensive on-road testing ensures the safety-critical SVR-500 radar system can be relied
upon in any situation.

An in-depth technical trials report is available upon request.
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