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INTRODUCTION

SCOOT and MOVA are now very
well established as the strategies of
choice for adaptive traffic control in
networked and stand-alone applica-
tions on the UK’s roads. Both are also
finding favour in markets outside of
the UK, where their capability to de-
liver a high level of performance is
increasingly being recognised.

Both strategies rely on a high level
of accurate data about the flow of
traffic, for SCOOT within the road
network, or for MOVA, on the ap-
proaches to intersections under
MOVA control. Traditionally this
data is gathered by detector loops
buried in the road surface, which
when correctly installed and func-
tioning have been shown over many
years to provide an accurate repre-
sentation of traffic flows. Loops have
other advantages; they are all but in-
visible once installed, so there are no
‘streetscape’ issues, it is very difficult
to steal a loop so they are much less

prone to vandalism or theft and they
are almost completely immune to
poor weather conditions.

However, being in the road sur-
face, detector loops are vulnerable to
damage. This can be caused by sim-
ple movement of the road surface as
it ages, failure of joints between the
road loop and its feed from the de-
tector card and from the many dif-
ferent bodies responsible for services
under the road, which from time to
time have to excavate the road sur-
face to access them. Once damaged
there is little chance of being able to
repair the loop so it has to be re-
placed, which given its location in
the road surface inevitably results in
significant costs and disruption to
traffic. Because of this potential traf-
fic disruption it is often difficult in
practice to effect loop repairs in a
timely manner and in some cities it
has been suggested that up to 25% of
SCOOT loops may be out of action at
any given time.

The obvious solution is to move
the detection out of the road surface
altogether and use above ground de-
tection, but until comparatively re-
cently the performance of such de-
tectors has not really been shown to
be good enough for SCOOT and
MOVA applications.

POSSIBLE ABOVE GROUND
TECHNOLOGIES
Over many years Siemens Corporate
Technology (CT), the research arm of
Siemens AG, has built up an exten-
sive expertise in sensor technologies,
resulting in a wide range of products
being developed for both military
and commercial applications. It
seemed likely that this expertise
could be used to address the problem
of SCOOT and MOVA detection and
as far back as late 2003 CT undertook
several studies to assess which tech-
nologies might be suitable for
SCOOT and MOVA. Several options
were identified, each offering bene-
fits, along with some drawbacks.
After considerable research CT con-
cluded that radar offered the best

overall compromise and operation at
77GHz seeming to be an ideal
choice. This frequency offered:

• Excellent target resolution, so it
would be possible to define de-
tection zones very precisely,
which was considered important
if SCOOT and MOVA loops were
to be emulated accurately.

• Good immunity to adverse
weather conditions, particularly
over the short ranges needed for
SCOOT and MOVA applications.

• Small antenna size, meaning
that the overall size and visual
impact of the detector could be
minimised.

• Widespread acceptance of the
frequency band, meaning that
the detector could be used world-
wide, with minimum limita-
tions.

Unfortunately, after more detailed
evaluation it became clear that solid
state 77GHz technology was in its in-
fancy and although it offered a very
good technical solution the product
costs were found to be very high.
However, radar operating at 24GHz
seemed to offer similar benefits at a
much lower cost, so the develop-
ment of what was to become the
Siemens Heimdall detector was initi-
ated.  

DEVELOPMENT CHALLENGES
Any development of detection tech-
nology for the traffic market has to
recognise that product cost is a very
significant driver when choosing
technology solutions. If these are too
high product adoption in the market
will tend to be limited, even if the
performance achieved is good. Simi-
larly, installation and maintenance
costs considerations are also impor-
tant, as a good product that is diffi-
cult to set up and costly to maintain
will be less attractive in the market
than one that is simple to install,
with little or no on-going mainte-
nance requirement. These criteria
provided significant challenges for
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the Siemens development teams, but
ones which they have successfully
met.

One example of a challenge met
relates to the heart of Heimdall, the
radar antenna assembly. This uses an
advanced planar design which, to
minimise costs, is double sided, with
the antenna on one side and the
Radio Frequency (RF) circuits on the
other. However due to the specialist
substrate material required to per-
form at the high frequency used for
the detector (24GHz), the antenna
Printed Circuit Board (PCB) would
have been be too flexible for practi-
cal use. In addition the attachment
of a ‘screening can’ to provide RF
shielding of critical sections of the
antenna assembly also proved diffi-
cult and expensive.  

To solve these problems the alu-
minium backing plate, which was
originally planned to be just a
mounting plate to support the PCB,
was re-designed to also house the RF
circuitry. The backing plate and
chamber now takes on the role of
both physical support and RF shield-
ing. The backing plate is also used to
accurately mount the RF PCB at very
precise distances from the Heimdall
housing front face. This helps to en-
sure that the RF performance is con-
sistent throughout the manufactur-
ing process and helps to reduce test-
ing costs.

EXPERIENCES IN PRACTICE
Proving of new detection technology
is often time consuming, requiring
several stages of validation before
sufficient confidence is gained to en-
able the product to be released onto
the market. In the case of Heimdall,
extensive testing was undertaken at
the Siemens Poole test site, prior to
deployment in live installations.

The general method of assessment
was based on a ‘ground truthing’ ap-
proach, where a data from a refer-
ence loop is used to provide the ‘con-
trol’, against which the performance
of the above ground detector is vali-
dated. 

For the purposes of performance
testing the above ground detector
under test is then installed above or
close to the reference detector, in
order to ensure equal or similar traf-
fic conditions occur on both detec-

tors simultaneously.
Initially only count and occu-

pancy measures were assessed, which
demonstrated that apparently the
detector performed well. However,
the SCOOT algorithm also uses a fig-
ure of merit called the Link Profile
Unit (LPU) in order to model the
junction. 

The modelling is used to predict
the optimum modifications to the
junction timing variables. The LPU is
a weighted amalgamation of ‘detec-
tor flow’ and ‘detector occupancy’.
Ensuring a close correlation between
the LPU values, generated by a refer-
ence loop and the detector under test
will ensure that the link and by im-
plication the SCOOT system perfor-
mance, would be largely unaffected
if the loop were to be replaced by the
detector under test.

Unfortunately initial Heimdall as-
sessments demonstrated that al-
though both count and occupancy
measures individually seemed to be
good, the overall LPU comparison
was relatively poor, particularly
under partially congested condi-
tions. After considerable investiga-
tion, where both the performance of
the radar and the signal processing
of the radar data were scrutinised
again, modifications to both were
undertaken and the detector
retested. These test resulted in much
improved LPU performance, whilst
maintaining both count and occu-
pancy accuracy.

Figures 1 and 2 shows a simple
comparison of ‘detector flow’ be-
tween the Heimdall SCOOT detector
and the reference test loop, with data
being collected in 5 minute sample
periods. Overall there is very good
correlation but some deviations are
recorded, generally during the night
when there are few vehicles passing
the test site. Consequently a single
false positive or missed vehicle
would result in a significant appar-
ent error rate during these night time
periods, with the smallest variations
during daylight hours.

The analysis of the performance
data for the reference loop has also
identified that it tends to miss some
fast moving motor cycles. The Heim-
dall detector however detects all ob-
jects above ground height and there-
fore is more accurate than the loop

in these cases, but the effect is to
show a slight ‘over count’ in some
instances. 
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  Mova detection in practice
Flow : Loop Versus Heimdall (20/5/09 to 29/5/09)
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Figure: 1

Delta Flow (Percentage Variation) Between Loop and 
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Figure: 2

LPU : Loop Versus Heimdall (20/5/09 to 29/5/09)
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Figure: 3
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The reference loop also generates
some false positives as it detects vehi-
cles driving close to the loop but in
the opposite direction, on the oppo-
site carriageway. The test Heimdall
detector has an adjustable mounting
bracket, allowing modification of the
mounting angle, so that the detec-
tion zone width can be adjusted to
suit the individual road topology
and is effective at avoiding counting
these vehicles, so apparently gives a
slight ‘undercount’ in some circum-
stances.

The LPU data collected for the
Heimdall detector against those gen-
erated by a loop does show good cor-
relation (figure 3). However there
were consistent variations during the
peak hours which is related to the
fact that the Heimdall detector vir-
tual loop length is ~1.8m whereas

the physical loop has a detect zone
of ~2.0m in length. In a live installa-
tion it is expected that this would be
accounted for during the normal val-
idation of the link so is not actually a
significant issue.

Overall, the trial on the test site
demonstrated that the Heimdall de-
tector has good performance as far as
count, occupancy and LPU measures
are concerned. The trial periods
spanned daytime and nigh time op-
eration as well as periods of bad
weather, including heavy rain and
wind without any significant change
in the detectors performance which
provided enough confidence to un-
dertake live on-street trials.

LIVE TRIAL RESULTS.
To further validate the performance
of Heimdall seven trial installations
have been undertaken. A number of
different set-up arrangements have
been tested, some with and some
without reference loops. Two of
these are reviewed below to illustrate
performance in different settings.

SCOOT site (Winchester – Battery
Hill / Romsey Road) 
A single detector has been installed
in Winchester, along side a reference
loop sometimes used by TRL, with
the data being gathered from the
Hampshire UTC system.

Count results from this site were
very good with correlation between
loop and detector being achieved.

In addition data from the site was
assessed by TRL to gain an indepen-
dent view of its implications for ac-
ceptable SCOOT performance, as
below.

‘There is an indication that the Heim-
dall misses some vehicles, about 1%
compared with the loop. There are also
instances where the Heimdall detects a
vehicle, but the loop does not, about
0.5% of the total. Some of these false
positives (relative to the loop) are single
quarter second detections. It may be that
some vehicles travelling in the opposite
direction and turning right at the junc-
tion just clip the detection zone of the
Heimdall, but not the loop.

‘Very occasionally the Heimdall re-
mains in the detect state considerably
longer than does the loop. A few of the
false negatives are due to the loop detect-
ing two vehicles whilst the Heimdall is
continuously on, detecting only one. On
the other hand there is also a slight
query over the loop as there are an ap-
preciable number of instances of it being
on for exactly 3.5 seconds, but never
longer in the data that we (TRL) have
looked at, although in previous tests at

the site longer periods of continuous oc-
cupancy were recorded. 

‘In general it looks as though the
Heimdall effective detection zone is
somewhat less than that of the loop
leading to lower total occupancy, how-
ever, the difference is not large enough to
be a problem for SCOOT and will be al-
lowed for in the validation of saturation
occupancy.’

Overall this site offers a positive
assessment of Heimdall’s perfor-
mance for SCOOT operation.

MOVA trial site (Willett Arms –
Wimborne)
This is a new MOVA intersection was
commissioned in February 2009 and
the approach utilising the Heimdall
detectors includes a bridge over the
A31, preventing loops being cut and
cable connections to the detectors.
Consequently detector data is trans-
mitted to the controller via
Smartlink.

The site has been commissioned
and validated by Siemens Design Ser-
vices staff and as there are no refer-
ence loops possible in this case the
validation has been used to assess
the performance of the Heimdall de-
tection.

Throughout the trial period the
detectors and the intersection have
been subjected to three validations. 

The first validation confirmed that
during commissioning all the
loops/detectors are operating as ex-
pected. The second validation con-
firmed that there had been no
changes or variation since the initial
validation and the third proved a
longer term confirmation that the
performance of the Heimdall detec-
tors had not altered during the trial
period. 

One observation from this trial
(and the trials at the Poole test site) is
that the Heimdall detector does have
a constant delay of about 200mS be-
tween vehicles passing over the de-
tection zone and the detector acti-
vating its outputs

However TRL have indicated that
detection delays less than 500mS is
adequate for MOVA detection perfor-
mance so this is not considered to be
a significant issue.

CONCLUSIONS
The trials of the Heimdall detector
has shown that it offers a good alter-
native to loops for both SCOOT and
MOVA applications and it is ex-
pected that a this will be further vali-
dated in the coming months and the
number of installed detectors in-
crease.
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Figure: 4

A new MOVA
intersection in

Wimborne,
commissioned in
February 2009. 
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