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1. INTRODUCTION: THE NEED FOR ACCURATE TRAFFIC DATA 
Transport Scotland is an agency of the Scottish Government.  Its purpose is to 
increase sustainable economic growth through the development of national transport 
projects and policies.  On behalf of Scottish Ministers, Transport Scotland is 
responsible for managing, maintaining and improving Scotland’s Trunk Road 
network.  Trunk roads provide a coherent and continuous system of routes which 
serve destinations of importance to industry, commerce, agriculture and tourism and 
define nationally important routes which will be developed in line with strategic 
national transport demands. 
 
Faster and more reliable journeys opens up new opportunities for business, leisure and 
tourism, increases access to employment, enhances productivity and helps build up a 
critical mass of business which can drive up competitiveness.  The strategic road 
network will continue to play a vital role in fulfilling this Government newest 
strategic objective of moving towards a low carbon economy.  Making journey times 
more reliable by improving traffic flows and avoiding stop-start conditions is one of 
the key methods of reducing the network’s carbon footprint.  Ongoing investment in 
our strategic road network connects regions and individuals to economic 
opportunities.  The trunk road network has a role to play in tackling the equity issues 
which act as drags to our economy, creating a more cohesive Scotland with increased 
social equity. 
 
Having accurate information about traffic is important for the efficient and effective 
management of the trunk road network in three-main ways. Firstly, collecting 
information on traffic conditions allows the Traffic Scotland operator to holistically 
manage the network, identifying and responding to incidents and events quickly.  
Secondly, the provision of traffic information to users, for example via the internet or 
Variable Message Signs, allows them to make informed decisions about their travel 
both prior to, and during, their journey.  Thirdly, analysis of historic traffic 
information allows Transport Scotland to prioritise investment activities on the roads 
and areas that need it most. 
 
Scotland has been at the forefront of ITS development and implementation for some 
time.  Work on urban traffic control started in the late 1960s and continued with the 
procurement of a motorway lane control system in the early 1980s and the opening of 
a Control Centre in 1983.  Scotland’s ITS was redesigned in 1992 and was world class 
with respect of its integration of local and national control capability and its interface 
with a major Urban Traffic Control System.  This year, the national Traffic Scotland 
Control Centre will move to new purpose-built facilities at South Queensferry, also 



providing a coordination hub during emergencies, disruption and periods of severe 
weather. 
 
The travelling public now expects ITS to provide information or deliver 
environmental and safety benefits. Examples of these applications include Traffic 
Scotland’s Journey Time System and the Variable Speed Limits which were recently 
installed on the M90. 
 
For the system to work, data collected from the roadside must be reliable and 
accurate.  If the collected data is inaccurate or incomplete, decisions become less 
informed with a reduced level of service provided to the road user. 
 
The current economic climate, the need to strengthen transport links between major 
conurbations and the Scottish Government’s commitment to supporting the transition 
to a low carbon economy are just some of the drivers behind the need to continue to 
innovate, deploying better, faster, and more reliable technologies to measure and 
record traffic data. 
 
Beyond the National objectives it is also important to be aware of European 
objectives, to recognise the importance of sharing the results of ITS trials and learning 
from European and international experience. Transport Scotland have been actively 
involved in Europe–wide ITS projects on the Trans European Transport Network, 
such as EasyWay (http://www.easyway-its.eu/) for many years, and through this are 
now leading the EasyWay New Monitoring Technologies Task Force; a platform for 
European monitoring technologies knowledge sharing. 
 
In autumn 2011 these factors led to the development of the ITS Test Bed where 
emerging traffic monitoring equipment could be trialled against traditional solutions, 
such as traditional loop arrays. This arrangement allows for thorough testing and 
benchmarking of emerging technologies prior to their implementation. 
 
This paper describes the ITS Test Bed, explains how it is used to test new traffic 
counting technologies, reports upon initial findings and offers a vision for the future - 
implementation and further exploration. 

2. ITS TEST BED: AIMS, OBJECTIVES AND INSTALLATION 

2.1 Aims and Objectives 
The main objective of the site is to conduct extensive field tests of alternative 
technologies for use in a variety of ITS applications, examine the deployment issues 
and the costs associated with the technologies. These alternative technologies are 
benchmarked against existing trusted equipment. Standardised testing criteria have 
been developed to ensure the results from this project are directly and easily 
comparable to results obtained by other agencies.  As noted above, the technologies 
tested are not only important for counting and classifying but providing as much data 
as possible that can be used for a wide variety of purposes; e.g. incident detection, 
incident management, integration into the Traffic Scotland systems. 
 
When Transport Scotland consider a technology for trial it is important to take the 
phase the technology has reached into account, Figure 1. Some technologies that have 



been trialled at the Test Bed Site are quite mature with numerous deployments 
elsewhere, but “new” to Transport Scotland; for others the technology may never have 
been deployed for the purpose required by Transport Scotland. 
 

 
Figure 1 – Phases of New Technology 
 
Thus, the ITS Test Bed also provides the opportunity for manufacturers to deploy 
their equipment in a live environment, gather additional data and further develop their 
products. 

2.2 Location 
To ensure that any new technology is subject to a challenging and realistic 
environment, and to ensure environmental factors can be adequately considered, it 
was decided that the location of the ITS Test Bed must conform to the following 
criteria: 
 Safe operative access 
 Heavily trafficked 
 Variety of vehicle categories 
 Nearby weather station 
 An additional site within close proximity necessary for the testing of point-to-

point technologies 
 
For these reasons, the existing Scottish Road Traffic Database (SRTDb) Weigh in 
Motion (WiM) site at Birnam was chosen as the primary Test Bed site. This is on the 
A9, the main route between the Central Belt and the north of Scotland. Safe and 
convenient access to the site exists via Dunkeld & Birnam railway station car park. 
 
The existing SRTDb traffic counting site at Ballinluig, 12km north of Birnam, was 
chosen as the secondary site. 
 
The locations of the sites are shown in Figure 2. The project did not affect these sites’ 
existing functionality. 
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Figure 2: ITS Test Bed Site (Ordnance Survey © Crown copyright 2011) 

2.3 Baseline Equipment 
At Birnam, an additional WiM array was installed together with two inductive loop 
arrays compliant to MCH1540. This was deemed suitable established equipment to 
gather the most common types of traffic data against the test equipment. The most 
common types of traffic data are deemed to be: 
 Volume 
 Speed 
 Classification by length 
 Classification by axles 
 Gap / headway 
 Journey times 
 
All of these can be captured using the loops installed at Birnam, except for journey 
times, whose baseline data collection will be described in Section 3.2.5. The data 
captured from the baseline equipment will provide a benchmark against which to 
judge the quality of the data produced by the test equipment. 
 
The test equipment, including any infrastructure necessary to support non-intrusive 
technology, is accommodated within specific cabinets.  A renewable power supply 
was installed. The Birnam facilities are depicted in Figure 3, Figure 4 and Figure 5.
 



 
 

 
Figure 3: ITS Test Bed Layout, Birnam 
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Figure 4: ITS Test Bed Inductive Loops, Birnam 
 

 
Figure 5: ITS Test Bed Cabinets, Birnam 
 
At Ballinluig, an additional cabinet was installed together with infrastructure to 
accommodate non-intrusive test technologies and a renewable power supply. The 
Ballinluig site is used to host journey time technologies, such that the time taken to 
travel between Birnam and Ballinluig can be measured. Ballinluig’s facilities are 
depicted in Figure 6. The approximate cost of the ITS Test Bed set-up was £25k. 
 

 
Figure 6: ITS Test Bed Equipment, Ballinluig 



3. METHODOLOGY 
This section describes the test period of any new technology under evaluation at the 
ITS Test Bed , the duration of which is typically a period of 4 weeks that allows an 
appropriate data set to be collected and a variety of conditions to be experienced. 

3.1 Installation 
The installation and removal of the new technology takes place with the 
manufacturers present at the Test Bed. This ensures correct installation and successful 
handover of any hardware or software required; it also allows the manufacturer to be 
aware of the baseline equipment. 

3.2 Baseline Data 
As described in Section 2.3, traditional traffic monitoring equipment was installed at 
the Test Bed in order to yield reliable baseline data, for the most common types of 
traffic data, against which to evaluate the technologies under test. The baseline data is 
itself manually validated three times during the test period to ensure an accurate 
benchmark. The methodology for this process is described below. 

3.2.1 Volume 
Manual validation is performed by undertaking a manual vehicle count during a peak 
period and comparing the results to the output of the TMUs associated with the 
inductive loops. This verifies that the loops count all vehicles correctly in the correct 
lane. Video enumeration may also provide further evidence. 

3.2.2 Speed 
Manual validation is performed by driving a vehicle past the Test Bed several times at 
defined speeds. The TMUs’ output is validated against this. 

3.2.3 Classification 
Manual validation, corroborated by video enumeration, is performed and comparison 
is undertaken is a similar manner to volume data. 

3.2.4 Axle Weight 
An additional WiM array, developed by Transport Scotland’s established and trusted 
WiM supplier, TDC Systems, has been installed at the Birnam site. This is the 
baseline device and is calibrated whenever another supplier’s WiM device is under 
test. 

3.2.5 Journey Times 
Journey times are validated with the use of a probe vehicle travelling between the 
sites at Birnam and Ballinluig. The baseline data is obtained from a calibrated timing 
device in the vehicle. 

3.3 Test Conditions 

3.3.1 Weather Conditions 
Since weather conditions are known to affect the performance of traffic monitoring 
equipment in various ways, as described in Table 1, the weather is monitored during 



testing. Comparisons are performed during a number of different weather conditions 
to verify the weather’s effect on the test equipment. 
 
Table 1: Impact of Weather Conditions upon Test Equipment 
Weather Condition Equipment Affected Impact 
High wind Pole-mounted As the pole sways, the sensor 

movement may cause false or 
missed detections. 

Reduced visibility Cameras May cause missed detections. 
Snow Inductive loops, 

cameras where zonal 
boundaries are defined 

Reduced visibility of white lining 
may cause vehicles to travel outside 
normal lane boundaries. 

Direct sunlight Cameras Glare may cause missed detections. 
Shadows Cameras May cause movement to be detected 

spuriously. 
Extreme temperature All Extreme highs or lows may cause 

sensor performance to degrade, 
resulting in unreliable data. 

3.3.2 Traffic Flows and Patterns 
Contact is made with the relevant Operating Company so that testing is scheduled to 
avoid planned roadworks in the vicinity, which could impact on traffic levels, 
reducing the sample size required for robust results. 

3.3.3 Installation and Configuration 
The manufacturer of the test equipment usually stipulates specific installation 
requirements, such as the preferred mounting height and carriageway offset. Where 
possible, these parameters are varied so that the equipment’s performance can be 
tested in a situation where site constraints prevent installation to manufacturer 
recommendations. 

3.4 Methodology 
Comparison of the data obtained from the technology under test to the established 
technology is performed in various ways using analysis of the most appropriate 
parameters, including: 
 Volume 
 Speed 
 Classification 
 Journey Time 

3.5 Reporting 
In addition to the accuracy of the collected data, all technology trialled at the ITS Test 
Bed is evaluated on: 
 Ease of installation and use 
 Ease of software use and configuration 
 Build quality 
 Cost 
 Environmental impact (i.e. energy consumption) 



4. TECHNOLOGIES ASSESSED 
This section describes the typical evaluation criteria of any new technologies 
commissioned at the ITS Test Bed, the duration of which is typically a period of 4 
weeks that allows an appropriate data set to be collected and a variety of conditions to 
be experienced. 

4.1 Wavetronix SmartSensor HD 

4.1.1 Device 
The Wavetronix SmartSensor HD (see Figure 7) detects vehicles using twin radar and 
provides a variety of traffic data including volume, average speed, and classification. 
This technology was tested as a possible detector for Vehicle Detection and Incident 
Management (VDIM) purposes; this requirement is currently fulfilled by Standard 
Counter Traffic Monitoring Units (TMUs). These TMUs require the installation of an 
inductive loop array in the carriageway connected to the TMU located inside the 
roadside cabinet. 
 

 
Figure 7: Wavetronix SmartSensor HD at the ITS Test Bed 
 
Its potential advantages are: 

 No carriageway works or associated traffic management required for 
installation 

 Ease of relocation 
 Vehicles changing lanes are more accurately detected (loops have a tendency 

to double-count such vehicles) 
 Operates in adverse weather and lighting conditions 

4.1.2 Installation 
The SmartSensor was installed at the Test Bed. The baseline equipment used was the 
original WiM array. This is shown in Figure 8. The lane closest to the sensor (towards 
Inverness) will hereon be referred to as ‘Lane 1’, and the lane towards Perth as ‘Lane 
2’. 
 



 
Figure 8: Installation of Wavetronix SmartSensor HD 
 
It was decided to compare the following data outputs between the test and baseline 
equipment: 
 Volume 
 Speed 
 Classification by Length 

4.2 HiTrac BLUE 

4.2.1 Device 
The HiTrac BLUE is a point-to-point detector intended for journey time measurement 
by detecting Bluetooth devices. Since Bluetooth media access control (MAC) 
addresses are unique to each Bluetooth device, be it a mobile phone, satellite 
navigation system, hands-free kit or even the vehicle itself, it is possible to use the 
HiTrac BLUE to match Bluetooth MAC addresses between points on the network to 
calculate an average journey time to be disseminated to road users. This has the 
potential to provide an alternative to the Automatic Number Plate Recognition 
(ANPR) technology more traditionally used for this application. 

4.2.2 Installation 
Two HiTrac BLUEs were installed, one at Birnam and one at Ballinluig. Over the 
course of one week in April 2012, the number of vehicles counted by the inductive 
loops at each site was compared to the number of Bluetooth devices detected by the 
HiTrac BLUEs. The number of matches between each site was also recorded. 

4.3 RTEM SLC4 

4.3.1 Device 
The RTEM SLC4 is a TMU that claims to be able to provide classification data from 
a single loop; as distinct from Traffic Scotland’s traditional Event Classifier TMU 
setup, connected to two loops per lane.  This has the potential advantages of reduced 
costs at new TMU sites, and resilience where a loop fails at existing sites. This 
technology was tested as a possible detector for collection of data for traffic statistics; 
this requirement is currently fulfilled by Event Classifier TMUs. 

Lane 1 

Lane 2 



4.3.2 Installation 
The RTEM SLC4 TMU was installed in a cabinet at the Test Bed and connected to a 
standard loop array. One of the loops on the southbound lane was disconnected in 
order to test the claimed ability to cope with loop failure and produce data as robust as 
if both loops were active. The existing WiM sensors were used for baseline data. The 
entire installation is shown in Figure 9. The lane closest to the TMU (towards 
Inverness) will hereon be referred to as ‘Lane 1’, and the lane towards Perth as ‘Lane 
2’. 
 

 
Figure 9: Installation of RTEM SLC4 
 
It was decided to compare the following data outputs between the test and baseline 
equipment: 
 Volume 
 Speed 
 Classification by Length 
 Classification by Profile 

4.4 Clearview M100 Magnetometer 

4.4.1 Device 
The Clearview M100 magnetometer (see Figure 10) is a wireless vehicle detector. The 
basic principle of the magnetometer sensors is using three magnetic detection sensors 
to measure the X, Y and Z axis of the earth’s natural magnetic field. When no 
vehicles are present the sensor will calibrate itself by measuring the values of the 
background magnetic field and establishing a reference value. The passage and 
presence of vehicles are detected by measuring deviations from that reference value. 
Every vehicle exhibits a unique magnetic signature, which can be picked up by small 
changes of inductance, as the vehicle passes over it. It transmits data to an M110 
Access Point, mounted on a nearby roadside column, which forwards the traffic data 
to an M120 Magnetometer interface card housed in a roadside cabinet. The M120 
records the data on a standard CompactFlash card.  This arrangement is depicted in 
Figure 11. This technology was tested as a possible detector for VDIM purposes; this 
requirement is currently fulfilled by Standard Counter TMUs. 
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Figure 10: Clearview M100 Magnetometer 
 

 
Figure 11: Clearview's Wireless Detection System 
 
The M100’s potential advantages are: 
 Self-calibrating (using the earth’s natural magnetic field), even if located next to 

existing ironworks, i.e. on or in close proximity to bridges or other structures 
 Easier to install than traditional inductive loops 
 Low maintenance (battery life in excess of 10 years) 

4.4.2 Installation 
Four M100 magnetometers were installed in the road, each one inside a small hole 
(10cm wide x 6cm deep) surrounded by an epoxy resin. They were installed in the 
centre of an existing MCH1540 loop arrangement at the Test Bed. The M110 Access 
Point was mounted on a roadside column and connected to a M120 interface card 
housed within a cabinet. The entire installation is shown in Figure 12. The lane closest 
to the TMU (towards Inverness) will hereon be referred to as ‘Lane 1’, and the lane 
towards Perth as ‘Lane 2’. 
 



 
Figure 12: Installation of Clearview M100 Magnetometer 
 
It was decided to compare the following data outputs between the test and baseline 
equipment: 
 Volume 
 Speed 
 Classification by Length 
 
This data is normally organised by Traffic Scotland into 3, 15 and 60 minute time 
intervals. It was decided to use only 15 and 60 minute time intervals for this test, since 
the A9 has particularly quiet periods overnight whereby a 3 minute interval would 
give an excessively small sample size. 

5. TECHNOLOGY OBSERVATIONS 

5.1 Wavetronix SmartSensor HD 

5.1.1 Volume Results 
The SmartSensor recorded 3.29% fewer vehicles than the baseline in Lane 1, and 
7.66% fewer vehicles than the baseline in Lane 2. The discrepancy for Lane 2 was 
attributed to vehicles in this lane being masked by passing vehicles in Lane 1. It is 
anticipated that this issue would be mitigated if the sensor’s height or angle were to be 
adjusted appropriately, for example mounting the sensor on a gantry. 

5.1.2 Speed Results 
Comparing the SmartSensor speed data to the baseline data yielded a margin of error 
of approximately ±2%. This represents a high degree of accuracy. 

5.1.3 Classification by Length Results 
The WiM equipment and SmartSensor were configured to classify vehicles, by length, 
into three bins. 
 
Comparing the SmartSensor length classification data to the baseline data yielded 
only negligible differences, reflecting an accuracy that is well within the 
manufacturer’s claim. 

Lane 1 

Lane 2 



5.2 HiTrac BLUE 

5.2.1 Journey Time Results 
Over the course of the week, the HiTrac BLUE devices recorded and matched, on 
average, 15% of the traffic counted by the TMUs northbound, and 17% southbound. 
Since a record of only 5% of the traffic is required to produce an accurate journey 
time, this match rate was deemed acceptable. 
 
It was also noted that, since all the equipment is located closest to the northbound 
lane, there was no bias due to proximity. 

5.3 RTEM SLC4 

5.3.1 Volume Results 
The SLC4 recorded 6.28% fewer vehicles than the baseline in Lane 1, and 6.84% 
fewer vehicles than the baseline in Lane 2. This is not acceptable accuracy for 
Transport Scotland: such a discrepancy would adversely affect the statistics used for 
national traffic growth and other ongoing studies. Despite this, it was noted that loop 
failure did not significantly affect the SLC4’s performance. 

5.3.2 Speed Results 
For Lane 1, the average speeds recorded by the SLC4 and the baseline vary by around 
1%; for Lane 2, the figure is around 7%. The high variance for Lane 2 is attributed to 
the simulated loop failure causing inaccuracies. 

5.3.3 Classification by Length Results 
The WiM equipment and SLC4 were configured to classify vehicles, by length, into 
three bins. 
 
Comparing the SLC4 length classification data to the baseline data yielded no 
significant differences. The marginal differences between the medium and long 
vehicle bins are possibly explained by the presence of slow-moving HGVs. 

5.3.4 Classification by Profile Results 
The WiM equipment and SLC4 were configured to classify vehicles, by type, into the 
six standard European EUR6 categories adopted by Transport Scotland’s SRTDb 
service. 
 
There was a significant variation between the two datasets for Class 2 (Cars and/or 
Small Vans) and Class 4 (Rigid HGV, Large Van and Minibus). 

5.4 Clearview M100 Magnetometer 

5.4.1 Volume Results 
Using the 15 minute time intervals, the volumetric count variation between the M100 
and baseline WiM array was 8.15% for Lane 1 and 8.86% for Lane 2. This is 
statistically significant, hence the magnetometers do not meet Transport Scotland’s 
standard for volumetric counts. 



5.4.2 Speed Results 
Using the 15 minute time intervals, the variation in speed data between the M100 and 
baseline WiM array was 5.09% for Lane 1 and 0.37% for Lane 2. This meets 
Transport Scotland’s standard, albeit marginally. 

5.5 Classification by Length Results 
The baseline WiM equipment and M100 were configured to classify vehicles, by 
length, into three bins. 
 
There was a variation of 4% for the short and medium class vehicles between the 
M100 and baseline data. This was considered too great a variance for Transport 
Scotland to consider the M100 for classification purposes. 

6. TECHNOLOGY CONCLUSIONS 

6.1 SmartSensor 
The SmartSensor’s hardware was straightforward to install and commission. Its 
software is similarly intuitive, and the supplier provided excellent support throughout 
the trial period. The capital expenditure and maintenance costs are projected to be 
significantly less than those of inductive loops, although the SmartSensor does 
consume more energy than its established counterpart. 
 
Sections 5.1.1 to 5.1.3 show that the SmartSensor had a good level of accuracy, 
although the discrepancy against the TMU data for the volume of traffic in Lane 2 is 
disappointing. To test the hypothesis that this was due to vehicle masking, IBI Group 
recommended that further testing be undertaken, ideally at a higher trafficked site 
where the sensor can be mounted with a clear view of all lanes. 

6.2 HiTrac BLUE 
The HiTrac BLUE was found to be easy to install and deploy because it can be 
mounted on existing infrastructure. The cost savings are considerable compared to 
ANPR technology and moreover, the solution mitigates privacy concerns by 
truncating and encrypting MAC addresses as it receives them. 

6.3 RTEM 
There was a marginal financial advantage to the RTEM SLC4 over the TMUs 
currently in use and the equipment installation was straightforward however, the 
SLC4 has slightly higher energy consumption than the Event Classifier TMU. 
 
Although it is impressive that the SLC4’s ability to count traffic is not compromised 
by loop failure, the SLC4 does not provide data to the accuracy Transport Scotland 
requires. IBI Group recommended that RTEM undertake further development to 
enhance their product. 

6.4 Clearview M100 Magnetometer 
Clearview’s solution is more cost-effective than traditional inductive loops in terms of 
both capital expenditure and maintenance costs. Installation of the magnetometers was 
performed much more rapidly than the normal installation time for inductive loops: 
this has clear safety benefits for the civil engineering contractors. The software was 
configured by Clearview to produce data in a standard format from a standard Traffic 



Scotland TMU containing the M120 interface card, so it is not possible to comment 
on ease of use of the software. 
 
However, the established solution is more energy efficient and was demonstrated, via 
the ITS Test Bed, to produce more accurate data for Transport Scotland. IBI Group 
recommends that, if Clearview would like their product to be implemented on the 
Scottish trunk road network, it is developed further. In the meantime, however, it may 
be more appropriate for applications in urban areas, where slower moving traffic can 
be identified and counted more easily. 

7. IMPLEMENTATION ON THE NETWORK 

7.1 Wavetronix SmartSensor HD 

Following positive results at the Test Bed Transport Scotland are planning to deploy 
the Wavetronix SmartSensr HD at a more heavily trafficked Traffic Scotland TMU 
site.  The unit will be deployed to cover at least two lanes in each direction and 
configured to collect the same data, in the same time configuration as the TMU. The 
SmartSensor data can be recorded in real time and directly compared to the TMU 
data. 

7.2 HiTrac BLUE 
Following the successful trial on the ITS Test Bed described in Section 5.2, Transport 
Scotland and IBI Group used the HiTrac BLUE to implement a Journey Time System 
on the A9 Stirling to Inverness route. Transport Scotland and IBI Group have also 
collaborated with Local Authorities in Edinburgh, Aberdeen and Dundee to deploy 
Bluetooth detectors to provide journey times traversing the local and trunk road 
ensure a seamless flow of information. 
 
The live system was put to a demanding series of Site Acceptance Tests and was 
found to provide reliable journey time information more economically and 
ecologically (due to its ability to operate from solar panels) than traditional ANPR 
technology. It was a particularly suitable technology for such a rural area. 

8. FUTURE DEVELOPMENT 

8.1 Environmental Monitoring 
Poor air quality is estimated to reduce the life expectancy of the average UK citizen 
by 7-8 months, and is responsible for 24,000 to 35,000 premature deaths in the UK. In 
response to this, as well as climate change, the Scottish Government has set an 
ambitious target to reduce carbon emissions by 80% by 2050. Transport Scotland is 
committed to delivering environmental sustainability through low carbon technology 
and infrastructure and reduced emissions. With road traffic being the main cause of 
poor air quality in urban areas and alongside busy roads, Transport Scotland would 
like additional tools to investigate, monitor, assess and improve air quality. 
 
Transport Scotland has embarked on a project to investigate a high effectiveness, low 
cost, low maintenance air and noise quality sensor system that could be integrated into 
an Active Vehicle Traffic Management system. This initial sensor evaluation will be 
carried out at the ITS Test Bed. 



8.2 Future Monitoring Technologies 
Some of the potential technologies which are to be deployed at the site in the future 
include: 

8.2.1 Virtual Loop 
Virtual loops are non-intrusive vehicle presence sensors that monitor traffic flow and 
emulate or simulate inductive loops, see Figure 13. Some examples feature cameras 
with integrated vision processors. These detectors can collect basic traffic data or be 
configured for incident detection purposes. 
 

 
Figure 13: Video virtual loop 

8.2.2 Incident detecting radar sensor 
This technology used high frequency radar to scan the road surface, both up and down 
stream. The system can detect pedestrians, slow moving or stopped vehicles and 
debris such as exhausts, bumpers or spare wheels, as well as vehicles that are 
reversing. Objects that are stationary or designated as people are sent to an alarm 
generation process and should they remain for long enough, the road operator is 
notified. This technology has been used for tunnel, multilane highways (see Figure 
14) and hard shoulder monitoring by other road operators. 
 

 
Figure 14: Incident detecting radar sensor 



8.2.3 M680 loop detector 
In the past, applications have depended on binned data being collected weekly or 
monthly for historic purposes. With current demands for making the most out of the 
existing road infrastructure, the M680 detector can collect data on each vehicle 
compiling minute-by-minute interval files for transfer by packet based 
communications systems. Because the loop detectors are integrated and under the 
control of a single processor, advanced algorithms are available to spot straddling 
vehicles and minimise data inaccuracy due to congested conditions. 

8.2.4 E-MOTE 
The E-MOTE is a pervasive sensor device or “mote” capable of measuring air quality 
and relaying data via wireless communications to a central server. Originally 
developed as part of the “MESSAGE” (Mobile Environmental Sensing System across 
a Grid Environment) project by researchers at Newcastle University, TDC Systems in 
association with Drakewell software have taken it a step further by integrating the E-
MOTE with C2 software to provide users with real time pollution levels. Easily 
deployed by fixing to lamp posts or similar street furniture at a height of 2.5m plus 
and up to 80-100m apart, the network can contain up to 100 motes in an area of 1km 
and communicate via a central Gateway to the server instation. The units are designed 
for all weather conditions with a continual power supply provided by solar cells & 
internal battery. 

8.2.5 AQMesh 
AQMesh allows air quality to be monitored in the locations that need to be monitored 
rather than where equipment can be conveniently positioned. The small post mounted 
units will be completely wireless, using battery power and GPRS 
communications. AQMesh 'pods' will measure the main air polluting gases and 
wirelessly communicate data using cloud computing where sophisticated data 
management will generate highly accurate readings as well as monitor hardware 
performance. User access will be via an online portal, where readings can be easily 
viewed, compared and downloaded. The monitors will be easy to install and move and 
a system can have from one to many hundreds of individual monitors. 

9. SUMMARY 
The ITS Test Bed has proven an invaluable tool for the rigorous testing of new and 
innovative technology to Transport Scotland’s exacting standards. Testing technology 
at the Test Bed is often extremely cost-effective: the manufacturer, eager to 
demonstrate their product, will often loan their equipment free of charge. Not all 
technology meets the required standard but the Test Bed results allow ITS 
professionals to make recommendations (as in the case of the SLC4), suggest 
alternative applications (as in the case of the M100), or perform further testing if it is 
considered that the Test Bed’s constraints did not allow the technology to reach its 
full potential (as in the case of the SmartSensor). 
 
The ITS Test Bed provides a springboard for successfully trialled technology, such as 
the HiTrac BLUE, to be practically applied in a live context (i.e. a Journey Time 
Systems on the A9 and urban collaboration projects). The site has now also been 
utilised for air quality monitoring; forming part of Transport Scotland’s 
Environmental and Sustainability Division aims to develop an air quality monitor 
trigger system integrated with traffic data. 



Transport Scotland are committed to the continuing success of the Test Bed and have 
a busy schedule for 2013, interested in working with additional manufacturers and 
other ITS deployers in developing cost effective and fit for purpose solutions. And by 
taking advantage of European connections, successful technology can deliver its 
benefits to the travelling public with Scotland viewed as the pioneer. 


