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Bluetooth Deployment - Puhoi to Warkworth Pilot Study

1 Introduction

1.1  Background and Purpose

Intelligent Transport Systems (ITS) technology provides a variety of opportunities for the NZ
Transport Agency (NZTA) to gain a better understanding of how transport networks are operating,
and to measure and monitor the impact of any changes in infrastructure or operations.

The NZTA has undertaken a pilot study evaluating a specific ITS technology that is new to New
Zealand, based on Bluetooth detection. A description of the technology can be found in section 2.

The pilot study took place along SH1 between Puhoi and Warkworth during the summer period, a
time period known for long delays due to high seasonal demand (holiday peak loading).

The pilot study examined the potential for using Bluetooth MAC address tracking as a means of
monitoring congestion. This technology has the potential to collect data to inform day-to-day
operational decisions, which will improve the efficiency of corridors. The purpose of the study was
to test the technology, to develop a ‘proof of concept’ and to identify potential issues, limitations and
opportunities that this emerging technology may offer. The pilot study also compared the Bluetooth
results with floating vehicle surveys conducted during the study period. The results of this
comparison can be found in section 5.

1.2  An Introduction to Congestion

Congestion is essentially the term given if road users experience delay beyond their own control
when travelling between two locations, particularly where this is a result due to demand for road
space exceeding supply/capacity.

Congestion can be broadly classified into two categories: recurrent congestion and non-recurrent
congestion. Both of these categories contribute to day-to-day variability in travel times.

1.2.1 Recurrent Congestion (peak loading)

Trips made by commuters and those accessing education are generally determined by required
work and school start times. As these start times are generally uniform, large numbers of people
attempt to use the transport network at the same time, capacity is exceeded and congestion occurs.
Recurrent congestion generally relates to capacity and is therefore of most interest when it comes
to strategic planning and capital investment.

1.2.2 Non Recurrent Congestion (variability / reliability)

This is the term given to congestion which occurs in addition to usual peak loading. It can be
caused by a range of isolated incidents such as crashes, poor weather and road works. Although
non-recurrent congestion can occur anywhere, it is more commonly associated with bottlenecks on
the network where there is little spare capacity. Non-recurrent congestion affects the reliability of a
corridor and is a leading cause of frustration for road users.

Bluetooth can identify the effects of peak loading. As the system is able to collect data all day it is
particularly suited to identifying non-recurrent congestion and reliability / variability along the route.
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2 Description of Technology
The following section provides more detail for each of the technologies used during the trial.

2.1 Bluetooth MAC Address Numbers

Bluetooth is a communication technology capable of broadcasting a general pattern (like a radio
broadcast) and then identifying another unit and communicating with it directly (like a phone call).
In this way, a cell phone can identify the presence of a hands-free unit, and then connect to it and
communicate directly with that hands-free unit, meaning that hands-free units in adjacent vehicles
do not also hear the cell phone. For this technology to work, all devices with Bluetooth must have a
unique identifier to enable two units to talk to each other exclusively after they “handshake”.

All devices with Bluetooth have a unique “MAC address” identifier number. This MAC address
number is issued at the point of manufacture, however, there is no record kept as to who holds
each number and no record made at the point of sale (when buying a cell phone, the handset’s IME
identifying number is recorded, but the Bluetooth MAC address number is not).

If a device has Bluetooth enabled and visible (often the default setting) the device will transmit a low
level signal at intervals to inform other Bluetooth units of their presence, along with its MAC
address. By detecting the same unique at two different sites, it can be inferred that the unit has
travelled between the two locations.

2.2 Bluetooth Detection

Bluetooth detection involves scanning for the MAC address numbers of Bluetooth-enabled devices
such as cellular phones, laptops, hands free devices, GPS, in-car navigation systems, Bluetooth
enabled stereos, etc.

2.21 Time Stamps

Once a device is recognised the unique MAC address is noted and the observation is given a time

stamp. When a device is detected at another location, the two timestamps can be compared. Itis

then possible to infer a journey has been made between two or more locations and an approximate
travel time can be calculated.

A Bluetooth unit can be observed multiple times within the range of a transceiver. During the trial,
the time stamp recorded was for the last observation, i.e. as the device was leaving the range of the
transceiver.

2.2.2 Mode type

Note that vehicles are not directly matched through this technology. The MAC addresses can be
carried by any mode of travel (including bus, car, freight, walking, cycling, etc.), and can also be
identified for people not moving at all (e.g. at an adjacent home or business). Additionally, any
vehicle may have a multitude of Bluetooth-enabled devices that will be detected.

2.3 Privacy sensitivities

Although there may be potential sensitivities for using Bluetooth, the MAC address numbers can
only be identified / observed if the Bluetooth device is active and the privacy settings have been set
to allow it (i.e. the Bluetooth is set to ‘visible’). Also, unlike number plates or cell phone IDE
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numbers, there is no way of tracking the MAC address number back to the owner as there are a
variety of types of device with Bluetooth, and no database matching these devices to their owners.

2.4 Hardware Installation

For this project, two units were supplied and configured, using Blip Track receivers supplied by Blip
Systems. Each unit was housed in an IP65 rated enclosure. Power to each unit was supplied by a
Jet Ski battery also mounted in an IP65 rated enclosure under the main Blip Track unit.

Directional Antennas were mounted externally to the enclosures, and were aimed on site for
approach and departure detections. This increased chances of detecting Bluetooth activated
devices, and MAC address filtering was carried out in the backend software as not to double up on
the results at each location.

Communication to the units was achieved through the use of Vodafone 3G modem USB devices;
each unit was configured and tested for communication back to the Blip Systems server prior to
being deployed on site.

Figure 1 shows the general layout of the trial units installed on site. Note that the configuration has
improved since the trial. (An example of the new units is shown in Figure 12).

Bluetooth Antenna
Mounting Bracket

BlipNode Bluetooth
Receiver

Bluetooth Antenna
Connection

3G Modem

Power Connection

IP65 Enclosure

Figure 1 Equipment Layout
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A website was set-up and supplied by Blip Systems to enable live viewing of the system during the
trial period. These details were issued to;

. NZTA,
» TMU; and
u

Beca Senior Management and Support Staff.

The website logon screen displayed real time information for all operational routes, once a user has
successfully logged on to the site, options are available to view real time data or historic data. On
the live view screen, options are available to view current travel times and to adjust the starting
point up to 24 hours previously (Figure 2). An option is also available to save the views as a PDF or
an Excel file for future use.
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3 Bluetooth Pilot Study

31 Study Corridor

The corridor chosen for the study was the SH1 Puhoi to Warkworth corridor north of Auckland. This
area experiences significant congestion during holiday periods.

To capture the study route, two sites were selected:

m  Site 1: SH1 Puhoi toll kiosks; and
= Site 2: SH1 Warkworth (Wech Drive).

Figure 3 shows the corridor and unit locations.
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Figure 3 Unit Locations
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3.2  Survey Location and Timing

The trial was conducted during the summer north of Auckland between Puhoi and Warkworth during
a time period when the corridor is known to experience long journey times due to holiday peak
loading. For three days during the study period, floating vehicle surveys were available for
comparing travel times. The dates were as follows:

= Day 1: Sunday 26" December 2010;
= Day 2: Monday 27" December 2010; and
= Day 3: Tuesday 28" December 2010.

The data from these surveys has been matched against the data from the Bluetooth tracking
system. These comparisons can be found in section 5.

The location and timing of the trial was due to study area being one known to suffer from holiday
peak loading as holiday traffic heads north from Auckland. The resulting delays experienced by
road users cause frustration, which has resulted in media attention. The cover photo (Figure 4
below) is sourced from the New Zealand Herald article Trapped and angry on the highway; from the
New Zealand Herald, 28/12/10.' The area depicted in the photo is just south of the study area, and
is the result of congestion within the study area queuing back onto the Northern Gateway Toll Road.

SH1 toll road northbound,
Puhoi, Midday 27/12/10

Figure 4 holiday peak loading on the SH1 Northern Gateway Toll Road (NZ Herald)

The study area is one that is of interest to the general public and would therefore benefit from the
ability to monitor and report on delays experienced by the public. A real time system such as
Bluetooth would also enable the use of variable message signs, internet updates or press releases
to report on delays and to suggest alternative routes (in this case SH16) when peak loading occurs.

! Source: http.//www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=10696822
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3.3 Site Selection Process
While selecting sites, the following considerations were made:

= Route location;

= Proximity to traffic counters;
= Proximity to the road;

= Line of sight;

= Mounting requirements; and
= 3G Signal strength.

3.4 Site 1 - Puhoi

One of the Bluetooth units was installed in Puhoi. For this site the Bluetooth receiver was installed
on a street light pole on the southbound carriageway at the Toll Road kiosks. Figure 5 shows the
highlighted pole for the Bluetooth receiver.

3.41 Power

The power for this site has been taken from the street light. As this site was only powered at night, a
battery was required to power the Bluetooth unit during daylight hours and a trickle charger was
installed to charge the battery off the street light during its operation at night.

3.4.2 Communications

Due to the rural location, it was not possible to use existing communications infrastructure. Instead,
the units relied on a Vodafone Vodem stick modem. Due to limited cell phone coverage, the Vodem
had to be capable of working on the Vodafone Extended frequency of 900Mhz. This differs from the
frequency typically used in urban areas.

3.4.3 Traffic Count

The site location was just north of the SH17 / SH1 Northern Gateway Toll Road interchange. This
interchange has SCATSs loops for both SH1 and SH17. By combining the SCATS volume estimates
on all four movements it is possible to determine the volume of traffic at the site location.
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Figure 5 Puhoi Site

3.5 Site 2 — Warkworth

The other Bluetooth unit was installed in Warkworth. For this site the Bluetooth receiver was
installed on a street light pole on the northbound carriageway opposite Wech Drive. This location is
south of the town centre and away from any side roads that may be used to bypass SH1 traffic.
Figure 6 shows the highlighted pole for the Bluetooth receiver.

3.5.1 Power

As with the Puhoi site, the power for this site was taken from the street light. A battery ran the unit
during the day time and a trickle charger recharged the battery from the street light mains overnight.

3.5.2 Communications

As with the Puhoi site, this was a rural area requiring an extended frequency 900Mhz Vodem stick
to communicate data from the site.

3.5.3 Traffic Count

The site was selected at a location within a few hundred meters of the SH1 TMS traffic count site
south of Warkworth. Liaison with the AMA enabled traffic counts during the survey period.
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Figure 6 Warkworth Site
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4 Data Collection and Analysis

4.1 Bluetooth Traffic Survey

The data collection procedure involved two stationary locations along the survey route. The first
location was on SH1 prior to the Southbound Toll Road Kiosks. The second site was along SH1
Northbound prior to Warkworth.

At each site the units were installed with a line of site range of up to 100 meters. The Antennas
were aligned to detect upstream and downstream traffic to maximise detection ratings. The Blip
Track units were equipped with Bluetooth monitoring software which scans for nearby Bluetooth
devices. For each device identified, the MAC address was uploaded to the Blip Systems server
with a time and date stamp. This information was then fed to the web site to allow for live viewing of
the travel times between Site one, and two.

The data collected was filtered and extracted through the Blip Systems server via the web site, the
filtering included removing duplicate detections at the same location over the same time period.

4.2 Floating Vehicle Travel Time Survey
The floating vehicle surveys have been conducted within the study area since December 2007.

During the survey period a vehicle leaves Auckland every hour on the hour and drives north through
the study area. Each vehicle carryies a GPS data logger, monitoring times and speed along the
route.

Once the surveys are complete the data collected from the GPS units is downloaded, each of the
results are compared and an average travel time for the route is calculated.

For this report, the floating car travel time data has been extracted from the units, from Puhoi to
Warkworth,

A comparison of Bluetooth and floating vehicle travel times is made in section 5 below.
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5 Survey Results

5.1 Bluetooth Traffic Survey

The following section provides a comparison between Bluetooth travel time estimates and floating
vehicle surveys conducted over a three day period in December 2010.

The Bluetooth travel times are provided as the median value for 10 minute intervals during the
course of the day. The median is used rather than the mean, as the mean can be unduly influenced
by slow moving vehicles or vehicles that stop.

The GPS floating vehicle surveys represent individual observations made using a controlled
sample, i.e. the vehicle drives a set route at set times without stopping or deviating from the route.

Figure 7 to Figure 9 show a comparison of the travel times for the two types of survey. The
Bluetooth timestamp is based on the time the vehicle is matched at Warkworth. For this reason, the
GPS surveys have also been matched at the time the vehicle was observed at Warkworth —i.e. the
times shown below are based on arrival times.

Travel Time Northbound for 26th December 2010
=G Bluetooth Median Travel Times e o o GPS Observed Times
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Figure 7 Bluetooth GPS comparison, 26" December
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Travel Time Northbound for 27th December 2010
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Figure 8 Bluetooth GPS Comparison, 27" December
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Travel Time Northbound for 28th December 2010
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Figure 9 Bluetooth GPS Comparison, 28" December

As can be seen from Figure 7 through Figure 9, the Bluetooth 10 minute median travel times are
very similar to those observed by the floating vehicle surveys. The congestion encountered on the
route, particularly on the second day of surveying, was also observed by the Bluetooth system.

The differences in travel times are very slight and generally less than a minute out of the total
journey time. Some differences are to be expected given the Bluetooth is an average / median
value comprised of multiple vehicles, rather than a direct comparison to the floating vehicle survey
vehicles. Also, the time stamps for the Bluetooth are based on the last time the unit was observed
by the transceiver, i.e. the limits of the transceivers range (which may vary slightly depending on
location and the strength of Bluetooth units detected). As a result, there may be slight differences in
where the GPS is recorded at a site and where the Bluetooth units are last detected (although this
is unlikely to be more than 100m per site).

Given this expected margin of error in comparing the two technologies, the Bluetooth is considered
to have provided an accurate measure of the stream of traffic.

6 Bluetooth match rates

6.1 Match rates

In order to determine if the Bluetooth vehicle matching technology provided an accurate and
meaningful result, it was necessary to compare the volume of vehicles with the Bluetooth
detections. For the purposes of this exercise, the match rate involves the number of observations
between the two sites, whereas the volumes were taken at the destination of the route. The
detections at each point are likely to be higher than the match rate, but detections not matched
between the two sites have been discarded.
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6.2 Traffic Count vs Bluetooth matches

Using the traffic count sites at Puhoi and Warkworth, a comparison has been carried out between
the traffic volume and the Bluetooth detections.

Table 1 and Table 2 show the average daily traffic volumes, Bluetooth monitoring detections and
Bluetooth detection rates for northbound and southbound routes. The calculations are based on the
destination information. For northbound traffic, count data was collected from the Warkworth TMS
counting site. For southbound traffic, count data was collected from the ramp signal counting loops
along SH1 prior to the southbound toll kiosks.

Table 1 Northbound Daily Averages (26-28th Dec 2010)

Performance Metric Daily Average

Average daily traffic volume 11,024
Bluetooth matches 3,796
Rough estimate of match rate? 34.4%

Table 2 Southbound Daily Averages (26-28th Dec) 2010

Performance Metric Daily Average

Average daily traffic volume 8,741
Average daily Bluetooth matches 2,803
Rough estimate of match rate' 32.1%

The number of vehicles matched with Bluetooth was considered sufficient for measuring travel
times along the study corridor.

Figure 10 below shows an example profile of vehicles and Bluetooth matches during peak loading.

% The actual detection rate will be slightly lower, as some vehicles detected may have multiple visible Bluetooth
units within them.
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Volume comparison for 28th Dec Northbound
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Figure 10 comparison of vehicles and Bluetooth detections by time of day

During the course of the day the number of Bluetooth devices matched at Warkworth (from Puhoi)
was fairly consistently the equivalent of 25-30% of the number of vehicles at the Warkworth count
site adjacent to the Bluetooth site. This suggests a good sample rate for the corridor.

It should be noted that during overnight periods (midnight to 4am) the number of Bluetooth
detections was very low, and this had an effect on the accuracy of travel times during these time
periods. It should also be noted that the match rate will depend on the number of vehicles travelling
between the two locations, requiring careful route choice / setup.
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7 Issues Encountered

During the deployment period, several issues were noticed with the Bluetooth units that needed
rectifying. The issues that were encountered have been listed below. A summary of the lessons
learned is listed in section 8.

7.1  Communications
The following issues relating to communications were identified:

= Vodafone 3G modems running out of credit (Vodafone were uncooperative regarding an alerts
system); and

m Data usage report from Vodafone appeared to be inaccurate.

Communications issues led to the system falling offline twice during the December / January trial
period. The reasons for this have been identified and understood, and can be mitigated for future
deployments.

7.2 Bluetooth Hardware Issues
The following issues relating to the Bluetooth hardware were identified:

=  Blip Systems online portal performance issues (slow, and sometimes timing out during log in);

= A hardware fault led to the system going offline. The unit was replaced. The faulty unit has been
sent back to the vendor to identify the cause.

7.3 Power
The following issues relating to the power supply were identified:

= Running the system off batteries and trickle chargers proved to be an effective strategy and
worked during the course of the summer trial. However, it was discovered that the batteries
needed to be fully charged prior to installation for this to work. Batteries started with low charge
were unable to get enough charge at night from the street light operation.

7.4  Other
The following general issues were identified:

= Remote location made installation and servicing more difficult than an urban environment due to
the distances involved;

=  The holiday period complicated response time for fault identification and servicing;

= The holiday period also limited the types of TMPs available for installation as there was a ban on
any activities that would have the potential to disrupt traffic;

= Results during very low volumes (i.e. midnight to 3am) were sometimes anomalous. Where
detection rates were very low, the median time travelled between the two sites did not appear to
be a reliable indication of actual journey times (this could be improved with specific filters).
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8

Lessons Learned

As with any new technology project, the unforeseen is always present. Over the duration of this
project, Beca identified a number of issues that can be improved on from the commissioning stage
through to unit deployment and monitoring.

Below are a few of the lessons learned:

When engaged in activities that involve holiday traffic, it is desirable to proceed with site activity
prior to any traffic management restrictions being in place.

Advanced notice is also key with the creation of the routes on the Blip Track web page ensuring
that the system is operational and usable once the units have been installed;

Issues were experienced with the use of prepay Vodafone 3G modems, with no means of
checking the balance for these units and little support from Vodafone. As a result, future installs
should be under a specific plan where data limits are not likely to cause issues.

12 volt jet ski batteries were used for the power during daylight hours, these units need to be
placed on charge a minimum of 48 hours prior to deployment to ensure a full charge capacity is
reached prior to installation; and

Automatic cutover battery chargers were used to charge the batteries during the street light
operating time. For future deployments the charger will be increased from a 1amp to a 2amp
charger unit to provide a greater charge during overnight periods.

The following were considered successful:

During the few instances where a device failed (e.g. due to communications issues) the system
was restored online remotely with little difficulty once the issue was resolved;

Thanks to the support and willingness of the PSMC 005 maintenance contractor, all teething
issues encountered during the trial period were rectified promptly and successfully;

The units detected enough Bluetooth matches to be considered useful for the purposes of
monitoring both recurrent and non-recurrent congestion patterns;

The Bluetooth travel time estimates were very similar to the floating vehicle surveys, suggesting
that the system is accurate enough for measuring travel times.
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9 Further development

Since conducting the trial, the system has undergone further development and now has a graphic
interface showing level of service, for both real time and for historic averages. This is shown in
Figure 11 below. This interface will be available for all future deployments of the system.
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Figure 11 online webpage showing historic level of service (from Bluetooth travel times)

The Bluetooth transceivers have also been improved since the trial versions used in December /
January. The units now have internal antennae. It is anticipated that future versions may have
USB storage, which would minimise data loss in the event of unit failure (e.g. due to comms failure).
An example of the new unit configuration is shown in Figure 12 below (front cover removed).

Figure 12 Bluetooth transceiver as of March 2011
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10 Conclusion

The trial conducted during the summer of 2010/2011 has been a success. In particular the following
conclusions have been made:

= The trial was sufficiently long enough to identify that the units can be installed long-term using a
light pole, battery and trickle charger method of supplying power;

= The units detected enough Bluetooth matches to be considered useful for the purposes of
monitoring both recurrent and non-recurrent congestion patterns.

= While it is possible that Bluetooth may one day become an obsolete technology, the number of
Bluetooth devices in vehicles is likely to increase in the near term as more Bluetooth devices
enter vehicles, particularly following recent law changes requiring hands free units for cell phone
calls in moving vehicles. In addition to hands free technology, Bluetooth GPS, in car navigation
and stereos are becoming increasingly common;

= The Bluetooth travel time estimates were very similar to the floating vehicle surveys, suggesting
that the system is accurate enough for measuring travel times;

= The Bluetooth matching system trialled for this pilot was considerably more cost effective than
other vehicle matching technologies such as number-plate recognition or an infra-red tag
system, and was also cheaper than systems that require a heavy investment in infrastructure
(e.g. the Auckland estimated journey time project). It also requires much less time to deploy and
setup then a system relying on traffic loops or SCATS;

=  The system deployed during the trial had a back-end system for matching vehicles, which means
the system can be setup almost anywhere without requiring further development, and without the
delays or costs associated with adding additional data collection infrastructure (as might be
required with systems using SCATS or TMS loops);

= The Bluetooth system provides far more data during the day than would be cost effective using
floating vehicles surveys for a specific corridor, however the costs would expand depending on
the level of coverage or complexity desired.

Bluetooth matching would therefore be ideally suited to monitoring specific corridors such as rural
Roads of National Significance, where there is currently a lack of infrastructure available. The
comparative lack of infrastructure required in setting up Bluetooth matching means that it would be
simple to roll out, without the need to install traffic loops. Use of Blip Systems technology negates
the need to develop a back-end system for processing, as this is already provided.

The use of unique identifiers means that the Bluetooth can also be used even over long distances.
The further away two detection points are, the less matches, but it would still be possible with a
lower sample rate to track key routes — for instance — track vehicles travelling between airports and
the city, or to track vehicles from a port entrance to specific locations of interest for freight (e.qg.
movements between ports and regional boundaries or between the Ports of Auckland and Wiri
Inland Port, etc).

For specific urban corridors, Bluetooth offers a means of gaining data 24 hours a day, without the
need for existing infrastructure. The sample size will vary depending on how the chosen study
route matches the predominant flow of traffic, sound setup being key to success.

As the system has a live web function, it would be possible for future projects to allow key
stakeholders such as road controlling authorities, network operators, even the media, to have online
access and be able to monitor and report incidents and congestion in near real time.

The Bluetooth system trialled therefore presents a lot of opportunity for improving congestion
monitoring in New Zealand.
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