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SMART WORK ZONES — PROVIDING SAFER JOURNEYS FOR
ROAD USERS THROUGH WORK SITES

This paper explores how the innovative Smart Work Zone system (SWZ) is being
used to facilitate safe, reliable and efficient journeys through work sites for the
M80 Upgrade Project (the Project). The Project is currently focused on the
delivery of five major infrastructure projects in Melbourne metropolitan and
regional Victoria. Whilst the Project aims to employ design and construction
methodologies that minimise impacts for road users and workers, road works
still pose considerable safety risks and have the potential to cause travel
disruptions due to changed traffic and road conditions.

VicRoads has worked collaboratively with experts in the industry, including
WSP | Parsons Brinckerhoff, using modern Internet of Things (IoT) technologies
to develop a fully automated system that improves safety and keeps road users
more informed about changing traffic conditions. The system collects, analyses
and broadcasts traffic conditions in real time in a highly consistent and reliable
manner. This end-to-end process is embedded with sound traffic engineering
principles and practices as business rules.

The system is currently being piloted for use on the Citylink Tullamarine
Widening Project (CTW), with the intention being to officially roll out the system
on other VicRoads major projects in the near future.
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1. Introduction

An essential goal for all road agencies is to make travelling on road networks as
safe, reliable and efficient as possible. There are many daily occurrences that
challenge this objective from being met: planned to unplanned road events.
When these events occur, timely and efficient communication with road users
and workers becomes paramount. Ideally we want road users to be prepared for
interruptions and delays to their journey and to be able to factor these in to their
plans and more importantly into their behaviour.

Until recently, we have lacked the means to be able to effectively use software,
sensors, hardware and traffic engineering to meet these challenges in a highly
flexible manner. Interestingly, most of the individual technologies we have
deployed have existed for some time and are well known and understood. What



Henry Okraglik, Justin Lu, Tomislav Dabic, Scott Benjamin =~ Smart Work Zones

is relatively new and unique in this initiative, has been the ability to leverage
recent Internet of Things (I0T) platforms to unite a range of disparate and
portable technologies into a functional system. The system we have created
collects real-time data and converts this into meaningful information that is then
seamlessly delivered in real-time to a variety of road users via a number of
adaptable mediums. Most importantly, we embed sound traffic engineering
principles and practices into the system as business rules and algorithms.

This system has been developed in a unique three way partnership between
VicRoads, WSP | Parsons Brinckerhoff and Telstra. A critical aspect of this
initiative has been the willingness of all three organisations to engage in
collaborative arrangements and procurement protocols. We have worked
diligently as a unified team, all the while with a singular focus on achieving a
successful outcome. A key aspect of this arrangement has been recognising and
respecting the unique skills, experience and people that we each bring, and
determining how we harness these resources effectively and efficiently.

2. Background

There will always be some form of impact to customers’ journeys when
roadworks occur, whether it is delays due to reduced speed and increased
congestion, detours, or incidents. Work zones not only lead to traffic conditions
that disrupt road users' journeys but also expose construction workers to
hazardous situations as they are close in proximity to fast moving vehicles. Lane
or freeway closures reduce road capacity and hence cause bottlenecks. Such a
work zone situation compromises the safe and efficient movement of traffic.

2.1 User experience — Approaching a Work Zone

In most cases where congestion leads to extensive queuing up of vehicles and
long delays, road users are not adequately informed about what is going on, how
long the delays are expected to be and when the disruptions will resolve. This is
due to a number of reasons including the fact that information on Variable
Message Signs (VMS) along the road usually do not provide accurate real-time
information on expected travel time, delay or speed. Typical messages include
"Road Works Ahead - Expect Delays" or "Seek Alternate Routes" - but the
reasons for the delays and information regarding wait times is not
communicated. This lack of real-time information may also contribute to
frustration and impatience in road users because their planned trips are
disrupted and they cannot adjust their trips based on timely, relevant
information.

2.2 User experience — Caught in congestion

Once road users are in a traffic jam, they are ‘stuck’ in the heavily congested
environment, and are left uninformed of the extent of delays, their cause and the
expected timeframe for resolution. Whilst there may be alternative routes, if no
credible travel time or delay information is made available, drivers remain
uncertain about which route to take and are generally reluctant to take these
options due to unfamiliarity with the network and lack of adequate information.
Additionally, in some instances if this information is communicated too late
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during the journey - the road user is stuck on a highway with no other option
but to drive on.

Without reliable information, frustrated road users are often caught by surprise
when downstream queuing suddenly develops, which results in an increased risk
of rear-end crashes. Another high risk scenario for traffic incidents are at work
site access points where construction vehicles leave or join the main road,
something which is not often anticipated by other public road users.

2.3 Optimising Information Dissemination

Whilst VicRoads strives to minimise these impacts for the travelling public and
to increase safety for our workers through various engineering design and
construction methodologies, it is still vital to provide accurate and reliable real-
time information to road users. It is important that this information is made
available at the right times including in advance of, and during trips through
work zones. A key challenge for VicRoads and other road agencies is the
availability of ITS infrastructure in work zones.

Tools such as CCTV cameras, portable traffic detection devices and VMS boards,
websites, media releases, letters and social media are currently used to monitor
and assess road conditions and communicate with the travelling public. The
effectiveness of these methodologies are limited due to their largely manual and
fragmented nature, as they rely on human operators located in different business
areas to communicate information which often leads to inefficient and
inconsistent results.

Being responsible for the delivery of Citylink Tullamarine Freeway Widening
Project (CTW), VicRoads M80 Upgrade (the Project) endeavours to address these
challenges by employing modern technologies. The Project team has been
working collaboratively with a team of engineers, IT solution developers,
software and hardware suppliers and industry experts in a collaborative
approach to initiate and deliver the development SWZ.

3. Smart Work Zones

3.1 Characteristics

A targeted literature review and the experience nd learnings from
implementation of traffic management schemes and related to complex worksite
traffic management and the employment of elements of Intelligence Transport
System (ITS) technology have aided in identifying business needs for SWZ that:

e Operates in an automated mode without or minimal human intervention
in order to achieve synergy and consistency across all activities;

e Collects and analyses real-time traffic data and quickly provides
information to road users and workers as frequently as required via
different communication channels;

e (Captures factual and reliable data to provide consistent and credible
information for the travelling public;

e Allows mobility in installations as opposed to permanent and potentially
more costly infrastructure;
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Allows interactions with key stakeholders via a central point of control
that is flexible and easily accessible; and

Integrates with the current ITS technology but is also agile enough to
adapt with new and evolving ITS technologies when required

The successfully designed and implemented system will:

Better inform road users and improve their travel experience;

Clear incidents more efficiently, thereby reducing secondary incidents;
Improve safety for road workers and users;

Assist road users to take alternate routes;

Reduce congestion and increase traffic flow;

Increase economic productivity;

Improve collaboration and partnership between road agencies and
industry and improve management of the road network.

These characteristics are fundamental to SWZ. Through working collaboratively
with experts in the industry, a modular approach to solution development is
adopted to allow rapid testing and trialling of key capabilities.

The literature search and related investigations revealed that there was no
product available was operational and could meet the business need outlined
above within the timescales required by the CTW project. The system needed to
be developed by the project team to meet the project needs.

3.2 The Concept

The system comprises of three elements:

Inputs: Collection of traffic data such as Speed, Volume, Occupancy,
Classification (SVOC) and travel time in real time from roadside
detectors;

Intelligent traffic algorithm and estimation models: Real time and
historical data are gathered in a Real-time Processing and Rules Engine
where a suite of business rules and algorithms are embedded to trigger
appropriate actions;

Outputs: Meaningful traffic information processed from the previous step
is then disseminated to road users via various communication channels
and tools such as on-road Variable Message Signs (VMS), website, social
media, UHF, SMS etc...
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Diagram 1: Smart Work Zones schematic

As described in this diagram, drivers will be able to receive real time traffic
information through a number of channels prior to and during their trips. Prior
to their trips, they can be notified of unusual traffic conditions via the internet,
email (if subscribed) and SMS (if subscribed). During their trip, if met with
congestion, road side portable trailer-mounted and permanent VMS will inform
drivers of work activities, approach speeds, incidents and, in cases of long delays,
specific information regarding safe alternative routes.

Below is the list of input and out devices currently being developed and
employed by the Project:

e Input Devices:
0 Wavetronix: SVOC
HMI Bluetooth and Acyclia WIFI: Travel Time
SVOC and Travel Time data from the existing ITS
Signal intersection data
Information from an online system that provides details regarding
planned traffic events (developed by VicRoads and WSP Parsons
Brinckerhoff)

o O OO

e Output Devices:
0 Trailer Mounted VMS - Standard Four Colour VMS to display
roadside messages
0 Trailer Mounted VMS - Full RGB VMS to display road side
messages
Project website: provide travel time updates online
0 Social media and email: provide travel time updates to subscribed
users

o
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0 UHF: communicate with heavy vehicle drivers

The Diagram also includes an illustration of how we can also connect 3rd party
applications into the system to enhance both information coming out and to
additionally process information coming out. We have provided a couple of
examples here of outputs into a Geospatial Information System (GIS) and,
particularly an Analytics application. We are currently considering integration
with online traffic simulation applications so that we can better predict and
inform motorists based on traffic pattern recognition and complex algorithmic
analysis of traffic data.

Another piece of valuable input information comes from the online system
developed by VicRoads and WSP Parsons Brinckerhoff. This application allows
contractors and VicRoads to plan, co-ordinate and manage planned road events.
These include planned traffic events such as road works that require road
closures, public events such as fun runs and minor works involving lane closures.
From as early as four weeks before these events occur, they appear on the
calendar of events notifications and are integrated with the system so that road
users are updated automatically, thereby increasing their awareness and
allowing them to prepare for or avoid these planned events during any upcoming
road travel.

3.3 The Platform — Internet of Things

Diagram 2 shows how the system works as a network. A key characteristic of the
system’s design is its open architecture and flexibility, which enables it to
accommodate various inputs and outputs. We have deliberately sought to avoid
vendor or technology lock-in in this design. One of our guiding principles has
been to create a system that supports innovation and new technologies - both
present and future. This is one of the hallmarks of software and technology in the
21st Century; that vendor and technology lock-in can easily be avoided.
Twentieth Century technology for the most part was characterised by vendor
and technology lock-in with all the adverse monopolistic and financial impacts
that go along with this. We are actively and constantly seeking new and
innovative software and products that will enhance the system and benefits to
road users.
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Diagram 2: The System Schematic & Network

On the left hand side of the diagram is a column showing various roadside input
and output devices. Inputs are provided by Bluetooth (Acyclica & HMI) and
Radar (Wavetronix) devices. As other vendors and technologies come along we
can easily adopt these. Outputs are to both the traditional RTA Protocol
compliant VMS signs as well as other signs controlled by proprietary software.
Again, we welcome and work on principles to increase the participation of all
suppliers, current and new.

Moving to the next column on the right shows the variety of communications
methods available to us. We have used both modems with SIM Cards and data
plans supplied by Telstra over a Virtual Private Network (VPN) as well as HTTPS
(HyperText Transfer Protocol) where the vendor has set up their own server
infrastructure. Aside from ensuring security & privacy we are agnostic about the
means of communications and associated protocols.

The next column shows the Amazon Web Services (AWS) server that is hosted
securely in Amazon’s New South Wales data centre. This server hosts the
‘Agents’ which are essentially the code written by WSP Digital, that translates
between each device to and from the Internet of Things platform (Cumulocity).
Once these Agents are written, they can be re-used for any identical device. So
for instance we could place a hundred Bluetooth devices but would require only
the one agent. Similarly having written the RTA Protocol Agent we can now
easily incorporate any compliant VMS. Over time we expect to build up a library
of Agents as we incorporate new input and output devices. As an indication,
writing agents where an Application Programming Interface (API) exists can
take a matter of a few days effort. By way of contrast, the RTA Protocol, which is
a serial protocol, took some weeks. There is a strong argument that we should
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insist all vendors that want their devices to be part of this system should have an
API. Again this is a 21st Century solution requiring 21st Century participants.

On the far right we have the real ‘brains’ of the system - the Cumulocity [oT
Platform. Cumulocity provides extensive device management for devices -
remembering that ‘devices’ in this context includes both hardware inputs and
outputs as well as software.

This includes:

. Hardware and modem information

. Connection and diagnostic monitoring

. Centralised fault management and service level monitoring

. Configuration management

. Software and firmware management

. Graphs of device statistics

. Frequently used remote controls (e.g., restart button, switches)

. Troubleshooting features such as event list and operations queue

Most importantly Cumulocity also contains the Business Rules Engine that
processes the incoming data from all devices and applies pre-determined traffic
management rules to this data.

We utilise Whispir’s critical response conversation platform as the software
application ‘device’ to handle all user communications, excepting of course
signage messaging. Whispir enables subscribed users to receive messages in the
format that best suits them based on a single message input that is published by
Cumulocity. These formats can include Voice-to-Text, Facebook, Twitter, Web
and SMS. It can be set-up so that users can subscribe to the ‘roads’ of their choice
such as the M80 channel or the M1 Channel so they only receive information that
is relevant and wanted. In the future we will also look at using smartphone apps
as another means of communication. We are mindful that we don’t want to
distract motorists whilst they are driving so care needs to be taken on both the
means of broadcasting and receipt as well as the legal terms and conditions
considerations.

3.4 Traffic Engineering

From the road user’s perspective, SWZ will provide real time traffic conditions
including travel time, details about alternate routes, upcoming road work events,
queuing ahead, details about incidents etc. Each of these is considered a
“Module”. The team has developed an extensive list of modules. Adopting a
staged approach, there are currently three initial modules being implemented in
the system which are Speeding, Queuing and Travel Time Modules.

3.4.1 Safety: Speeding

Areas with speed compliance issues are identified and the Speeding
Module is used to remind drivers of the legal speed limit and the
importance of appropriate speed and safety. The business rule for this
module is that when a vehicle is travelling more than a pre-determined
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km/h speed over the posted speed limit, a trailer-mounted VMS
strategically located downstream will be switched on to display
“Workzone Speed Limit Enforced”.

3.4.2 Safety: Queuing

Through surveillance and use of historical data, we identify areas of
workzones which often experience heavy congestion and queuing. The
business rule for this module requires a combination of speed and travel
time data for the subject section of road. For the simple purpose of testing
the concept and technology, the general approach is if the actual speed is
less than the posted speed limit by a certain percentage (or a defined
number) and travel time is longer than usual by certain percentage (or a
defined number), a trailer-mounted VMS strategically located upstream
will be switched on to inform drivers of congestion ahead. We have
embedded a set of rules to appropriately “escalate” the severity of the
events whereby different levels of congestion as defined by actual speeds
and travel times will trigger different messages such as “Slow Traffic
Ahead”, “Queuing Ahead” or “Prepare to Stop”.

3.4.3 Operational Efficiency: Travel Time

We strategically place a number of Bluetooth and WIFI devices along the
road corridor to collect travel time. This data is then validated with
historical and real-time drive-run, speed and occupancy data to ensure
that information provided to road users is as accurate as possible. Travel
time updates are displayed on road side VMS, Website, social media and
SMS in real time.

In addition, devices are also placed on possible alternate route(s). If
congestion on the primary route develops and the system recognises that
alternate routes would provide significant travel time savings to road
users, it will send messages to websites, social media, SMS and most
importantly, roadside VMS which have been located at key decision
points, to inform drivers of the cause, how long and possible alternate
routes.

Trailer mounted VMS'’s will be available to guide drivers through the
alternate routes. It must be noted that analysis needs to be thoroughly
completed to understand travel needs so that messages can be tailored
and as relevant as possible to road users.

4. The Project Journey

A combination of innovative and collaborative work between VicRoads, and
WSP | Parsons Brinckerhoff has facilitated a team approach to solving a difficult
problem. In addition to our key partners, we also sought advice from a wide
range of stakeholders (see Diagram 4) to fine tune the original concept and to
explore new ideas.

Our innovative approach to problem solving was mirrored in the way we
collaborated. The project team cultivated a culture of trust and commitment that
is seldom achieved through traditional agency and private sector engagement
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models. We believe that we have developed a model for partnering that fosters
innovation, creativity and measured risk taking. All three organisations are
committed to continuing with this approach to drive further innovation and
success.

Along the way, we all inherently accepted and honestly discussed the reality that
failure was a possibility. We also put in place many checkpoints to make sure we
were heading in the right direction. We took a ‘bite sized’ approach to the way
we worked so that we limited risk and cost. Each week we identified the risks
and priorities and managed them before moving to the next one.
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Diagram 4: Partners and stakeholders

5. The Pilot

The team conducted a pilot launch in May 2016 consisting of three modules as
described in Section 3(d) for the section of the Tullamarine Freeway between
Bulla Road and Melbourne Airport. This road corridor provides a crucial link
from Melbourne CBD to the Melbourne Airport. As shown in Figure 1, red
triangles are locations of Wavetronix where we have observed slow moving
traffic during peaks and speeding in off-peak periods. Trailer-mounted VMS are
located on shoulders and centre medians ready to be activated in real time when
triggered by the system. In regards to travel time, green is the primary route and
blue is one of key alternate routes between Bulla Rd and the Melbourne Airport.

This pilot commenced on 27 May and we are closely monitoring the performance
and will continue to further develop the system.
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Figure 1: Map of the pilot

6. Conclusion

Work zones often result in traffic conditions that do not meet road user
expectations and also pose potential hazards to construction workers who are in
close proximity to fast moving vehicles. Lane or road closures reduce network
capacity, increasing the incidence of congestion and bottlenecks. This

compromises the safe and efficient movement of traffic.

By incorporating suitable engineering design and construction techniques we
can minimise travel disruptions and contribute to improved safety of road users
and workers. Keeping road users adequately informed of traffic conditions is
paramount in creating efficient road networks. Up until now, disparate and
somewhat outdated processes, technologies and ideas have been used to keep
road users informed - information regarding road works and their impacts are
not accurately and specifically catered to with processes and technologies.

A culture of ongoing, open collaboration between VicRoads M80 Upgrade,
WSP | Parsons Brinckerhoff and other industry experts has supported a team
approach to solving this complex problem. The result is SWZ, an integrated
system that is able to provide real-time updates regarding delays, speed limits
and possible alternate route options for road users and better safety outcomes
for road workers. SWZ allows road users to better plan their trips, and

contributes to a safer travel experience for all.

The unique collaborative approach taken and pace of development to date has

led to consideration of SWZ and application to non-roadwork related issues. As a
result, there is a potential long road map ahead for future development, and it is
expected that SWZ will be rolled out on the next funded section of the M80 Ring
Road between Sunshine Avenue and Calder Freeway.



