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1 Network Optimisation Control Tools

1.1 Overview

This Guide covers the control tools associated with Network Optimisation Control which at the time of
release primarily covers City Wide Coordinated Ramp Metering (CWCRM) (refer Sections 2 - 5), and
the recently developed Exit Ramp Management System (refer Section 7). With these tools the current
Managed Motorway “network optimisation” tool kit now enables partial integration with the VicRoads
arterial road traffic signal system (SCATS) at both the entry and exit of the motorway. The primary
function of Network Optimisation control tools are to ensure the motorway asset is optimised at all
times and under all conditions and, put simply, involves getting the traffic on, through and off the
motorway smoothly and efficiently.

As discussed in Volume 1, Part 2: Section 4.3, work is well advanced on developing the full
integration of Dynamic Variable Speed Limits (DVSL) with CWCRM which will inform future editions of
this Guide. As discussed in detail in Volume 1, Part 2 Variable Speed Limits (VSL) or DVSL, while
offering support as an “intervention control” tool discussed below, will offer limited benefit as an
independent (operating on its own) tool for optimising and sustaining motorway flow. This is
particularly the case in Australia where default speed limits on urban motorways are typically 100km/h
supported by high levels of enforcement with low tolerance for non-compliance, and to a large degree
effective speed homogenisation is already achieved. This compares to many overseas jurisdictions
where speed limits may be set higher (e.g. 120km/h) and speed enforcement is limited with more
broader tolerance ranges for non-compliance. As a result there is increased benefit from some level
of speed homogenisation through speed limit control as traffic volumes rise above certain thresholds.

1.2  Past Experience in Melbourne

In 2002 VicRoads commenced the installation of ramp metering at motorway interchanges to reduce
motorway traffic congestion and to improve merging. The entry ramp metering operated in an isolated
manner with fixed time cycles to manage the rate at which vehicles could join the motorway.

In 2008 the trial of dynamic coordinated ramp metering resulted in increased motorway performance
and improved control to minimise flow breakdown. This was based on the effective management of
inflows over a length of motorway to match the capacity of the mainline at each merge as well as at
other critical bottlenecks.

With the hindsight of today’s knowledge and experience (i.e. 2019), these relatively simplistic
beginnings were based on empirical evidence and have provided a solid foundation that has since
lead to further advances in the design of motorways themselves to be productive by limiting
unnecessary turbulence, as well as leading to major advances in the way motorway control systems
are designed and operate. This has been made possible by a combination of hands-on operational
experience and the detailed data analysis using statistical techniques as described in the
comprehensive overview of contemporary traffic science in Volume 1, Part 2 and the Motorway
Capacity Guide contained in Volume 1, Part 3.

Significant and essential advances in data quality and availability have also led to statistical analysis
techniques that can indicate the development of precursor bottleneck conditions that need to be
managed before instability and flow breakdown occur (refer Volume 1, Part 3). From experience with
ramp metering in Melbourne, some ramp metering myths and misunderstandings are included in
Section 9. A short history of ramp metering in the USA as well as its use in Melbourne is in

Appendix B. Also general information relating to ‘Freeway Ramp Signals’ is provided in an information
bulletin in Appendix A.

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 11 of 73



Part 2: Managed Motorway — Network Optimisation Tools

1.3  Overview of Managed Motorway Tools

The Managed Motorways toolkit discussed in Volume 2, Part 1 includes various technologies and
control strategies for delivering different levels of active management. Further details on these tools
are provided in (VicRoads, 2017) which provides an overview of the toolkit in its entirety, providing
high-level functional and technical requirements for each tool, in line with the Systems Engineering
methodology.

The individual tools available for use in the active management of motorways are listed in Table 1.1,
including tools that are currently in operation, as well as tools that are in development or planned for
development. Each Managed Motorway tool is part of a total control system (e.g. integrated tool
chain) and for function can be divided into two primary categories being “Control Tools” and
“Foundation Tools”.

Control Tools Foundation Tools

Network Optimisation | 4o vention Control Intelligence
Control

City Wide Coordinated ramp  Lane use management Variable message signs Traffic detectors (primarily speed,
Metering (CWVRM) system system (LUMS) including (VMS) volume and occupancy — SVO —
. . variable speed limits (VSL) ) . data)
Dynamic variable speed External information
limits (DVSL)' Entry ramp management publication for third CCTV
system party use
Arterial road interface system Automatic incident detection
. Wide area network (AID)"
Arterial road management dispersion (WAND)?
system? Congestion alarms?
Motorway dynamic re-
Exit ramp management configuration (including Real-time graphical user interface
system entry and exit ramp mgt (GuI)
systems)?

End-of-motorway Weather and environmental
management system? monitoring system

" Tools currently in development to be integrated with CWCRM - 2 Tools planned for development
Table 1.1: The Managed Motorways Toolkit

As illustrated in Table 1.1, “Control Tools” can be separated into two categories depending on their
primary function in relation to the levels of active management (i.e. Network Optimisation or
Intervention) as follows:

 Network Optimisation — These control tools for route and network optimisation and these
include City Wide Coordinated Ramp Metering (CWCRM), dynamic variable speed limits
(DVSL), Arterial Road Interface and Exit Ramp Management systems.

¢ Intervention — These control tools responsible for intervening to control traffic speed and
lane/carriageway use following an incident, congestion or other event. For example,
integrated speed and lane use management systems (LUMS) and entry ramp management
systems that support motorway closures.

Likewise, “Foundation Tools” are split into two categories as follows:

¢ Information — These tools provide real-time information to road users via on-road variable
message signs (VMS) as well as through publication of data to third parties for wider
dissemination via mobile phone and in-vehicle systems. Provision of information on travel
times and motorway conditions on both the arterial and motorway network can assist in
managing demand across the network, particularly during incidents and congestion.

¢ Intelligence — These tools provide the real-time data that is critical to identifying and
monitoring network performance issues and providing the inputs to dynamic algorithms that
fine-tune towards a defined objective target.
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“Control Tools” generally require various functions of “Foundation Tools” for their effective operation
and use many of the same field devices and detector data. In this context tools are described as
being “tool chains”. For example, the City Wide — Coordinated Ramp Metering (CWCRM) system and
the entry ramp closure management system both utilise traffic signals and ramp signs to control traffic
leading on to and within the entry ramp using combinations of common and specialist algorithms.
These are driven by the same detector data to control the traffic and provide advice to motorists.
Hence the Managed Motorway toolkit consists of a variety of “tool-chains” that assist managing traffic
entering the motorway, traffic on the motorway and traffic exiting the motorway. Therefore, when
designing a Managed Motorway, it is important that there is understanding that the higher order
optimisation tools naturally assume that the foundation tools and intervention tools have been
provided according to the warrants contained in Volume 2, Part 1 and design guidance contained in
Volume 2, Parts 3 and 4.
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2 Ramp Metering as a Network Optimisation Tool

2.1  Principles of Motorway Traffic Flow

This chapter focusses on the background and principles that relate to managing motorway traffic flow
and in particular the principles associated with the operation of motorway infrastructure as an
optimised network using City Wide Coordinated Ramp Metering (CWCRM). CWCRM is the primary
tool for avoiding or recovering from flow breakdown on a motorway route or network of interconnected
motorways, as it has been designed to manage the traffic density on all segments in the network at
sub-1-minute level to target the delivery of maximum sustainable flow values discussed in Volume1,
Part 3.

The principles recognise the economic benefits of soundly based infrastructure design, including
adoption of mainline lane arrangements to maximise throughput by minimising turbulence and
operation that optimises productivity. The importance of ensuring availability of accurate, reliable, fine
gained and timely data with the appropriate metrics to avoid flow breakdown is a key factor in
understanding and controlling motorway infrastructure, as well as for effective design of the surface
road interfaces at interchanges.

In Victoria the economy is approximately 78% service-based. A service-based economy relies
heavily on transport for couriers, construction, business, trades, medical services in the home,
deliveries of goods and food to retail stores, shopping, education, home services and tourism etc. In a
service-based economy, many vehicles only need one person in the vehicle as it is considered to be
inefficient to have two people to deliver many services or commodities. The service-based economy
has transformed the way roads are used and over time has resulted overtime in significant increased
peak spreading (beyond the traditional 2 hours assumed) and heavy off-peak travel particularly on
urban motorways. The heavy travel demands are no longer just for, or about, commuting which
represents only about 20% of total trips across the day. A large service-based economy also brings
with it the problem that traffic patterns and demands vary widely from minute to minute across the
entire day, hence the optimisation problem is very complex and must operate at the sub one-minute
level to be effective. CWCRM has the ability to understand the complexity in real-time at the network
level to greatly improve the productivity of the motorway infrastructure.

2.2 Ramp Metering — An Overview

Motorway ramp metering as shown in Figure 2-1 are traffic lights installed on an entry ramp to meter
traffic into the motorway in a measured and regulated manner in order to manage the motorway traffic
flow and prevent congestion. Flow breakdown and congestion on a motorway result in reduction in
safety and throughput, increase in travel time, therefore they represent under-utilisation and lost
productivity of a high value facility.

The importance of CWCRM is to optimise motorway safety and productivity. This is reinforced by the
significant role the motorways fulfil, including for many local trips, as these critical arterials road may
be at, or over, capacity during the peaks (or not be able to satisfy demand) and may have had
relatively little additional capacity added over the years.
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Figure 2-1: Motorway Ramp Metering

While the ramp metering system provides the primary traffic control tool for managing the mainline,
the principles for analysing and designing the mainline are important for minimising the potential for
flow breakdown and optimising productivity in relation to the objectives in Managed Motorway
concepts of operation. Guidance relating to mainline analysis and design is provided in Volume 2,
Part 3.

An actively managed CWCRM system based on contemporary traffic flow theory and understanding
can deliver stable and reliable travel by optimising throughput and travel speed along all segments of
the motorway, including ramp merges and weaving areas, as well as preventing, or delaying, the
onset of traffic flow breakdown and congestion.

Local Ramp Metering controls the entry of traffic at a ramp based on local motorway bottleneck
conditions and ramp data. This is isolated operation that is independent of what is happening at other
entry ramps or any knowledge (i.e. input of data) of the traffic demands arriving from upstream which
will also impact the local bottleneck in the next time period (i.e. 1 or 2 minute period). This may result
in an oversupply of traffic at the bottleneck being locally controlled.

City Wide Coordinated Ramp Metering (CWCRM) uses a dynamic algorithm that makes a
combined decision based on data from many motorway segments and the required number of entry
ramps. This operation is able to regulate the entry of traffic from a number of ramps to optimise the
overall motorway operation by balancing flows between ramps and regulating the supply of traffic
towards the critical bottleneck area. VicRoads use of the HERO-LIVE suite of algorithms provides
coordinated dynamic management of Melbourne’s motorways (refer Section 4.2). This provides
proven positive results towards achieving the objectives of managed motorways.

2.3  Principal Aims of Motorway Ramp Metering
The principal aims of using coordinated ramp metering on motorway entry ramps are to optimise
motorway:

e Throughput,

e Travel Speed, and

e Travel Time Reliability.
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Optimised throughput and travel speed are achieved (within reason) by minimising the possibility of
flow breakdown on the motorway, both at ramp merges and locations further downstream, and the
consequential development of congestion. Travel time reliability is provided by reducing performance
variability from day to day.

The following three sections outline some of the principal actions achieved through the application
coordinated ramp metering.

2.3.1 Localised Operation

Managing headways makes it easier to merge and disperse platoons (bunching) of vehicles entering
from a ramp to achieve an evenly distributed flow of traffic into the merge area (refer Eleferiadou L. et
al, (1995). The management of headways to assist the merging of entering traffic is the localised
perspective that motorists and stationary observers generally experience (refer Figure 2-2).

Managing sustainable flow in ramp merge areas requires controlling the flow rate of entering vehicles
when the motorway is near capacity. Mainline flow is managed within limits beyond which the traffic
flow would typically transition to an unstable or congested condition. Localised operation of ramp
metering can only be used effectively within certain limits or contexts or at certain times. Itis no
longer considered to be an effective solution for motorways in large urban cities as the motorway
traffic arriving from further upstream can often exceed the capacity of the merge area such that the
local ramp may need to operate in a very restrictive manner, assuming that that there is sufficient
demand at the ramp to be controlled. If the ramp demand cannot be managed in the manner required,
it is inevitable that break down of flow on the motorway will occur. City-Wide Operation is required to
ensure that appropriate flows all treating motorists equitable are delivered to all motorway sections
such that manageable volumes of traffic arrives at bottleneck areas.

Motorists localised perspective of
motorway traffic operations

— -
— O

Figure 2-2: Driver’s perception of localised ramp metering operation
2.3.2 City Wide (Coordinated) Operation

City Wide (Coordinated) Operation requires management of all critical bottlenecks (whether fixed or
dynamic) along the whole motorway. This requires taking a system or ‘helicopter’ view as shown in
Figure 2-3 to identify all areas where traffic conditions need to be managed. This includes system
level understanding of the need for management of all merges, weaving and lane changing areas,
steep grades, incidents, etc., by controlling traffic using a number of coordinated ramps within the
system.

Demand management of access to the motorway uses the coordinated ramps to ensure that entering
traffic is controlled, managed, and at times momentarily restricted, to ensure the motorway operates
within the capacity of the motorway system. This occurs by managing ‘space’ in ‘time’ to balance and
match all entering traffic flows across the system and considers those already within the system and
how they impact on instantaneous (real-time measured) capacity of all bottleneck locations. There is
no value delivering 150 vehicles per minute to one segment if the adjoining downstream segment(s)
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can only process 120 vehicles per minute as this will result in significant losses in productivity and
safety outcomes due to the induced over-saturation and subsequent flow breakdown.

System perspective of

\ g motorway traffic operations

Figure 2-3: City-wide System’s understanding of ramp metering operational needs
2.3.3 Improve Safety

Safety improvement is achieved in both the localised and system context by:
e Assisting merging locally;
e Managing lane changing turbulence, particularly in the vicinity of ramps and weaving areas;

e Reducing the potential for incidents caused by braking in response to congested stop-start
traffic conditions and differential speeds between lanes; and

e Allowing enough empty road space to allow for the instantaneous lane changing requirements
(i.e. micro OD patterns) which vary from minute to minute across the day. Lane changing
under certain conditions is regularly a precursor to flow breakdown and the trigger for crash
sequences (refer Volume 1, Part 4).

Note:

The ability to control density locally at a ramp merge is relatively straightforward in control and has
been adopted in many traffic control systems over many years. An outcome of metering a ramp
merge effectively can be an increase in efficiency and outflow from a ramp merge bottleneck. As a
result more traffic is able to enter the motorway system and proceed downstream. These higher
flows can activate bottlenecks at locations further downstream on the motorway mainline,
bottlenecks that may previously have remained unseen in the shadow of upstream flow breakdown
prior to metering.

The ability to control distant bottlenecks is generally a more complex problem to solve than
managing a local merge bottleneck. This is in part due to the time taken for traffic to travel
downstream to the affected area and also the nature of the oscillations that are inherent in traffic
flow and the changing conditions imposed by control actions. When a bottleneck is further away
from a controlled entry ramp, there is greater delay for regulated traffic flow to arrive downstream
and have the desired impact on flow stability and traffic state outcomes (i.e. the traffic state at the
bottleneck is changing before traffic from the regulated ramp can arrive).

Relatively simple control approaches cannot manage such distant bottlenecks. Control systems
with sufficient sophistication and complexity are required, not only to effectively respond to distant
flow stability problems but also to coordinate multiple ramps to provide coordinated demand and
queue management over significant lengths of urban motorway corridors.
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2.4 Context and Effectiveness

Within the context of a ‘managed motorway’, which may incorporate a range of traffic management
tools, controlling the entering traffic with a coordinated motorway ramp metering system is the most
effective tool in managing traffic to prevent flow breakdown and optimising throughput and travel time

on the mainline and motorway network as a whole.

A technically effective algorithm with proven on-road performance that is robustly tuned based on
contemporary theory and analysis is essential to maximise the motorway’s productivity. Figure 2-4
shows an example of a high-volume entry ramp merge where mainline flow is managed to prevent
flow breakdown and optimise motorway throughput and speed.

120

120

Source: VicRoads

Location: Monash Freeway inbound between Ferntree Gully
Road and Blackburn Road (Midblock Data Station 7972),
28/07/2008. Morning peak period.
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Figure 2-4: Example of Fundamental Diagrams at a Bottleneck Managed with Ramp Metering

Volume 2, Part 2

VicRoads Managed Motorway Design Guide

Page 19 of 73



Part 2: Managed Motorway — Network Optimisation Tools

2.5 Ramp Metering as a Management Tool

Metering of motorway entry ramps provides an effective traffic management tool for managing the
motorway network in a number of ways including:

e Controlling and coordinating all entry ramps along each route to manage the mainline
motorway at a number of critical bottleneck locations. This will ensure that the best overall
motorway service is delivered under a wide range of conditions and contribute to reducing the
variability of travel time from day to day, thus enhancing improved reliability;

» Managing the motorway flow (occupancy) in a way that would prevent or delay motorway flow
breakdown at an isolated bottleneck;

e Controlling entry ramp traffic to facilitate faster restoration of free-flowing conditions after
congestion caused by a crash or other unplanned incident;

e Managing the headway of entering ramp traffic onto the mainline. This can assist in merging
and improve safety even when the ramp traffic does not need to be restricted to optimise
mainline capacity;

o Discouraging short trips on the motorway during periods of high demand or congestion
particularly where alternative arterial road routes are available, which are often shorter and
potentially faster when the ramp delays increase above certain thresholds.

Figure 2-5 shows charts of motorway flows for unmanaged and managed situations. In the Managed
Motorway example, controlling the vehicle access has prevented flow breakdown and maintained free

flowing conditions.

Unmanaged Motorway Managed Motorway
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