
   

 

  

Managed Motorway Design Guide 

Volume 2: Design Practice 
 

Part 2: Managed Motorway – Network Optimisation 

Tools 

 
  



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

 

 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 3 of 73 

 

Managed Motorway Design Guide 

 

Volume 2: Design Practice 

Part 2: Managed Motorway – Network Optimisation Tools 

 

 

 

 

 
  

Volume 1 - Managed Motorways - Role, Traffic Theory 
and Science
• Part 1 - Introduction to Managing Urban Motorways
• Part 2 - Traffic Theory Relating to Urban Motorways
• Part 3 - Motorway Capacity Guide
• Part 4 - Road Safety on Urban Motorways
• Part 5 - Linking Investment and Benefits Approach

Volume 2 - Managed Motorways Design Practice
• Part 1 - Managed Motorway - Design Principles and Warrants
• Part 2 - Managed Motorway - Network Optimisation Tools
• Part 3 - Motorway Planning and Design
• Part 4 - LUMS, VSL, Traveler Information (Update Under Development)



Part 2: Managed Motorway – Network Optimisation Tools 

Page 4 of 73 VicRoads Managed Motorway Design Guide Volume 2, Part 2 

 

  



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 5 of 73 

 

Volume 2: Design Practice 

Part 2: Managed Motorway – Network Optimisation Tools 

 
Published by: 
VicRoads 
60 Denmark Street 
Kew  VIC  3101 

Authors: 

John Gaffney (VicRoads) 
Maurice Burley (Consultant)  
Matthew Hall (VicRoads) 
The significant contributions and reviews by Richard Fanning, Jessica Franklin and Dr. Hendrik 
Zurlinden, in VicRoads are also acknowledged. 

VicRoads acknowledges the partnership and contributions of: 
• TRANSMAX as the owner and developer of the VicRoads Motorway Management system 

(STREAMS). 
• Prof. Markos Papageorgiou and Prof. Ioannis Papamichail from the Technical University of 

Crete in the development of the HERO-LIVE coordinated ramp metering system used to 
manage Melbourne’s motorways. 

 

 

Keywords: 

Managed Freeways, Managed Motorways, Traffic Management, Incident Management, Ramp 
Metering, Coordinated Ramp Metering, Capacity, Highway Capacity, Design Volumes, Ramp Design, 
Mainline Design, Freeway Operation, Ramp Metering Operation, Ramp Metering Control, HERO- 
LIVE, Ramp Metering Algorithms, Congestion Management, Freeway Bottlenecks, Traffic Theory, 
Optimisation, Freeway Safety, Motorway Safety. 
  



Part 2: Managed Motorway – Network Optimisation Tools 

Page 6 of 73 VicRoads Managed Motorway Design Guide Volume 2, Part 2 

 

Amendment Record 
 

Ed/Rev No Page(s) Issue Date Amendment Description 
    

Ed 1 All June 2019 First Edition 

Ed 1, Rev 1 3 October 2019 Minor editorial changes 

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© VicRoads October 2019 

 

Electronic copies of the Guide and Standard Drawings are available on the VicRoads Website: 

https://www.vicroads.vic.gov.au/business-and-industry/technical-publications/traffic-engineering 

Enquiries or comments relating to the Guide may be directed to: 
VicRoads 
60 Denmark Street 
Kew  VIC  3101 

http://www.vicroads.vic.gov.au/Home/AboutVicRoads/ContactUs/FeedbackAndEnquiries.htm 

 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 7 of 73 

 

Table of Contents 
List of Figures 9 

List of Tables 10 

1 Network Optimisation Control Tools 11 
1.1 Overview 11 
1.2 Past Experience in Melbourne 11 
1.3 Overview of Managed Motorway Tools 12 

2 Ramp Metering as a Network Optimisation Tool 15 
2.1 Principles of Motorway Traffic Flow 15 
2.2 Ramp Metering – An Overview 15 
2.3 Principal Aims of Motorway Ramp Metering 16 
2.4 Context and Effectiveness 19 
2.5 Ramp Metering as a Management Tool 20 

3 Ramp Metering Control 21 
3.1 Independent Control 21 
3.2 Dynamic Coordinated (Route-Based) Control 22 
3.3 Managing Ramp Demands 24 
3.4 Control Strategies and Algorithms 25 
3.5 Why Occupancy is Used to Manage Motorway Flow 26 
3.6 Managing Heavy Congestion and Incidents 26 
3.7 Management of Entry Flows to Assist in Flow Recovery 28 
3.8 Closing Entry Ramps and/or the Motorway. 28 
3.9 Traffic Diversion by Providing Traveller Information 28 
3.10 When Ramp Metering has Limited Effectiveness 28 

4 The Operation of Ramp Meters 31 
4.1 Legal Basis for Ramp Meters 31 
4.2 Control Algorithms Used by VicRoads 31 
4.3 Ramp Meter Operational Modes 35 
4.4 Switching on /off Signs and Signals 37 
4.5 Operating Sequence and Cycle Times (not used for design) 41 

5 Ramp Signals Integration with other Managed Motorway Operations 45 
5.1 Ramp Signals Response to a Lane Closure 45 
5.2 Ramp Signals Response to Changing Speed Limits 45 
5.3 Ramp Signals Response to a Freeway Closure 45 
5.4 Emergency Vehicle Access when Ramp Signals are Operating 46 

6 Benefits of Ramp Metering 47 
6.1 Qualitative Benefits 47 



Part 2: Managed Motorway – Network Optimisation Tools 

Page 8 of 73 VicRoads Managed Motorway Design Guide Volume 2, Part 2 

 

6.2 Quantitative Benefits for the Motorway – Monash Freeway Example 47 

7 Exit Ramp Management System 51 
7.1 Managing traffic leaving the motorway 51 

8 Interface at Surface Road Interchanges 53 
8.1 Interchanges 53 
8.2 Entry Ramps 53 
8.3 Exit Ramps 54 

9 Ramp Metering Myths and Misunderstandings 55 
9.1 Introduction 55 

Appendix A 59 
Ramp Metering - Information Bulletin 59 

Appendix B 63 
A Short History of Ramp Metering 63 
Ramp Metering in Melbourne 64 

Appendix C 68 
Paper presented at the Fifth Australian Computer Conference, Brisbane, May 1972. 68 

Works Cited 73 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 9 of 73 

 

List of Figures 
Figure 2-1:  Motorway Ramp Metering ................................................................................................. 16 

Figure 2-2:  Driver’s perception of localised ramp metering operation ................................................. 17 

Figure 2-3:  City-wide System’s understanding of ramp metering operational needs .......................... 18 

Figure 2-4:  Example of Fundamental Diagrams at a Bottleneck Managed with Ramp Metering ........ 19 

Figure 2-5:  Example of Unmanaged and Managed Motorway Flows .................................................. 20 

Figure 3-1:  Metering Traffic Flow at a Bottleneck ................................................................................ 21 

Figure 3-2:  Metering Traffic with Coordinated Control ......................................................................... 23 

Figure 3-3:  Fundamental Diagram Indicating the Importance of Metering Rate .................................. 25 

Figure 3-4:  Fundamental Diagram Indicating Critical Occupancy for Ramp Metering ........................ 26 

Figure 3-5:  Incident Clearance without an Incident Management System .......................................... 27 

Figure 3-6:  Incident Clearance with an Incident Management System ............................................... 28 

Figure 3-7:  Motorway Congestion at a Terminating Motorway ............................................................ 29 

Figure 3-8:  Congestion at Terminating Motorway showing other unrelated flow breakdown that would 

benefit from motorway management .................................................................................................... 30 

Figure 3-9:  Motorway Congestion from an Exit Ramp ......................................................................... 30 

Figure 4-1:  HERO-LIVE Coordinated Ramp Control Structure ............................................................ 33 

Figure 4-2:  Start-up Control Sequence – Typical Ramp Meter ............................................................ 38 

Figure 4-3: Ramp Meters Start-Up Control Sequence – Motorway to Motorway Ramp Meter ............ 39 

Figure 4-4:  Close-down Control Sequence - Typical Ramp Meter ...................................................... 40 

Figure 4-5:  Close-down Control Sequence – Motorway to Motorway Ramp Meter ............................ 41 

Figure 6-1:  Monash Freeway Summary of Increases in Volumes and Speed .................................... 48 

Figure 6-2:  Monash Freeway Crash History: Before and After Upgrade ............................................. 49 

Figure 6-3:  Crash Rates on Melbourne’s Urban Motorway Network ................................................... 49 

Figure B-1:  Freeway Speed - Eastern Freeway Outbound, East of Bulleen Rd .................................. 65 

Figure B-2:  Travel Time - Eastern Freeway Outbound, Bulleen Rd to Doncaster Rd ......................... 65 

Figure B-3:  Fixed Time Ramp Meters - Typical Speed Surface Contour Plot in the AM Peak ........... 66 

Figure B-4:  Motorway Ramp Meters - Typical Speed Surface Contour Plot in the AM Peak .............. 67 

Figure B-5:  ‘Before and after’ Austroads National Performance Indicators ......................................... 67 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 10 of 73 

 

List of Tables 
Table 1.1:  The Managed Motorways Toolkit 12 

Table 4.1:  Equivalent Hourly Ramp Flows relative to Cycle Time and Lanes at the Stop Line for 

operations 43 

Table 9.1:  Common Misunderstandings and Clarifications 58 

  



Part 2: Managed Motorway – Network Optimisation Tools 

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

 

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. 
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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 
Control Intervention Control Information Intelligence 

City Wide Coordinated ramp 
Metering (CWVRM) system  

Dynamic variable speed 
limits (DVSL)1 

Arterial road interface system 

Arterial road management 
system2  

Exit ramp management 
system 

End-of-motorway 
management system2 

Lane use management 
system (LUMS) including 
variable speed limits (VSL) 

Entry ramp management 
system 

Wide area network 
dispersion (WAND)2 

Motorway dynamic re-
configuration (including 
entry and exit ramp mgt 
systems)2 

Variable message signs 
(VMS) 

External information 
publication for third 
party use 

Traffic detectors (primarily speed, 
volume and occupancy – SVO – 
data) 

CCTV  

Automatic incident detection 
(AID) 1 

Congestion alarms2 

Real-time graphical user interface 
(GUI) 

Weather and environmental  
monitoring system 

1 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: 

• Throughput, 
• Travel Speed, and 
• 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.  It is 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. 

 
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. 

 

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: 
• Assisting merging locally; 
• Managing lane changing turbulence, particularly in the vicinity of ramps and weaving areas; 
• Reducing the potential for incidents caused by braking in response to congested stop-start 

traffic conditions and differential speeds between lanes; and 
• 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. 

 

 

 

 
 
 

Occupancy at this motorway 
bottleneck is measured 

downstream of a high-flow entry 
ramp merge, which is managed to 

prevent flow breakdown 
 

 

 

Source: VicRoads 

Location: Monash Freeway inbound between Ferntree Gully 
Road and Blackburn Road (Midblock Data Station 7972), 
28/07/2008. Morning peak period. 

 

Figure 2-4:  Example of Fundamental Diagrams at a Bottleneck Managed with Ramp Metering 
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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: 

• 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; 

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

• 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; 

• 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 

  

Flow Breakdown Occurs 
Reduced throughput 

Reduced speed 
Congestion 

Lost productivity 
 

Flow Breakdown Avoided 
Prevent flow breakdown 

Maintain optimum throughput 
Maintain optimum speed 
Facilitate flow recovery 

 

Source: VicRoads 

Figure 2-5:  Example of Unmanaged and Managed Motorway Flows 
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3 Ramp Metering Control 
Ramp metering signals for a Managed Motorway would generally be part of a route treatment that 
operates as a system under dynamic, coordinated control. While some of the information in this 
section may represent early superseded practice and not be directly applicable to current VicRoads 
practice for motorways with heavy demand, it is included to provide principles and background related 
to the VicRoads journey towards current understandings and best practice. 

When ramp meters are coordinated in a system, the ability to manage the mainline occupancy by 
matching entry ramp inflows to the capacity of critical bottlenecks along the motorway is significantly 
improved. System control with appropriate ramp designs also has the advantage of distributing entry 
ramp queues and waiting times across a number of ramps to provide equity of access. 

3.1 Independent Control 

Independent ramp meter control within the system context may be appropriate where entering traffic 
causes flow breakdown in the mainline flow at an isolated bottleneck that generally has no impact on, 
or from, other interchanges along the route. 

The function of an independent ramp meter is to manage the entering rate of traffic to overcome the 
impact of uncontrolled platoons of traffic coming from the ramp’s upstream intersection signals. An 
independent meter may also be used to control the total entering volume to maintain stable conditions 
when the motorway is nearing capacity. 

Averaged over an hour (although the system would calculate a 20 second metering rate based on 
occupancy), the hourly design volume calculation considering the ramp and mainline flows relative to 
the maximum sustainable flow rate (to minimise the likelihood of downstream flow breakdown) is 
shown in Figure 3-1 and is generally based on: 

• Bottleneck capacity flow (qcap)  
• Upstream flow (qus) 
• Entry ramp arrival (demand) flow (qra), and 
• Maximum metered ramp flow (qr). 

 

 

Figure 3-1:  Metering Traffic Flow at a Bottleneck 
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Independent (or isolated) ramp metering installations may be effective in providing reductions in 
merging problems and improvement of motorway traffic flow where there is a high merging flow, but 
has limited functionality and ability to balance operation along a route when compared with 
coordinated control. For example: 

• If the bottleneck capacity is less than the upstream flow there is no ability to control demand 
on the mainline 

• Subject to the applied queue management strategy, this may result in earlier initiation of ramp 
queue override actions and potential for premature flow breakdown at the merge 

• It provides reduced equity relative to upstream ramps, i.e. the ramp at the active bottleneck 
takes ‘all the load’ while the upstream ramps, while contributing to bottleneck activation, are 
either not controlled or do not share delays equitably 

• Is unlikely to be able to maintain optimum motorway throughput if there is congestion related 
to other bottlenecks along the route, and 

• Is not appropriate for heavily trafficked motorways where a number of entry demands need to 
be managed or where flow breakdown may occur at a number of locations. 

3.2 Dynamic Coordinated (Route-Based) Control 

Best practice coordinated control allows for ramp meters to operate in an isolated manner or to 
engage, when needed, upstream ramps in a master/slave relationship. 

When ramp meters are coordinated in a system it improves the ability to manage the mainline 
motorway flow by matching traffic inflows from a group of ramps to deliver the appropriate capacity 
flow to  a critical bottleneck along the route. It also has the capability of balancing the queues and wait 
times between ramps. 

With dynamic coordinated control the motorway ramps are grouped to operate together and provide 
the necessary control when traffic conditions require coordination. Typically, coordination results in a 
balance between long and short trips where studies on some routes have shown that about 50% of 
traffic entering at a particular ramp will travel more than six interchanges1. 

Within a heavily used motorway, bottlenecks could occur at many locations including each entry ramp 
merge and other locations, e.g. areas with weaving and high levels of lane changing. The critical 
bottleneck is generally where flow breakdown occurs first. Other locations also need to be managed 
within the coordinated system but would be less dominant bottlenecks.  

The management and control of traffic along a length of motorway requires metering at all points 
where traffic enters the motorway. Management of all entering traffic maximises the ability to control 
and manage downstream traffic conditions. This may include: 

• Entry ramps with merging traffic 
• Entry ramps leading to an added lane 
• Collector-distributor roads entering the mainline 
• Motorway-to-motorway (system interchange) entry ramps or metering of upstream ramps on 

the intersecting motorway, as appropriate (refer Volume 2, Part 3: Section 7), and 
• The start of the motorway in some instances2. 

                                                      
1 Internal VicRoads reports relating to travel on Monash Freeway and Western Ring Road. 
2 Although not discussed in this guide consideration may need to be given to the phase times of traffic signals at 
the start of a motorway to ensure optimal dispersion of traffic and to match the required capacity of downstream 
motorway segments. 
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The general principle of managing entry ramp flows within a coordinated system is to match the 
capacity of a downstream critical bottleneck on the motorway, as shown in Figure 3-2. A critical 
bottleneck location may be static during operations or may change as traffic conditions change 
through the peak period. The system manages occupancy at critical locations and also takes into 
account the traffic leaving the motorway at exit ramps. 

 

Figure 3-2:  Metering Traffic with Coordinated Control 

 

In this example: 

∑qrn {max}  =  qcap  –  qus  +  ∑qex        where qcap is the bottleneck capacity. 

The control system would control the total flow allowed to enter the motorway, ∑qrn {max}, from the 
individual ramps to manage qr1, qr2, qr3 and qr4 according to needs at the critical bottleneck which may 
be at either a ramp merge or any other critical segment along the motorway, e.g. segment with lower 
capacity, weaving area, etc. The coordinated control is also used to balance ramp queues and delays 
as well as avoid flow breakdown at each localised entry ramp merge, i.e. each of the individual 
metered entry ramp flows would need to be managed so that the motorway capacity at each local 
ramp merge is not exceeded. 

The ramp metering signals immediately upstream of the critical bottleneck generally becomes the 
‘master’ and controls a coordinated group of ramps. Other upstream ramps are activated to become 
‘slaves’ in the coordinated group to provide assistance in managing the overall entry flows. 

In additional to localised improvements, coordinated ramp metering has the following benefits: 
• Reduces mainline demand at a bottleneck when independent control cannot manage flow;  
• Provides equity by balancing of queues and delays between a number of ramps, i.e. ‘shares 

the load’; 
• Reduces the likelihood of ramp queue overflow on short ramps by sharing the demand 

management with ramps that have more storage. 

A dynamic ramp metering system adapts to changing traffic flows on the motorway and ramps and 
can manage traffic at the local level and in a coordinated system along a motorway corridor. A 
dynamic system generally includes the following capabilities: 

• Switch-on occurs automatically when the motorway flow at a local merge or bottleneck is 
approaching unstable conditions.  

• Automated response to motorway conditions by continually adjusting ramp inflows, i.e. cycle 
times, along the route to optimise motorway occupancy as well as balancing queues and 
managing traffic delay on the ramps. A range of parameters in the control system algorithm 
can be adjusted in real time to refine the operation. 

• Enhanced capability to prevent flow breakdown occurring at bottlenecks due to uncontrolled 
demand. It also provides more effective identification of, and response to, flow breakdown 
caused by an unplanned incident and can then manage inflows to the motorway to facilitate 
faster recovery as outlined in Section 3.6. 

A fixed time signal cycle or operation with time of day settings in a dynamic system would only occur if 
there was a fault (fall-back operation) or with operator override. This form of operation can provide 
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some benefit, e.g. managing headways for ramp traffic entering the mainline flow, but has limited 
effectiveness in preventing flow breakdown and optimising motorway throughput. 

 

Note: 
Early ramp metering practice was based on selecting fixed cycle times (generally from a range of 
pre-set cycle time plans and metering rates) in response to increasing congestion. While this 
managed the headways of entering ramp traffic and delivered some benefits, it was unable to 
prevent flow breakdown where demand exceeded capacity. 

Forms of dynamic ramp metering practice attempted to time the arrival of entering vehicles to 
coincide with gaps in the left lane of the motorway. It is now known that an important determinant of 
mainline traffic flow stability is the total flow across all lanes and the corresponding density of traffic 
in the motorway. The contemporary approach considers traffic flow in all lanes across the 
carriageway considering at many downstream segments, not just the localised merge location. 
Application of a technically effective control algorithm using this contemporary approach has the 
ability to deliver optimum flow as well as balancing entry ramp flows along motorway corridors. 

The assessment of applying the contemporary approach to ramp metering considers the outflow of 
the motorway system (i.e. trips completed measured at the exit points) rather than focusing solely 
on the inflows alone. Ramp metering is good at increasing merge segment capacity, however, 
delivering too much traffic into a motorway operating near capacity or already broken down 
(congested) is not considered an effective or efficient network operating paradigm. 

 

3.3 Managing Ramp Demands 

While all ramp metering operates to control the rate of traffic entry into the motorway, there are 
situations when the control may satisfy demand and situations when the ramp demand cannot be 
satisfied. 

3.3.1 Satisfying Ramp Demands 

Ramp demands are satisfied when the entry ramp flows can be metered into the motorway flow within 
the motorway’s capacity and with acceptable limits of delay. This form of control ‘drip feeds’ entry 
ramp flows into the mainline in a way that, on average, clears entering traffic from the signalised ramp 
intersection before the next platoon of traffic arrives. Residual queuing, with acceptable delays, may 
occur on the ramp but without extending back into the ramp intersection. 

Satisfying ramp demand is the most desirable form of operation and would usually be achieved when 
the motorway flow warrants initial activation of the metering signals. As the motorway flow or ramp 
flow increases into the peak period the level of operation may progress to more restrictive forms of 
metering. 

When designing a new ramp metering installation, satisfying ramp design hourly demands is desirable 
to ensure a successful project. In practice, the permitted entry flow at each ramp will be subject to the 
variation in demand within the peak period, the motorway conditions at the time, as well as operating 
strategies relating to queuing and queue balancing (dependent on the available physical ramp 
storage) as part of the coordinated system. 

3.3.2 Not Satisfying Ramp Demands 

Ramp demands cannot be satisfied when the arrival flow on the ramp within a period is greater than 
the permitted metering rate based on the motorway conditions, i.e. on average throughout the 
analysis period (generally the peak hour), the entry ramp demand flow cannot be metered into the 
motorway flow within the motorway’s operating capacity. 

During periods of high motorway flow combined with high entry ramp demands, limiting the entry flow 
may be the only form of operation that sustains free-flow conditions on the motorway. This metering 
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operation will result in residual queuing on the ramp with high delays and may also involve queues 
extending beyond the length of the ramp back onto the surface road. 

Where long queues at ramp metering sites are anticipated during design, consideration should be 
given to measures that provide for increased storage. While managed queue overflow onto the 
surface road may be an option at some sites (refer Volume 2, Part 3: Sections 6 and 8) this should 
generally be avoided. In practice, with an effective coordinated ramp metering algorithm and 
operational strategies, ramp demands over a group of ramps can generally be balanced to optimise 
operations. 

3.4 Control Strategies and Algorithms 

3.4.1 Effective Algorithms 

The choice of appropriate control strategies and technically effective control algorithms for 
coordinated ramp metering is important if the maximum productivity of a motorway is to be realised. 
This needs to be complemented with sound analysis, an understanding of motorway flow 
characteristics and geometry and appropriately designed entry ramps to provide adequate discharge 
capacity and storage.  

Figure 3-3 illustrates the implications of a ramp metering rate that is either too high or too low. In the 
typical Flow / Occupancy fundamental diagram, the capacity flow, qcap, occurs at a critical occupancy 
value, ocr. When flow breakdown occurs, the mainline flow drops to the area of qcon (congestion). 

If the ramp flow through metering signals is too restrictive, the optimum motorway flow will not be 
achieved. If ramp metering is too permissive, mainline congestion will occur and throughput drop to 
the values of qcon. Either form of operation would impact potential ramp metering benefits as well as 
disadvantage traffic with either longer than necessary ramp queues or with mainline congestion. 

 
Source: Concept based on Euramp Metering (Euramp Project No. 507645, 2007) 

Figure 3-3:  Fundamental Diagram Indicating the Importance of Metering Rate 

To achieve the full benefits of ramp metering, a technically effective and sufficiently sophisticated 
ramp metering algorithm is required. This needs to be capable of establishing and maintaining traffic 
flows near critical occupancy, i.e. achieving an optimum flow which is just below, but near the qcap 
value (refer Figure 3-4). This is crucial to avoid the inherently unstable conditions throughout the 
system (not just at merges) and to target the provision of optimised productivity – achieving near 
capacity flows with little if any speed reductions for sustained periods. 
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Figure 3-4:  Fundamental Diagram Indicating Critical Occupancy for Ramp Metering 

3.5 Why Occupancy is Used to Manage Motorway Flow 

The Euramp Handbook of Ramp Metering (2007) developed by the European Ramp Metering Project 
has highlighted the uncertainty of mainline ‘capacity’ and summarised the conclusions from a number 
of relevant papers being: 

• (Austroads Research Report ARR 341 - Fundamental Relationships for Freeway Traffic Flows 
- Monash Freeway, 1999); 

• (Probabilistic Nature of Breakdown at Freeway Merge Junctions, 1995);  
• (Defining Highway Capacity as a Function of the Breakdown Probability, 2001); 
• (Increasing the Capacity of an Isolated Merge by Metering its On-ramp, 2005). 

These demonstrate that traffic breakdown in merge areas may occur at different flow capacity values 
qcap on different days, even under similar environmental conditions, e.g. weather, lighting. These 
capacity differences become even more pronounced in adverse weather conditions (refer to (Keen, 
Schoffield, & Hay, 1986)). 

In contrast, the critical occupancy ocr at which capacity flow occurs, was found to be fairly stable 
(Cassidy & Rudjanakanoknad, 2005) even under adverse weather conditions (Keen, Schoffield, & 
Hay, 1986); Papageorgiou et al., (2007). Also, within the flow/density and speed/flow planes of the 
fundamental diagram, it can also be seen that the same flow value can be measured at different 
occupancy and speed values. In general, average occupancy (as a proxy for density) is more 
reflective of traffic flow state and generally increases with increasing flow and reducing speed. For 
these reasons, the occupancy measurement is the most appropriate parameter for optimising 
throughput rather than speed or flow rate. 

3.6 Managing Heavy Congestion and Incidents 

Flow breakdown can be minimised on a Managed Motorway with a well-designed coordinated ramp 
metering system. However, when motorway congestion does occur, the management of the route 
requires an automated and integrated operational strategy that will minimise the worsening of 
congestion and also assist in flow recovery. 

Situations that could lead to motorway congestion include:  
• Insufficient control of entering flows including unmetered entry ramps, for example: 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 27 of 73 

 

- Unmetered motorway-to-motorway ramps (or where insufficient control is present on the 
intersecting motorway upstream of the interchange) 

- Ramps with free-flow priority access lanes (an application no longer supported by 
VicRoads) 

• The commencement of a Managed Motorway is not controlled such as locations where the 
motorway is the continuation of an unmanaged section of urban motorway / rural freeway or 
an arterial road directly feeding the start of a motorway. 

• Access control strategies or policy lead to excessive ramp flows into the mainline, e.g. a 
strategy that allows long ramp queues to be released into the mainline when there is no ability 
for the mainline to accept higher flows. 

• An incident on the motorway. 

Figure 3-5 demonstrates incident delay with cumulative vehicle arrivals and departures plotted against 
time. The shaded area between the arrivals and departures represents the vehicle delay due to an 
incident. Before the incident, the vehicle arrival rate equals the rate of the departures. After the 
incident traffic is delayed and the departure rate decreases. 

The early identification and effective management of an incident as well as actions to reduce 
motorway demand can assist in minimising the impact on traffic flow. Figure 3-6 indicates how an 
effective incident management system reduces the overall impact of an incident as well as the time 
for the motorway flow to return to normal. This is due to: 

• Faster incident detection and response that leads to earlier incident removal 
• Diverting traffic away from the incident. 

 
Source: Based on Austroads AP-R298/07 - Improving Traffic Incident Management: Evaluation Framework 

Figure 3-5:  Incident Clearance without an Incident Management System 
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Source: Based on Austroads AP-R298/07 - Improving Traffic Incident Management: Evaluation Framework 

Figure 3-6:  Incident Clearance with an Incident Management System 

An integrated approach is required to manage incidents and the corresponding heavy congestion. 
This focuses on the following complementary actions: 

3.7 Management of Entry Flows to Assist in Flow Recovery 

Motorway ramp metering can limit entry ramp flows upstream of the incident (refer Volume 1, Part 2: 
Section 3.4). This reduces the motorway flow at the incident site and also assists in diverting traffic, 
particularly if traveller information relating to travel time and incidents is provided. An automated 
response detects the onset of congestion due to oversupply of traffic or due to capacity limitations at 
the incident site. 

3.8 Closing Entry Ramps and/or the Motorway. 

In some situations managing the incident may include closing entry ramps or the motorway upstream 
of an incident. 

3.9 Traffic Diversion by Providing Traveller Information 

Some motorists will use an alternative route if travel advice is available. This can be provided by: 
• Real time driver information signs on the surface road prior to the motorway entrance (refer 

Volume 2, Part 3: Sections 6,7 and 8 and Part 4). 
• Mainline VMS to encourage motorists to leave the motorway before reaching the congested 

section. 
• Traffic condition reports from radio stations, particularly during peak periods. 

3.10 When Ramp Metering has Limited Effectiveness 

In some situations, ramp meters can have limited effectiveness in preventing congestion due to 
conditions which limit capacity or traffic flow. The following sections discuss such situations. 
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3.10.1 Planned or Unplanned Events 

• During road works if the capacity of the mainline is significantly restricted  
• During incidents where sudden congestion occurs. 

In these situations congestion management using coordinated ramp meters and traveller information 
can provide benefits for the duration of the event and can assist in flow recovery after the incident is 
cleared (refer Volume 2, Part 3: Sections 6, 7 and 8 and Part 4). 

3.10.2 Inadequate Traffic Management 

When some entries to a motorway are uncontrolled, situations can arise where the unmanaged flows 
dominate the motorway flow and limit the ability of ramp meters to prevent flow breakdown. In this 
situation, excessive restriction of entry flows would result in inequitable access to the motorway and 
excessive ramp delays on metered entries. 

3.10.3 Inadequate Infrastructure 

Where a motorway terminates at a surface road intersection with limited capacity. If traffic cannot be 
accommodated at the end of the motorway, queues and congestion develop on the motorway 
mainline as shown in Figure 3-7. Upstream ramp metering cannot increase the motorway throughput 
at this point as the intersection at the end of the motorway controls and limits the capacity. Although 
upstream metering would be able to reduce the extent of queuing, this could result in excessive entry 
ramp delays, unnecessary restriction of trips to upstream exits and underutilisation of the upstream 
sections of motorway. 

However, in this situation the provision of upstream coordinated ramp meters would still make a 
contribution to improving the overall motorway safety and throughput by providing other benefits such 
as: 

• Headway management at upstream ramps to improve local merging. 
• Preventing flow breakdown on upstream sections of the motorway at ramp merges and other 

critical bottlenecks – refer Figure 3-8. 
• Balancing entry ramp queues and delays in the coordinated system. 

Where queues from the end of the motorway extend beyond an upstream exit, coordinated ramp 
metering signals could also assist in managing upstream entry flows to keep the exit clear. 

 

Figure 3-7:  Motorway Congestion at a Terminating Motorway 
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Figure 3-8:  Congestion at Terminating Motorway showing other unrelated flow breakdown that 
would benefit from motorway management 

Where an exit ramp or exit ramp intersection has inadequate capacity and queues extend back onto 
the motorway and block a motorway lane as shown in Figure 3-9. The management of exit ramp 
overflow queues is discussed in Volume 2, Part 3: Section 8. 

 
Figure 3-9:  Motorway Congestion from an Exit Ramp 

Theoretically, ramp metering by (grouped) destination could alleviate the above problems but would 
require lane designation on the entry ramps, separate meters / metering by destination etc. 
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4 The Operation of Ramp Meters 
A general level of information is provided in this chapter relating to the operation of ramp 
meters including Motorway to Motorway ramp meters. 

4.1 Legal Basis for Ramp Meters 

Ramp Meters are traffic lights as defined in Road Safety Road Rules 2009. Rule No. 56 defines a 
driver’s responsibilities when approaching, or at, a red or yellow traffic light. Other rules define 
responsibilities relating to the stop line and other regulatory signs and pavement markings associated 
with ramp meters. 

A traffic signal is a Major Traffic Control Device (MTCI) as defined in Road Safety (Traffic 
Management) Regulations 2009. VicRoads must give approval to erect, establish, display, maintain or 
remove ramp meters. 

The approval process for freeway ramp signals requires the provision of detailed Traffic Signal Plans, 
in an equivalent format used for signalised intersections, showing the traffic signals, ramp geometry 
and associated traffic control and warning devices (some of which are also MTCI’s requiring itemised 
approval). Such plans are required to demonstrate that the design requirements in Volume 2, Part 3 
have been appropriately considered and incorporated and to enable VicRoads operations to 
undertake required operational configuration and tuning actions. 

4.2 Control Algorithms Used by VicRoads 

The HERO- LIVE ramp metering control algorithms used by VicRoads on motorways in Victoria is 
based on the HERO / ALINEA suite of ramp metering control algorithms (refer to Section 4.2.1). The 
original ALINEA control philosophy which provides local control at an individual motorway entry ramp 
was developed by Markos Papageorgiou, et al (1991), (1997). 

HERO-LIVE is an advanced suite of integrated control engineering tools which are robust in real-
world (LIVE) operations where traffic conditions can be very complex to understand, where chaotic 
micro-conditions arise, some of which may not be seen in common aggregated freeway data.  While 
some algorithms can perform well within offline traffic models, taking account of real-world problems is 
more complicated. Real-world operations need to consider and cope with the effects of rapid changes 
in traffic patterns (e.g. micro origin-destination patterns and demands), vehicle mix, impacts of 
geometric features, understanding the effects of incidents There is also the need to handle real-time 
data errors, noisy data and data drop outs etc. which requires advanced levels of real-time statistical 
processing and evaluation for every 20 second time step. 

HERO-LIVE incorporates a suite of ALINEA modules that was developed for coordination of ramp 
meters at a number of coordinated ramps along a length of motorway.  In cooperation with Markos 
Papageorgiou and Associates, VicRoads has been involved in ongoing development of the algorithms 
with a significant number of enhancements to the algorithms and new modules, since the initial on-
road trial in 2008. These enhancements specifically seek to solve unique problems encountered on 
complex urban motorways and have made significant advancements from a reactive coordinated 
ramp metering system towards a City Wide Coordinated Ramp Metering (CWCRM) system that 
optimises motorway networks within the urban road network (e.g. a network comprising motorways 
and arterial roads). 

The HERO-LIVE suite, which is fully deployed in the field, has proven performance improvements 
based on utilisation of the following features: 

• Dynamic start up and shut down algorithms that ensure the system only operates when 
required; 
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• Consistency with contemporary traffic theory for optimising motorway flow; 
• The contemporary control logic is based on feedback from downstream conditions in real-time 

to dynamically adjust signal cycle times; 
• Use of occupancy from the downstream motorway bottleneck locations as the optimising 

measure; 
• Transparent in operation with fully configurable parameters; 
• Integrated operation of local ramp control within a coordinated system based on sound 

operating rationale; 
• Incorporation of modules for adjustments to entry flow rates based on consideration of ramp 

queues, and arterial road queues in some cases, as well as ramp delays; 
• Potential to manage flow at motorway to motorway interchanges by linking upstream ramps 

on separate motorways; 
• Ability to manage bottlenecks many kilometres (3 to 4 km) downstream from the nearest 

ramp; and 
• Potential for management of multiple bottlenecks to adaptively determine and target the 

critical bottleneck. 

The adoption of an efficient control algorithm suite is of paramount importance for a successful ramp 
metering system. Designing and installing the necessary entry ramp layouts and field 
equipment is necessary and important, but these components are not sufficient in themselves 
for successful operations – effective control algorithms appropriately integrated are required. 
As discussed in Volume 1, Part 5 the management of any road system requires intentional 
intervention, particularly when the system is operating close to capacity.  It should no longer 
acceptable to road agencies to wait until the system has broken down (failed) before interventions 
occur.  As discussed in Volume 1, Parts 2 and 3: there are clearly definable metrics for which to 
design and operate motorway networks with a low chance of failure, and thus various components of 
the control system need to activate as certain target metrics are approached to limit flows within parts 
of the network to their optimal level to reduce the risk of failure.  As discussed in Volume 1, Part 2 it is 
possible to achieve productivity (volume x speed) outcomes in the order of 50% higher if motorways 
networks are optimised in real-time. 

4.2.1 HERO-LIVE Coordinated Ramp Metering Operation 

The HERO-LIVE suite of algorithms is a comprehensive and complete concept (and corresponding 
implementation software) that applies coordinated ramp metering to motorway networks of arbitrary 
size, topology and characteristics. A central software installation at the coordinating road authority 
suffices for the coordinated ramp metering control of all equipped motorways network-wide facilitated 
through entry / connector ramp signals that are directly controlled by the system and operated by 
ramp metering optimisation specialists. 

All specific data related to the network, the controllable entry-ramps and the real-time traffic conditions 
are communicated to the central software and made accessible via the STREAMS graphical user 
interface (GUI). Extensions of the motorway network under control or addition of new controlled 
ramps may be easily accommodated using the GUI. After its configuration, HERO-LIVE operates 
automatically without the need for operator interventions, except for specialist analysis, fine-tuning, 
checking for detector faults etc. Operator intervention is also possible for incident and emergency 
situations. 

HERO-LIVE is fully traffic-responsive (with configurable update period that may be selected as short 
as 20 seconds) and adapts automatically to the prevailing traffic conditions aiming at maximising 
stable motorway throughput; while, at the same time, monitoring the current situation at the on-ramps 
and limiting any incurred vehicle queues or waiting times. HERO-LIVE uses real-time measurements 
from multiple locations on the motorway network and from the on-ramps and dynamically adjusts the 
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ramp meter cycle times. Particular attention is paid to latent motorway bottlenecks, which are the 
typical triggers of flow break down and traffic congestion, and appropriate ramp metering actions are 
initiated, whenever necessary, to target the prevention of traffic breakdown and delivery of sustained 
near capacity flows based on the integrated robust feedback control methods. 

The HERO-LIVE algorithms have been conceived based on the latest insights of contemporary traffic 
flow theory for optimising motorway flow; moreover, they apply a variety of powerful and proven 
automatic control methods that guarantee stable, robust and efficient operation on the basis of 
feedback principles. This distinguishes HERO-LIVE from any approaches based on heuristic 
constructions or lack the fundamental feedback control principles. In addition to the theoretically 
sound background, HERO-LIVE decisions are transparent in operation, which enables operators to be 
fully aware at any time about the reasons behind the employed control actions. 

Motorway bottlenecks may be due to the merge of an entry ramp, but may also be a result of other 
geometric or traffic factors, such as merging at a lane drop, a steep upgrade, a tight-radius curve, a 
bridge, a tunnel, reduced lane widths or areas with high weaving or lane changing movements, e.g. 
just upstream of a lane gain or high-flow exit ramp. 

Traffic occupancy at mainline bottlenecks (detection locations in this control context) is the principal 
real-time measurement used to manage traffic flow on the motorway so as to optimise throughput and 
prevent flow breakdown and resulting congested traffic conditions. As average lane occupancy on the 
mainline approaches a value that may be unstable, ramp entry flows are controlled appropriately to 
regulate the mainline occupancy to an optimised value. Such actions are enabled simultaneously at 
multiple locations of the extended motorway network if needed. The availability of accurate and 
reliable traffic data for specific metrics from vehicle detectors meeting VicRoads performance 
requirements is essential. 

4.2.2 HERO-LIVE Modules  

The HERO-LIVE suite of algorithms manages the ramp traffic flow entering the motorway by 
monitoring and controlling the motorway flow at each ramp merge as well as other critical bottlenecks. 
Ramp discharge flow calculations are based on various modules providing outputs for isolated and 
coordinated operation as shown in Figure 4-1. It is noted that in order to protect Intellectual Property 
(IP) the descriptions on the following pages are limited to what has already been published in the 
public domain.  

 

Figure 4-1:  HERO-LIVE Coordinated Ramp Control Structure 
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The algorithms uses flow, speed and occupancy data in various modules summarised below. 

Activation / Deactivation 

This module switches the motorway ramp meters on according to pre-set traffic flow, occupancy and 
speed thresholds at the mainline bottleneck locations downstream of the ramp. The ramp meters are 
switched off according to pre-set occupancy and speed thresholds. Activation and deactivation is 
independently controlled at each ramp within a coordinated system. The thresholds are set with the 
intention of turning on the signal control before the onset of flow breakdown and turning the metering 
signals off when traffic flow conditions indicate that flow breakdown is unlikely. 

ALINEA Core Module 

A form of this module calculates the necessary ramp flow at each entry ramp for local maximisation of 
mainstream throughput according to the ALINEA feedback control algorithm, appropriately extended 
to enable the handling of multiple local bottlenecks simultaneously. The calculation uses the average 
mainstream occupancy measurement downstream of the merge (and at multiple downstream 
bottlenecks) relative to targeted critical occupancy values, at which the bottleneck throughput is 
maximised. The targeted critical occupancy at a mainline bottleneck is either set by the user or it is 
dynamically calculated by the critical occupancy estimation module. 

Critical Occupancy Estimation Module 

This module calculates the critical occupancy at motorway bottlenecks. Where and when this module 
is activated, the estimated value is used in the ALINEA core module as the targeted critical 
occupancy value. The adjustment of the critical occupancy value considers the flow / occupancy 
relationship that optimises capacity and prevents flow breakdown, as well as the path of flow recovery 
if flow breakdown has occurred. 

Queue Estimation Module 

For each controlled entry ramp, this module uses the flow measurements of the ramp entrance and 
ramp exit detectors, as well as the average occupancy of the detectors in the middle of the ramp to 
calculate an estimate of the current queue length on the ramp. 

Demand Estimation / Prediction Module 

This module estimates the arriving ramp demand and makes a short-term prediction based on past 
values of flow measurements on the ramp. 

Waiting Time Estimation Module 

This module estimates the waiting time (ramp delay) caused due to ramp meters operation based on 
past values of the ramp demand and the recent signal control operation. Options for approximate or 
exact estimation are provided. 

Queue Control Module 

For each controlled ramp, this module uses the estimate of the queue length of the ramp (calculated 
by the queue estimation module) and the ramp demand in order to calculate a desired ramp exit flow 
to minimise the risk of queue overspill. This flow value needs to be determined so that traffic can still 
be absorbed into the mainline, so as to minimise the potential for causing flow breakdown on the 
mainline. 

Queue Override Module 

This module enables the ramp entrance/surface road interface to be managed. In the event that the 
ramp queue will exceed the available ramp storage, a pre-specified ramp exit flow is activated to 
increase the metering rate. This ramp exit flow value needs to be determined so as to avoid an 
excessive inflow of traffic to the mainline that may trigger flow breakdown. While optimising the 
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motorway throughput has benefits to the road network as a whole, consideration may also need to be 
given to the implications of ramp queues extending onto the surface road. 

Waiting Time Control Module 

This module uses the waiting time estimate provided by the Waiting Time Estimation module to 
calculate the desired ramp flow in order to achieve a waiting time on the ramp that is less than a pre-
specified maximum waiting time value.  

HERO Coordinated Ramp Operation 

The HERO module coordinates local ramp metering actions in order to enable efficient mainline 
control despite limited ramp storage spaces, while balancing ramp queues and providing equity 
between ramps in a coordinated system. 

HERO is activated when a ramp operating under local control experiences queues that meet pre-set 
thresholds, based on the available ramp storage. In this event, the ramp becomes a ‘master’ and 
engages, step-by-step, upstream ramps as ‘slaves.’  The algorithm then balances queues between 
the ramps. Such clusters of coordinated ramps are created wherever and whenever necessary and 
may be handled simultaneously at multiple motorway locations, as required. 

While the system is operating in a coordinated manner under HERO, control using ALINEA and 
related algorithms at each individual ramp continues according to local needs. 

Minimum Queue Control Module 

When coordinated ramp metering is in operation, i.e. HERO has been activated, this module uses the 
estimate of the ramp queue length and the ramp demand to calculate a desired metered flow rate so 
that the minimum queue calculated by HERO is implemented. This calculation aims to make best use 
of available storage on coordinated ramps and to balance queues between the ramps. 

Final Ramp Flow Specification Module 

This module calculates the final ramp exit flow to be applied to a ramp at the next control period. In 
the case of local ramp metering, the final ramp flow decision is based on exit flow values calculated 
by ALINEA as well as consideration of the various flow values to address ramp queue and waiting 
time on the ramp. In the case of coordinated ramp metering, the final ramp flow is based on ALINEA 
as well as individual ramp queues and the balancing of queues between ramps. The final flow rate 
may also be adjusted to be within pre-specified minimum and maximum flow rates. 

Implementation Module 

The implementation module calculates the cycle time (sum of green, yellow and red) that corresponds 
to the final ramp flow, considering the number of lanes at the stop line. The implemented cycle time is 
changed for each control period within pre-specified increments for cycle time increases and 
decreases.  

4.3 Ramp Meter Operational Modes 

4.3.1 Ramp Meters - Off (Default) 

When ramp meters are not operating (default situation), the ramp, including the auxiliary storage 
lanes, are managed with VSL signs set to default speed limits, i.e. the VSL signs will be always on 
and displaying the speed limit appropriate to the operating state at that time. On motorway to 
Motorway ramp meters the display for warning VMS on the ramp (RC2-C) will be blank unless 
required for other relevant traffic situations, e.g. during an incident and the display on the mainline 
warning VMS for exiting motorists (RC3-C) will be blank unless required for some other relevant traffic 
situation.01 
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4.3.2 Times of Operation 

Ramp metering operating at an isolated ramp or within a coordinated system may be activated in a 
number of ways. 

Dynamic Activation and Deactivation 

The dynamic switch-on and switch-off of ramp meters is based on the prevailing motorway traffic 
conditions. A dynamic system provides traffic responsive operation that activates the ramp meter 
signals at any time when warranted by the motorway traffic flow conditions that could lead to the 
onset of flow breakdown. The activation and deactivation thresholds are set uniquely for each ramp / 
bottleneck during the manual fine tuning of the system. 

The switch-on criteria are based on a combination of speed, occupancy and/or volume. Different 
criteria are used for starting up and switching off the ramp meter signals. The switching on criteria are 
usually set at an predetermined threshold (determined from analysis of historical conditions) to be 
sure that the signals start up to keep the motorway flow stable and well before the motorway flow 
collapses. The criteria need to be comprehensive to avoid the signals switching on at an inappropriate 
time, e.g. high occupancy and low speeds may occur at night due to a slow moving maintenance 
vehicle which may even sometimes stop on a detector. Usually, stronger criteria are used for 
switching off the signals to ensure the signals will not start up again soon after the deactivation. 

Time of Day Activation 

Although no longer broadly used by VicRoads for a primary control tool, time-of-day activation may be 
used according to critical periods, generally morning and evening weekday peak periods. Scheduled 
start-up and close-down times are chosen following an analysis of motorway and entry ramp flows 
during the peak periods and their respective shoulder periods. Typical times of operation would be 
6:00am to 10:00am for the AM peak period and between 3:00pm and 7:00pm for the PM peak period. 
Other times may also be scheduled to cover known occasions outside weekday peak periods where 
data shows that the motorway service is at risk, e.g. Saturday shopping periods or special events. 

Time of day parameters may also limit the times within which dynamic activation and deactivation may  
occur. Under this operation the metering signals may or may not switch on, depending on whether the 
criteria are met. This form of control for activation is advisable during the initial operation of a new 
coordinated system and when testing criteria for full dynamic activation. 

During Incidents and Events 

During periods of light traffic flow on the motorway (when the metering signals would normally be off), 
there may be advantages in using the signals to manage the headway of entering traffic or to manage 
the traffic flow. This may be necessary at times of a lane closure or traffic flow breakdown due to 
planned or unplanned incidents, e.g. roadworks, crashes etc., to assist in traffic management and/or 
to facilitate flow recovery (refer Volume 1, Part 2). 

Manual Operation 

At any time when considered warranted, VicRoads is able to manually switch on the ramp metering 
signals, override the dynamic operation or switch the metering signals off. 

Manual operation of other traffic management devices, e.g. speed limit and lane control signs, RC2-C 
VMS and RC3-C VMS, including modification of displayed messages is also subject to VicRoads 
manual control, if warranted. Manual operation within the constraints of the system overrides default 
and dynamic operation. 

4.3.3 Faults and Device Failures 

During a communications failure (power still available), operation of the ramp metering would occur 
using pre-determined fixed time signal cycles which are suitable to the day of the week and time of 
day.  In this situation VicRoads is to initiate close monitoring of the system as well as surveillance with 
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CCTV cameras.  These signal timings are reviewed periodically to ensure their appropriateness 
relative to changing traffic conditions over time. 

With failure of advance devices at two or more locations upstream of the ramp meters, e.g. warning 
signs (RC2-C), speed limit signs or VMS (RC3-C), the ramp metering signals will not switch on, or if 
already on, the ramp metering signals will switch off. 

4.4 Switching on /off Signs and Signals 

4.4.1 Start-up Sequence 

The sequence for switching on typical ramp meters and associated ramp control and warning signs is 
shown in Figure 4-2. Details for start-up for motorway to motorway ramps is shown in Figure 4-3. Prior 
to start up the signals and RC1 and RC2 signs have no display. 

1. Switch Sign RC1 and Sign RC2 to ‘RAMP SIGNALS ON’ and activate the signals to ‘flashing 
yellow’ for 10 seconds. Activate the reduced speed limit (if applicable). 

2. Switch on the alternating messages on Sign RC2, if provided, and switch traffic signals to 
‘solid yellow’ for 4 seconds. 

3. Switch traffic signals to ‘solid red’ for 6 seconds. 
4. Commence the metering cycle with the initial green and continue the metering. 

For locations where combined overhead variable speed limit and lane control (VSL/LC) signs are 
provided on motorway to motorway metered ramps, the sequence in Figure 4-3 shows the default 
arrangements for lane status, i.e. displaying a speed value indicates the lane is open to traffic. 
Operational scenarios may exist where lanes are closed and speeds reduced due to an incident or 
other on-road event. Under such circumstances, ramp metering may still be permitted to start-up, 
however, the control system will manage a combined response to show closed lanes and other speed 
values based on appropriately arbitrated symbol / speed value priority. (The same principle also 
applies to VSL/LC signs during the close-down sequence for motorway to motorway ramp shown in 
Figure 4-5.) 
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 Device Operation 
and Time RC1 Sign RC2 Sign Signals 

1. 

Prior to ‘Start Up’ 
 
Signals: Off 
Signs:    Off 
  

  

2. 

‘Start up’ Period 
(10 seconds) 
 
Signals: Flashing 

yellow 
Signs: ‘Ramp Signals 

On’ 
 

 

 
 

Flashing 
Yellow 

3. 

‘Start up’ Period 
(next 4 seconds) 
 
Signals: Solid Yellow 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating 

 

 
 

Alternating Messages 
 

Solid Yellow 

4. 

‘Start up’ Period 
(next 6 seconds) 
 
Signals: Solid Red 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating 

 

 
 

Alternating Messages 
 

Solid Red 

5. 

Signals Commence 
Metering 
 
Signals: Green-Yellow-

Red 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating  

 

 
 

Alternating Messages 

 
Green-

Yellow-Red 

Figure 4-2:  Start-up Control Sequence – Typical Ramp Meter 

  



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 39 of 73 

 

 Device Operation 
and Time 

RC1, 
Mainline RC3-C 

RC2,  RC2-C  and  VSL / Overhead 
Lane Control (LC) Signals 

1. 

Prior to ‘Start Up’ 
 
Signals: Off 
Signs:    Off 
VSL/LC: Default value 

for all lanes  
Mainline VMS: Default 

 
 

 

 
 

 
Note: The number of lanes and layout of 

devices varies for each ramp. 

 

2. 

‘Start up’ Period 
(10 seconds) 
 
Signals: Flashing 

yellow 
Signs: ‘Ramp Signals 

On’ 
VSL/LC: Reduced on all 

lanes 
Mainline VMS: ‘Ramp 

Signals On’ 

 
 

 
 

 
 

 
Note: The number of lanes and layout of 

devices varies for each ramp. 

 
Flashing 
Yellow 

3. 

‘Start up’ Period 
(next 4 seconds) 
 
Signals: Solid Yellow 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating 

VSL/LC: Reduced on all 
lanes 

Mainline VMS: ‘Ramp 
Signals On’ 

 
 

 

 
 

Alternating Messages 

 
Solid Yellow 

4. 

‘Start up’ Period 
(next 6 seconds) 
 
Signals: Solid Red 
Signs: Refer Step 3. 
VSL/LC: Refer 

Step 3. 
Mainline VMS: Refer 

Step 3. 

 
 

 

 
 

Alternating Messages 

 
Solid Red 

5. 

Signals Commence 
Metering 
 
Signals: Green-Yellow-

Red 
Signs: Refer Step 3. 
VSL/LC: Refer 

Step 3. 
Mainline VMS: Refer 

Step 3. 

 
 

 

 
 

Alternating Messages 

 
Green-

Yellow-Red 

Figure 4-3: Ramp Meters Start-Up Control Sequence – Motorway to Motorway Ramp Meter 
3 
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4.4.2 Close-down Sequence 
The sequence for switching off the signals is shown in Figure 4-4 and described below. Details 
for switching off motorway to motorway ramp signals is shown in Figure 4-5. 

1.  Activate traffic signals to ‘flashing yellow’ and switch Sign RC2, if provided, to ‘Ramp Signals 
ON’ only (no alternating message) for 10 seconds. 

2.  Switch off Sign RC1, Sign RC2, the ‘flashing yellow’ of the signals and return the speed limit 
to default or other override value (if applicable). 

 

 Device Operation 
and Time RC1 RC2 Signals 

1. 

Signals Metering 
(Prior to ‘Close 
Down’) 
 
Signals: Green-Yellow-

Red 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating 

 
 

Alternating Messages 

 

Green-
Yellow-Red 

2. 

‘Close Down’ 
Commences 
(10 seconds) 
 
Signals: Flashing 

yellow 
Signs: ‘Ramp Signals 

On’ 

 

 

 

Flashing 
Yellow 

3. 

Switch off Signals 
(Close Down 
complete) 
 
Signals: Off 
Signs:    Off 

 

 
 

Signals off 

Figure 4-4:  Close-down Control Sequence - Typical Ramp Meter 
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 Device Operation 
and Time 

RC1, 
Mainline RC3-C 

RC2,  RC2-C  and  VSL / Overhead 
Lane Control (LUMS) Signals 

1. 

Signals Metering 
(Prior to ‘Close 
Down’) 
 
Signals: Green-Yellow-

Red 
Signs: ‘Ramp Signals 

On’ / ‘Prepare to 
Stop’ alternating 

VSL/LC: Reduced on all 
lanes 

Mainline VMS: ‘Ramp 
Signals On’ 

 

 

 

 
Alternating Messages 

 

 

 

Green-
Yellow-Red 

2. 

‘Close Down’ 
Commences 
(10 seconds) 
 
Signals: Flashing 

yellow 
Signs: ‘Ramp Signals 

On’ 
VSL/LC: Reduced on all 

lanes 
Mainline VMS: ‘Ramp 

Signals On’. 

 

 

 

 
 

 
Note: The number of lanes and layout of 

devices varies for each ramp. 

 

Flashing 
Yellow 

3. 

Switch off Signals 
(Close Down 
complete) 
 
Signals: Off 
Signs:    Off 
VSL/LC: Default on all 

lanes 
Mainline VMS: Default 

 

 

 

 
 

 
Note: The number of lanes and layout of 

devices varies for each ramp. 

 

Signals off 

Figure 4-5:  Close-down Control Sequence – Motorway to Motorway Ramp Meter 

4.5 Operating Sequence and Cycle Times (not used for design) 

4.5.1 Signal Timings 

Ramp metering operation, which is considered differently to ramp metering design, has a variable 
cycle time generally in the range 4.0 to 20 seconds according to the determined metering rate. The 
sequence times based on one vehicle per green per lane are: 

• Red Variable – generally within the range 2.0 to 18 seconds 
• Green 1.3 seconds 
• Yellow 0.7 seconds. 

Ramp metering design uses a average cycle time as the basis for design (e.g. an average cycle time 
of 7.5 seconds).  In operations cycle times will be variable changing as often as every 2- seconds 
around an average to accommodate fluctuations in demand within the network in real time.  
Designers shall not nominate a lower cycle time than specified in Volume 2, Part 3: Section 6.2, in an 
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attempt to discharge higher flow rates into the motorway for the purposes of reducing storage 
provision. Such an approach reduces the necessary flexibility in operation and ramps are to be 
designed on the bases of ramp flows that can be achieved over a one hour period (e.g. utilising an 
average cycle times of 7.5 seconds – refer Volume 2, Part 3: Section 6.2 for further details). 

During ramp metering operations, when there are no vehicles waiting at the stop line, the signals are 
to be held on red. This prevents the signals cycling when there are no waiting vehicles and helps to 
avoid driver confusion in relation to timing their arrival and deciding whether to stop or not. 

The operation of more than 1 vehicle per green per lane (e.g. 2 or 3 vehicles per green per lane) has 
not been permanently implemented in Australia, although it has been used internationally (refer 
Volume 2, Part 3: Section 6.2). Generally, it is desirable to release a single vehicle per green per lane, 
even if shorter cycle times need to be adopted. 

Note: 
Providing separate alternating green signals for each lane to separate the departure of vehicles 
from the stop line is not endorsed for use at this stage. Although this practice has been used in 
some instances overseas, evidence is lacking on whether the operations are advantageous to 
performance outcomes. Observations of current operation with the simultaneous release of 
vehicles from the stop line indicates that motorists are able to adjust their position relative to other 
vehicles leaving the stop line and that separation and merging when entering the mainline is also 
satisfactory. Applying alternating release to metering locations with three or more lanes can limit 
minimum cycles times and potentially confuse motorists about when to proceed as cycle times vary 
dynamically. 

 

The entry ramp flows that result from a range of cycle times with varying lane arrangements at the 
stop line are shown in Table 4.1. In practice, within a dynamic system the cycle time is based on the 
ability of the freeway to accommodate entering traffic. The signals apply to all lanes at the stop line. 

Pre-set time of day signal cycle settings are used as a ‘fall back’ mode when a dynamic system 
experiences a fault and fail safe mode is activated. 

4.5.2 Minimum Cycle Time (Operations) 

The general minimum cycle time that provides a high entry ramp flow is 5 seconds for a ramp leading 
to a motorway merge. A general minimum cycle time of 4 seconds could be considered when ramp 
traffic enters the motorway via an added lane(s) – shaded yellow in Table 4.1. The minimum cycle 
time would generally be observed to operate under light mainline conditions, e.g. during the fringe of 
the peak periods or where the upstream mainline motorway flow is interrupted due to an unplanned 
incident. However, low cycle time values are not appropriate in design as an average value over the 
design hour (refer Volume 2, Part 3: Section 6.2).  

Cycle times lower than the minimum indicated are not generally recommended as this could approach 
a situation where the discharge of vehicles is almost continuous and the metering is relatively 
ineffective in managing headway. However, lower cycle times during operations under certain 
conditions may be appropriate subject to trial and assessment of driver behaviour. 

4.5.3 Maximum Cycle Time (Operations) 

The general maximum cycle time that provides a low entry ramp flow is 16 seconds and would be 
implemented when freeway mainline flow is close to or above critical values of occupancy. Higher 
cycle times, shaded pink in Table 4.1, may be implemented subject to adopted operational 
management strategies and driver acceptance, such as in situations of very heavy motorway 
congestion, during an incident or when the motorway is recovering from an incident (refer Volume 1, 
Part 2). 
105 

sec) Cycles per hour 
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(No 

 

 

Table 4.1:  Equivalent Hourly Ramp Flows relative to Cycle Time and Lanes at the Stop Line for 
operations 
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5 Ramp Signals Integration with other Managed 

Motorway Operations 

5.1 Ramp Signals Response to a Lane Closure 

When an incident results in a lane closure, this induces a significant bottleneck that would generally 
have a major adverse impact on traffic flow. Lane closures of this nature are random and variable in 
relation to nominated (pre-set) bottlenecks within the setup of the freeway ramp signals. A lane 
closure activated by the lane use management system (LUMS) or at other locations not controlled by 
LUMS, restricts the number of lanes for the traffic flow. 

When a lane closure occurs, the motorway management system can provide the number of lanes 
available at a relevant bottleneck location and / or utilise flow weighted data inputs to control 
algorithms. The lane closure situation is addressed within the control algorithm to determine the 
critical bottleneck from a number of potential downstream bottlenecks. The multiple bottleneck 
capability within the algorithm will automatically evaluate the critical flow conditions and regulate the 
ramp flow accordingly. 

5.2 Ramp Signals Response to Changing Speed Limits 

Freeway ramp signals switch on and off automatically within thresholds based on freeway flow, travel 
speed and occupancy. When the freeway speed limit is reduced by a variable speed limit system 
(VSLS), the ramp signals could activate unnecessarily under fixed value activating parameters. 

In a managed motorway, a variable speed limit lower than the default speed may be activated in 
concert with LUMS or for other reasons, e.g. high winds on a bridge. The lower travel speed of traffic 
may affect pre-set values for activation and deactivation of the freeway ramp signals. To ensure that 
ramp metering is not falsely triggered by a reduced speed limit alone, the freeway management 
system can provide the current speed limit value for calculations associated with the ramp signals and 
also use complementary real-time measures to determine the need to start-up. 

5.3 Ramp Signals Response to a Freeway Closure 

When an event requires a ramp closure, either of the ramp or the downstream section of freeway, the 
following operation will occur: 

• The Real Time Information Signs (RC3) will display the appropriate freeway closed message 
as outlined in the Managed Freeways Handbook for Lane Use Management, Variable Speed 
Limits and Traveller Information (VicRoads, 2013), and 

• •The RC1 sign will display a FREEWAY CLOSED message alternating with a symbolic No 
Right Turn / No Left Turn / No Entry sign or Special message as appropriate, and 

• •The freeway ramp signals will switch off by initiating the usual close-down sequence. 
Switching off the signals enables vehicles already on the ramp to clear so that an emergency 
vehicle can enter, if necessary. Switching the signals off also avoids vehicles being trapped 
on the ramp. Further entry of vehicles is restricted by the RC1 and RC3 signs. 

The ramp closure operation may be activated manually or automatically as part of an incident 
response. Reopening of the ramp may also be initiated manually or automatically when there is no 
longer a need for the closure. When the freeway ramp is reopened to traffic the system would return 
to default ramp operation, i.e. subject to traffic needs at the time, the ramp signals start-up operation 
may or may not occur. 
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5.4 Emergency Vehicle Access when Ramp Signals are 

Operating 

The queues at ramp signals may present problems for emergency vehicle access during an incident 
where the ramp is not closed as part of the incident response. Where an emergency vehicle requires 
access at a particular ramp, the emergency service will need to contact the Traffic Management 
Centre (TMC). 

To provide uninterrupted access for the emergency vehicle the TMC operator will manually turn off 
the ramp signals to clear the ramp queue. After entry of the emergency vehicle the operator would 
then re-enable the ramp signals to continue the metering. 
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6 Benefits of Ramp Metering 

6.1 Qualitative Benefits 

There are a number of qualitative benefits that result from ramp metering. These include: 

• Reduced overall trip delay for users of the road network. 
• A more reliable service to motorway users. 
• Reduced number of mainline traffic incidents and the consequential impacts of crashes. 
• Increased motorway throughput at critical times and locations. 
• Enhanced overall road network travel times. The gain in better operation of the motorway 

more than offsets the additional time taken for traffic to enter the motorway. The efficient and 
higher capacity motorway operation also improves the road network performance as a whole. 

• Equitable use of the road network including distribution of traffic consistent with infrastructure 
capacity and discouraging the use of the motorway system for short trips during periods of 
high flow. 

• Improved road safety due to safer management of merging traffic and more stable motorway 
travel, i.e. reduction in stop-start traffic conditions. 

• Reduced fuel consumption and emissions as a result of efficient travel conditions. 

6.2 Quantitative Benefits for the Motorway – Monash Freeway 

Example 

The VicRoads Before and After Study of the Monash Freeway Managed Motorways (Managed 
Motorway Framework, 2017) showed reduced congestion and improved safety over the 5-year 
periods measured before and after the upgrade project over a freeway length of 25.5km spanning 14 
interchanges.  

6.2.1 Traffic Throughput and Travel Speed 

There are significant quantitative benefits that result from preventing flow breakdown with coordinated 
ramp metering operations. Based on the Monash-CityLink-West Gate (M1) Upgrade project, the 
operational capacity performance benefits documented in the VicRoads Managed Motorways 
Framework (2017) included an increase in carriageway flows greater than 56% for the length widened 
from 3 lanes to 4 lanes as shown in Figure 6-1. Widening may have accounted for an increase in the 
order of say 33% (potentially less due to lower lane capacities for 4-lane motorways), i.e. over 23% 
increased capacity attributed to the HERO-LIVE coordinated ramp metering. The increases in flow 
and speed also resulted in increased productivity. 
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Figure 6-1:  Monash Freeway Summary of Increases in Volumes and Speed 

6.2.2 Safer Operation 

There are significant quantitative safety benefits that result from improved operation with coordinated 
ramp metering signals.  The VicRoads study showed that crash numbers, crash rates and severity all 
reduced despite the busiest sections having more than 60,000 additional vehicles per day in the ‘after’ 
period. Other studies have previously shown the adverse safety effects of congested motorways, (e.g. 
(Golob T, Recker W. Alvarez V, 2003)) and hence imply that maintaining smoother traffic is likely to 
improve safety. 

The VicRoads study showed the following safety benefits: 
• Reductions in casualty crash numbers (fatal, serious and other injury) as well as the crash 

rate as shown in Figure 6-2.  This is discussed in detail in Volume 1, Part 4. 
• A reduction in crash rates as shown in Figure 6-3, even though crash rates on other 

unmanaged Melbourne motorways generally increased. This was achieved even with 
significantly higher average speeds (+20km/h).  

More recent studies of motorway crashes are contain in Volume 1, Part 4 where the relationship 
between “Traffic State” and crashes has been explored which reveals further potential for ramp meter 
and DVSL operations to activate earlier to avoid crashes. 
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Figure 6-2:  Monash Freeway Crash History: Before and After Upgrade 

 

Figure 6-3:  Crash Rates on Melbourne’s Urban Motorway Network 

6.2.3 Quantitative Benefits for the Arterial Road Network 

The benefits of managed motorways with coordinated ramp metering to achieve higher sustainable 
motorway flows has also been demonstrated in the context of the adjacent and broader arterial road 
network. These studies include: 

• The business case modelling undertaken for the Monash-CityLink-West Gate (M1) Upgrade 
project to justify the project benefits demonstrated that with a 10% increase in efficiency on 
the motorway, and a 30% increase in efficiency was shown on the broader arterial road 
network when the motorway is operated at a higher productivity (flow x speed). 

• Study by Haj-Salem & Papageorgiou (Hadj-Salem & Papageorgiou, 1995) where field trial 
results are reported when applying a ramp metering strategy to an urban corridor network 
(Corridor Périphérique in Paris) including a motorway, a parallel arterial, and connecting radial 
streets. The impact of ramp metering on corridor traffic is studied by comparative evaluation 
of several performance indices in the cases with and without control. The main finding is that 
application of an efficient ramp metering strategy considerably improves traffic conditions not 
only on the motorway but also on the parallel arterial and on the whole network within the 
broader corridor. This improvement is found to be even more accentuated in presence of 
nonrecurrent congestion caused by traffic incidents. 
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Direct comparative metrics are not currently available to do a quantitative analysis of the overall 
performance of the Melbourne arterial road network. However, qualitative assessment clearly shows 
that in the reverse case, when the flows on the Monash Freeway are impacted by non-recurrent 
congestion, e.g. incidents, the operation on the surrounding arterial road operations is significantly 
and detrimentally impacted. 

High network demands are best managed by operating motorways at their greatest efficiency. This 
reinforces the need for sound organisational operational strategies as the network needs to be 
managed as a single network in an organised and coherent way rather than parochial way. Network 
Wide Strategic Models are a good tool to assess the economic performance of managing the network 
as it can be shown when the motorway network coughs (degrades) large parts of the entire city are 
affected with gridlock (refer Volume 1, Part 1 which shows the M1 Motorway services more than 
50,000 trips each hour along its entire length for 12 hours a day with up to 60,000 trips per hour in the 
peaks). 
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7 Exit Ramp Management System 
7.1 Managing traffic leaving the motorway 
Growing demands on urban motorways have led to increasing pressures on the capacity of motorway 
exit ramps and arterial road interchanges.  If queues from exit ramps extend back onto the motorway, 
this reduces the capacity of the motorway and increases the risk of crashes.  Effective management is 
required to avoid long exit queues and to respond to queues that do occur. VicRoads has developed 
and deployed an Exit Ramp Management System (ERMS) to facilitate this function and the 
development of this system provides the potential to also fulfil the function of the End-of-Motorway 
Management System (EMMS) listed in Table 1.1.  The ERMS can pass the status of queues and the 
various movement demands across to the arterial road signalling system (SCATS), upon which 
actions can be taken to increase priority when temporal traffic conditions indicate a potential or active 
operational and safety problem with the motorway. 

High exit ramp flows may be a reoccurring issue during peak periods or as a result of a major incident 
or severe congestion on the mainline or sometimes occurs on the arterial road downstream of the exit 
ramp. Real time operations require the continual monitoring of exit ramp queue status (including the 
separate movement demands i.e. left right and through movements) and tools that to the extent 
possible can provide addition ramp discharge priority at the arterial road interchange to facilitate the 
various movement demands, and to create the path for the traffic to be dispersed into the arterial road 
network.  This may activate a sequence of coordinated arterial signal strategies and plans to make an 
exit path for the temporary demand to be moved through and away from the affected interchange. 
Where the arterial road is experiencing a major blockage it may be necessary to advise motorists via 
the motorway VMS to leave the motorway at an earlier or later off ramp to reduce the safety issue 
associated with the blockage.  In extreme situations it may be necessary to close the exit ramp with 
the LUMS system. 

7.1.1 Estimation of exit queue length 

The first step in managing exit queues is the measurement or estimation of the exit queue length, and 
as an extension the calculation of the proportion of ramp capacity used and the extent to which a 
queue may extend onto the motorway. The estimation of exit queue length uses an algorithm 
informed by the vehicle detection placed at multiple locations on the exit ramp and the motorway.  An 
estimate of actual queue length and movement demands (e.g. left, right and through) is determined 
from these inputs, not only whether slow moving traffic is present at any particular detection location.  
Where an exit ramp feeds a motorway connector entry ramp with ramp metering, the estimation of 
queue length on the ramp is undertaken within the processes to manage that ramp metering control 
(refer to Section 4.2). 

7.1.2 Adjustments to traffic signal operations for arterial exit ramps 

When long queues are detected by the exit queue length estimation process, the motorway 
management system may request the arterial traffic signal system to adjust traffic signal timings at 
and near the interchange.  The nature of the adjustments made to traffic signal timings depends on 
the configuration for each site. If a queue on the exit to an arterial road extends onto or near the 
upstream motorway mainline, it may be appropriate for the road operator to reduce the speed limits 
and/or provide VMS warning messages upstream as part of the management to the disruption or 
hazard. 

7.1.3 Adjustments to speed limits on motorway connector ramps 

Where the ramp is a motorway connector ramp with ramp metering controlling entry to the 
downstream motorway, the standard design for these ramps includes variable speed limit 
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functionality.  Variable speed limit signs on the ramp are an integral part of the ramp metering 
solution.  A 60km/h limit is automatically displayed on variable speed limit signs on the ramps when 
ramp metering is active for the area where the queue is estimated to occur and a short way in 
advance of that queue. The 60km/h variable speed limit applied in the queueing area on motorway 
connector ramps during regular metering operations does not automatically cause a speed reduction 
on the upstream motorway. This differs from the speed buffering approach generally applied for 
LUMS provided along mainline carriageways. 

Additional warning signs and messages are provided for motorway connector ramps as part of the 
standard design to help manage this situation. If a queue on a motorway connector ramp extends 
onto or near to the upstream motorway, it may be appropriate for the road operator to reduce speed 
limits and/or provide VMS warning messages upstream as part of the disruption and hazard 
management function. 
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8 Interface at Surface Road Interchanges 

8.1 Interchanges 

The surface road interchanges and the road network connecting with the motorway need to be 
appropriately designed, integrated and managed for an effective motorway / surface road interface. 
The VicRoads Motorway Operational Objectives (2004) indicate that: 

“The economic imperative is that, when necessary, the motorway network is to be given 
priority over the arterial road network and, where this would result in a negative impact on the 
arterial network, this should be managed accordingly to provide a net overall gain to the 
system’s users”. 

Generally, if the motorway is able to carry more traffic in the peak periods or across the day, it follows 
that the operation of surface roads will also be more efficient, compared to a situation where 
motorways are left unmanaged (refer Section 6.2.3). 

The implications at surface road interchanges relate to the capacity, management and operation of 
interchanges as well as the entry ramps and exit ramps for managing queues. This reinforces the 
importance of achieving adequate capacity and desirable standards in design, particularly for the 
entry ramp discharge capacities and storage. Interfacing of the motorway management system with 
the surface road traffic signal system (SCATS) is also available. Further information and guidance 
relating to interchanges is provided in Volume 2, Part 3: Sections 8 and 9. 

It is also desirable to provide information for motorists on the surface road relating to estimated 
motorway travel time or incidents before they enter the motorway. This is achieved with strategically 
located signs to assist motorists with their route choice decisions. Further guidance on traveller 
information is provided in Volume 2, Part 4. 

There may be situations where a redistribution of demand should be sought as a managed outcome. 
In these situations, the availability of alternate routes and the adequacy of the road network to 
accommodate route diversions need to be considered. The diversion of traffic is most effective where 
there is a well-connected road network and/or a significant proportion of entering traffic is undertaking 
short trips. 

8.2 Entry Ramps 

Prior to the introduction of coordinated ramp metering by VicRoads across Melbourne, motorways 
would regularly breakdown and operate in the lower LOS F categories i.e. F1, F2 F3 and F4 (refer 
Volume 1, Part 2: Section 3.5) often with very slow operating speed in the range 25- 40km/h 
excessively long delays and unreliable travel times.  Under these conditions the traffic would regularly 
back up the entry ramps and block the arterial road system, often for a considerable distance.  With 
the introduction of coordinated ramp metering, considerably higher levels of demand can be managed 
entering the motorway and travelling along the motorway each hour.  This delivers more traffic to the 
exit ramps and necessitates that exit ramps be designed for the increased exit flows as part managed 
motorway upgrades. When entry ramps are designed in accordance with Volume 2, Part 3 HERO-
LIVE can generally manage ramp demand to be contained within the total ramp storage provided 
across the motorway network. 

The intention of CWCRM, is to create a series of small local delays at numerous entry ramps and only 
when necessary to do so, i.e. the ramps act as temporary ‘retarding basins’ to ensure the motorway 
traffic flow is optimal and to deliver traffic smoothly to the motorway. Where excess demand is 
permitted to regularly ‘flood’ the motorway, flow breakdown causes vehicles to ‘store’ on the mainline 
which can then to quickly back up the ramps onto the arterial road. While ramp meters may be 
perceived (by the observer or layperson) as a significant cause of delay, for most motorway trips, the 
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improved motorway flow will result in lower overall network delay.  Unfortunately, many current day 
observers have either forgotten, or were never aware of, the prior situation when the congestion on 
motorways and surface roads was far greater when the network was left unmanaged. Entry ramps 
also experienced lower hourly flows with the motorway carrying considerably less trips each hour and 
over the day compared with post-managed conditions. A useful reference is contained in Appendix B 
– A Short History of Ramp Metering. 

At some locations excess demand may need to be constrained at certain times to achieve the overall 
benefits and coordinated management of queues. An interface with the surface road traffic signal 
system (SCATS) also enables integrated control strategies to be implemented. A concern about 
‘overflow’ effects on a connecting surface road reinforces the need for good entry ramp design, and 
this also needs to be considered alongside the overall traffic management objectives and road 
network benefits. 

In Melbourne it has been possible to service higher ramp and mainline demands by operating 
motorways more efficiently, and in so doing, service much higher network-wide demands. This 
reinforces the need for sound organisational operational strategies and control system settings that 
avoid the release of higher than system-calculated flows when there are long ramp queues 
(sometimes termed ‘flushing’ of the ramp). 

If flows higher than those calculated by the control system are released when there is inadequate 
ability for such flows to be accommodated on the mainline, motorway operation and safety is highly 
likely to be severely impacted creating flow breakdown either at the subject ramp or elsewhere in the 
system. If flow breakdown does occur, this will also impact the ability to service demands at other 
entry ramps and may also impact the performance of the surface road network as a whole. The 
damage to flow stability can happen very quickly, so the system as a whole may not always be able to 
compensate fast enough through restricting other entry ramp flows. 

Using the ramp metering approach outlined in this Guide can never guarantee congestion will be 
eliminated. The occurrence of incidents and unexpected events are beyond the ability of optimisation 
control tools to predict or prevent. However, even when congested conditions may occur, be it from 
recurrent or non-recurrent conditions, it has been assessed that travel times and throughput are 
superior to unmanaged conditions. Quicker recovery from congestion is also experienced. 

Further information relating to the design of entry ramps including discharge capacity, storage and 
geometric layouts is provided in Volume 2, Part 3: Sections 6 and 7. 

8.3 Exit Ramps 

Likewise traffic flow on the motorway mainline is affected when traffic queues on an exit ramp extend 
back to block the left lane of the motorway or cause traffic to slow down prior to exiting. In these 
situations; the available motorway capacity is reduced through the reduced utilisation and potential 
blocking of the left lane. Lane changing to avoid the left lane queue also occurs which increases 
turbulence and causes further potential for flow breakdown across the whole mainline carriageway. A 
significant safety problem can also emerge for both exiting and continuing traffic. 

The management of mainline flows through ramp metering will generally produce an increase in 
throughput which will result in increased exit flows. Therefore, increases in capacity at interchanges 
needs to be analysed and considered. Section 7 of this Guide provides and overview of the Exit 
Ramp Management System.  Further information relating to the design and management of exit 
ramps is provided in Volume 2, Part 3: Section 9. 
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9 Ramp Metering Myths and Misunderstandings 

9.1 Introduction 

Ramp metering principles have changed significantly since the first ramp metering was conceived 
many years ago. Over the last 10 years there has been substantial growth in VicRoads knowledge 
and understanding of traffic behaviour, motorway and ramp metering design, and sound operational 
strategies. 

The current VicRoads holistic approach to Managed Motorway technology represents a highly 
developed science that has resulted in proven on-road, evidence-based motorway performance. This 
has resulted in improved Managed Motorway outcomes for VicRoads as a road manager and for a 
broad spectrum of road users. State-of-the-art understanding of Managed Motorway design and 
operations are aspects of traffic management not generally taught in academic institutions, and 
relatively few practitioners are engaged in advanced aspects of application and practice. Therefore, 
there can be varying opinions (and misunderstandings) between what may be science fiction (or fear), 
and science fact in relation to advanced coordinated ramp metering. Road users can also be unclear 
about the operational significance of ramp metering as their perceptions are generally the result of 
individual observation which can mask the perspective across broader network and all-road users’. 

Table 9.1 provides a range of responses to some common misconceptions or questions about ramp 
metering which address some commonly expressed views and also clarify current best practice 
thinking. 

 

Comment / Question Quick 
Answer Response 

Ramp Metering Operation 

1. Metering is just about 
the ramp merge. False 

• Managing the ramp merge is necessary and may get more 
traffic into the motorway, but this also results in more traffic 
arriving at downstream mainline bottlenecks. 

• Coordinated control uses feedback that also manages demand 
arriving at distant downstream bottlenecks. 

• While breaking up vehicle platoons (bunching) on a ramp 
reduces turbulence and makes it easier to merge, coordinated 
(system) ramp metering also benefits the overall motorway 
performance. 

2. 
Ramp metering 
reduces ramp flows 
and causes increased 
delays. 

False 

• A small delay shared across multiple ramps results in more 
reliable motorway journeys, higher flows and shorter travel 
times for more motorists. 

• When motorways are allowed to breakdown, less traffic gets 
through and delays for all motorists increase significantly. 

• Excessive ramp queues are usually a result of the motorway 
being allowed to breakdown or by restrictive metering 
endeavouring to recover the flow. 
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3. 
The motorway is 
flowing freely so 
metering does not 
need to be on. 

False 

• A well-managed motorway may look relatively ‘empty’ as the 
traffic is kept moving. At optimum productivity the spacing of 
vehicles is in the order of 40 to 50 metres. 

• A productive motorway (with high speed and high traffic flow) is 
typically 80-90% empty space (gaps between vehicles). 

• When a motorway starts to become unstable it is usually too 
late to intervene. Metering needs to be on early to maintain 
flow stability. 

• Events that lead to flow breakdown can occur very quickly (less 
than a minute) and at relatively moderate flows (LOS C) (refer 
Appendix A). 

• Travel time from a ramp to a distant problem can often be 
several minutes so timely action is needed. 

4. 
Do drivers need to 
stop if there are no 
problems on the 
motorway? 

Yes • Ramp metering signals are traffic control devices so motorists 
must stop on red and then wait for a green light. 

5. 
Ramp metering aims 
to align vehicle 
release with gaps in 
the left lane traffic. 

False 

• While this was an objective of early ramp metering, it is now 
known that the whole carriageway needs to be managed to 
minimise turbulence and flow breakdown. Focusing on the left 
lane alone near the motorway merge is likely to overload the 
motorway at downstream bottlenecks 

6. 

Should ramp 
metering signals 
alternate for each 
lane as used 
overseas? 

No 

• There is nothing to be gained by alternating lane operation. 
Releasing vehicles together provides greater discharge 
capacity (if the motorway can accommodate more traffic) and 
more operational flexibility. 

• Some overseas jurisdictions need to release vehicles in each 
lane separately as their design standards provide minimal 
space for merging. Australian ramp metering design standards 
(merging and acceleration) provide for safe operation with 
vehicles leaving together or merging when ramp signal are off. 

7. 
Why is there 
congestion if ramp 
metering signals are 
operating? 

 

• In the real world it is not always possible to prevent flow 
breakdown due to strong fluctuating demands and capacity 
(i.e. their stochastic nature), but if it is to occur, this can be 
delayed and their frequency reduced to minimise impact. 

• A well-designed and operated system (with Managed 
Motorway specialists and performance analysis and system 
refinement) will minimise the flow breakdown potential and 
improve safety. Insufficient control may result from inadequate 
design or operations. 

8. 
Should a full ramp 
queue be flushed to 
avoid overflow onto 
the surface road? 

No 

• VicRoads needs to balance needs and priorities according to 
safe and efficient principles. 

• Sudden ramp flushing generally worsens system safety, 
throughput and delays. 

• Just a few too many ramp vehicles can cause flow breakdown 
which would impact thousands of mainline travellers for the 
rest of the peak period. 

• Dumping traffic into the mainline could potentially have worse 
safety outcomes than queuing on the surface road due to the 
potential for higher differential speeds between vehicles. 

• In a safe and regulated manner, the system aims to: 
o Manage queues within the ramp length. 
o Discharge traffic without exceeding mainline capacity. 
o Compensate at other ramps by balancing queues and 

waiting times. 
• Meeting ramp design storage standards minimises the 

potential for queue overflows. Shorter trips may be 
discouraged from using the motorway where alternatives exist. 



Part 2: Managed Motorway – Network Optimisation Tools 

Volume 2, Part 2 VicRoads Managed Motorway Design Guide Page 57 of 73 

 

Ramp Metering Design 

9. 
If a ramp enters as an 
added lane it does 
not need to be 
metered? 

False 

• Coordinated ramp metering is about managing bottlenecks 
along the motorway, not just near a ramp. Added lane 
arrangements are typically provided because there is a high 
demand at the ramp. These ramps can contribute significantly 
to downstream bottlenecks being activated and require control. 

• Effective control requires all ramps to be controlled. Even one 
uncontrolled ramp can cause flow breakdown. 

10. 

Can ramp metering 
resolve capacity 
deficiencies in 
design, e.g. 
inadequate number of 
mainline lanes? 

No 

• Coordinated ramp metering has the potential to increases 
operational capacity by about 15% relative to an unmanaged 
motorway – but is not a panacea for fixing all motorway 
problems. 

• Ramp metering cannot replace the need for an additional lane 
if this is necessary to meet traffic demand. 

11. 

As vehicles are 
already within the 
motorway system, do 
motorway-to-
motorway ramps 
need metering? 

Yes 

• Ideally, all vehicles entering a managed route must be 
controlled to manage the mainline operation. 

• Motorway-to-motorway ramps are generally high volume ramps 
which can easily cause flow breakdown on the downstream 
motorway. 

• Even if the motorway enters with an added lane traffic may still 
impact other downstream traffic operations. See Item no. 9 
above. 

12. 
Does a separate lane 
for priority users on 
an entry ramp need to 
be metered? 

Yes 

• All vehicles entering a Managed Motorway must be controlled 
for the benefit of all road users, including priority vehicles. 

• Experience with uncontrolled priority access shows that the 
clustering of just a handful of vehicles, such as trucks, can 
contribute to flow breakdown and resulting congestion. 

• On metered priority lanes, ramp queues and delays for priority 
vehicles are designed to be less than other general traffic. 

13. 
Ramps entering 
collector-distributor 
(CD) roads do not 
need ramp metering. 

May be 
true 

• Some CD roads need to have their ramps metered if metering 
would alleviate capacity or weaving turbulence. 

• Management of multiple, separated carriageways needs 
analysis and consideration during design. 

• During design, a decision will be required about whether to 
meter the ramps entering the CD and/or meter the CD 
connection back to the mainline. A range of inputs and 
constraints need to be assessed to arrive at an appropriate 
design and control arrangement. 

14. 

If ramps are 
controlled entering a 
CD road there is no 
need to control the 
CD road entering the 
mainline. 

May be 
true 

• Ideally, all entries to the mainline generally need to be 
controlled to minimise bunching of vehicles and to ensure the 
mainline can be managed effectively downstream. 

• During design, a decision will be required about whether to 
meter the ramps entering the CD and/or meter the CD 
connection back to the mainline. A range of inputs and 
constraints need to be assessed to arrive at an appropriate 
design and control arrangement. 

15. 
Does combining 
ramps to provide a 
single high flow entry 
make control easier? 

Possibly 
not 

• Combining flows into a single high flow ramp with one meter 
may create problems for: 
o Designing ramp discharge capacity and storage. 
o Controlling strong bottlenecks. 

• Separate metering allows individual queue management and 
may enable improved queue balance and priority. 

• Sometimes this is the only option available due to site 
constraints. 
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The Future 

16. 

Will ramp metering be 
needed in the future 
with automated 
vehicles (AV) and/or 
connected vehicles 
(CV)? 

Yes 

• Future vehicles with the ability to manage headway and 
communicate with each other (and infrastructure) may improve 
some aspects of motorway operation. Such benefits may only 
occur when the majority of vehicles are connected to real-time 
traffic network control systems. 

• However, in the short to medium term they will not understand 
the ‘big network picture’ (e.g. a bottleneck located some 
kilometres downstream) relating to system traffic demand, nor 
be able to resolve complex traffic issues. 

• While AVs and CVs may improve safety, real-time traffic 
system operation at a local and network level will be essential 
(with further enhancement) to manage overall outcomes. 

Implementing Managed Motorways 

17. 

Just adding some ITS 
devices to an existing 
motorway and some 
control system 
updates will achieve 
the desired 
outcomes. 

No 

• The holistic Managed Motorway approach requires new 
thinking to be applied to how a motorway is configured, how 
ITS is integrated and how it is operated. 

• The physical design of motorways is a critical determinant of 
bottleneck locations and needs to be based on understanding 
contemporary traffic flow theory combined with aspects of 
control engineering through appropriate devices to enable 
complex real-time control and optimisation. 

• The approach requires integration of different ITS systems and 
devices on a common platform to enable the tool-chains to 
feed consistent and reliable inputs and delivers unique, 
intelligent and context driven arbitrated solution to the 
motorway network on a regular basis. 

• Organisational commitment is required to ensure that 
operational tuning strategies are targeted at preventing flow 
breakdown for sustained periods and avoiding actions that risk 
destabilising motorway flows. 

18. 
Does the VicRoads 
system provide full 
functionality “out of 
the box”? 

Probably  
not 

• While a lot of functionality has been incorporated into the 
control system used by VicRoads, aspects have been 
developed and configured for the specific regulatory and 
operational context that applies within the State of Victoria. 

• There will be many common aspects across jurisdictions, 
however, there may also be specific conditions that either don’t 
apply or may not be catered for within the approach developed 
to date. 

• Application of the control tools used by VicRoads requires 
deep understanding of the local context and operational 
complexity that exists with each unique motorway network. 

• Highly skilled operators will always be required with in-depth 
knowledge of how the motorway network “behaves” and are 
informed by robust analysis of real-time and statistical historic 
performance outputs. Oversight and tuning of the system will 
always be required in-line with consistent commitment to 
achieving optimised outcomes that deliver sustained flows and 
safe operations. 

• While considerable effort may be required to change an 
operational control paradigm, the potential benefits to the 
performance of motorways networks and the broader road 
network are significant. 

Table 9.1:  Common Misunderstandings and Clarifications 
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Appendix A 

Ramp Metering - Information Bulletin 

This Appendix provides an example of a Managed Motorway Ramp Metering Signals Information 
Bulletin. 
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Appendix B 

A Short History of Ramp Metering 

US Experience 
The US Federal Highway Administration Ramp Management and Control Handbook (Federal 
Highway Administration, 2006) indicates that the first ramp metering was installed in 1963 on 
Chicago’s Eisenhower Expressway. Ramp metering was developed as a technique to manage traffic 
demand following the launch of the Interstate Highway Program to address freeway flow problems 
associated with congestion and safety. 

The initial application of entry ramp metering used a police officer stationed on the entrance ramp to 
stop traffic and release vehicles one at a time at a rate determined from a pilot detection program. 
This use of metering followed successful tests of the effectiveness of metering traffic entering New 
York tunnels and ramp closure studies in Detroit (Piotrowicz & Robinson , June 1995). 

The Minnesota Department of Transportation (Mn/DOT) has used ramp meters since 1969. In 2000 
the Minnesota Legislature required Mn/DOT to study the effectiveness of ramp meters in the Twin 
Cities Region (Minnesota Department of Transportation., 2001) by conducting a shutdown study. The 
evaluation report by Cambridge Systematics Inc. (2001) indicated the following annual benefits of 
ramp metering: 

• Traffic Volumes and Throughput: After the meters were turned off, there was an average 
9% traffic volume reduction on freeways and no significant traffic volume change on parallel 
arterials included in the study. Also, during peak traffic conditions, freeway mainline 
throughput declined by an average of 14 percent in the “without meters” condition. 

• Travel Time: Without meters, the decline in travel speeds on freeway facilities more than 
offsets the elimination of ramp delays. This results in annual systemwide savings of 25,121 
hours of travel time with meters. 

• Travel Time Reliability: Without ramp metering, freeway travel time is almost twice as 
unpredictable as with ramp metering. The ramp metering system produces an annual 
reduction of 2.6 million hours of unexpected delay. 

• Safety: In the absence of metering and after accounting for seasonal variations, peak period 
crashes on previously metered freeways and ramps increased by 26 percent. Ramp metering 
results in annual savings of 1,041 crashes or approximately four crashes per day. 

• Emissions: Ramp metering results in a net annual savings of 1,160 tons of emissions. This is 
most likely due to the avoidance of stop-start conditions. 

• Fuel Consumption: Ramp metering results in an annual increase of 5.5 million gallons of fuel 
consumed. This was the only criteria category which was worsened by ramp metering. This is 
most likely due to more traffic being processed  (see previous point). 

• Benefit/Cost Analysis: Ramp metering results in annual savings of approximately $40 
million to the Twin Cities travelling public. The benefits of ramp metering outweigh the costs 
by a significant margin and result in a net benefit of $32 to $37 million per year. The 
benefit/cost ratio indicates that benefits are approximately five times greater than the cost of 
the entire congestion management system and over 15 times greater than the cost of the 
ramp metering system alone. 

There are now thousands of ramp meters operating in the USA. This is seen as a measure of the 
benefits of ramp metering installations. The following quote from the Federal Highway Administration 
brochure, (Federal Highway Administration, 2006) demonstrates the value of ramp metering systems: 
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“Every evaluation of the system has shown reduced accidents, reduced delay and increased volumes 
when metering was installed. No other traffic management strategy has shown the consistently high 
level of benefits in such a wide range of deployments from all parts of the country”. 
Pete Briglia, Puget Sound Regional Council, Seattle, Washington and Chair of the TRB Freeway Operations Committee.  

Ramp Metering in Melbourne 

First Ramp Metering Initiative in 1971 
The first ramp metering in Australia was provided in Melbourne on the South Eastern Freeway (now 
the M1 - Monash Freeway / Southern Link) at the Gibdon Street entry ramp. The ramp metering was 
initiated in 1971 by Mr Kerras Burke of the Highways Division of the Melbourne and Metropolitan 
Board of Works (MMBW). The rate of vehicle entry to the freeway was based on data from detectors 
on the freeway. The traffic was regulated by varying the phase times at traffic signals at the entry 
ramp from the Gibdon St / Barkly Av intersection. A paper presented by Kerras Burke at the Fifth 
Australian Computer Conference in Brisbane in May 1972, is included below. 

The metering had limited success due to the high freeway flows. The limited spare capacity resulted 
in low ramp phase time for allowing additional vehicles to enter from the ramp. The release of short 
platoons from the controlling signals at the top of the ramp (rather than signals close to the nose with 
one vehicle per green) was also less than desirable. The metering was eventually deactivated due to 
driver complaints about short phase times, lack of publicity to inform motorists, non-compliance and 
lack of enforcement. 

In the early 1970s other investigations promoted the value of ramp metering. A report, ‘Some Aspects 
of Freeway Design and Operation’ by Robin Underwood, Assistant Chief Road Design Engineer, 
Country Roads Board (1971), resulted from a Churchill Fellowship Study Tour of the United States, 
Canada, Great Britain and Europe. The report indicated that ‘a fundamental part of most surveillance 
and control projects is ramp control.’  

2002 Ramp Metering Trial 
Despite the initial application of ramp metering in 1971, there was no further ramp metering in 
Melbourne until 2002. In view of Melbourne’s freeway traffic problems at that time, Gary Veith 
(VicRoads) initiated a study relating to best practice in freeway management. 

A September 2000 report, “Managing Traffic Flow on Urban Freeways”, prepared by Andrew O’Brien 
and Associates (now O’Brien Traffic) led to an initial trial of metering at the Thompsons Road 
eastbound entry ramp on the Eastern Freeway where extensive queues on the freeway resulted from 
flow breakdown caused by merging traffic. Bill Saggers (VicRoads) managed the project as part of 
VicRoads ‘Easy Merge – Safer Flow’ ramp metering trial. 

The initial stage of the trial modified the right turn phase times to regulate the flow into the ramp from 
the Thompsons Road / eastbound entry ramp intersection. The second stage of the trial included the 
installation of traffic signals on the ramp, to meter the entering traffic into the freeway flow. The ramp 
meter design provided two lanes at the stop line with one vehicle per green per lane released each 
cycle. SCATS controllers were used to provide fixed time cycles for the evening peak period of 9 
seconds at initial switch on and 6 seconds for periods when the ramp queue became significant. 

A ‘Before and After’ study indicated the success of the project in preventing traffic flow breakdown to 
provide more consistent traffic flow and reduce travel times on the freeway. The results indicated: 

• Up to 70 per cent increase in speed on the Eastern Freeway at Bulleen Road as a result of 
avoiding flow breakdown as shown in Figure B-1. 

• Over the section of the Eastern Freeway between Bulleen Road and Doncaster Road, free 
flow speeds improved and up to 60 per cent reduction in travel times, as shown in Figure B-2. 
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Figure B-1:  Freeway Speed - Eastern Freeway Outbound, East of Bulleen Rd 

 

 

Figure B-2:  Travel Time - Eastern Freeway Outbound, Bulleen Rd to Doncaster Rd 

After the initial trial, ramp metering signals were then installed at 11 entry ramps on Monash Freeway, 
West Gate Freeway and Calder Freeway between 2002 and 2005 using SCATS intersection 
controllers with fixed time operation. However, benefits reduced over time due to increasing traffic 
demands along the freeway and the limited value of isolated fixed time operation. This experience 
confirmed that to control performance at the critical bottlenecks, high volume freeways need to be 
managed in a dynamic coordinated manner to control all inflow. 

Importantly, these initial installations confirmed that: 
• Implementation and broader use of this intelligent transport system technology is a cost 

effective means (typically BCR in excess of 10) of providing a more reliable, safer and less 
stressful service to road users 

• Other more costly infrastructure improvements can be avoided or delayed through increased 
utilisation (productivity) of the existing high value infrastructure, and 

• Melbourne’s motorists demonstrated that they were able to adapt to the ‘radical’ traffic control 
with a high level of compliance, and also supported the initiative. 

Developments Leading to Current Practice 
In 2004 John Gaffney undertook a 2 month technical tour to the USA, UK and Europe as part of the 
Kerry Burke Memorial Scholarship. During the trip significant information was obtained relating to 
contemporary traffic flow theory, freeway flow management and freeway ramp metering. 
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In November 2005 the VicRoads Guidelines for Managing Freeway Flow with Ramp Metering 
developed by Maurice Burley and John Gaffney was published following a review of available 
international literature and current practice.  

In 2005 and 2006 Darren Patterson (Transurban) as well as John Gaffney and Vincent Vong 
(VicRoads) carried out reviews of best practice for ramp metering algorithms. VicRoads subsequently 
approved the ALINEA and HERO algorithms for use in Melbourne. 

2007/08 Dynamic Coordinated Ramp Metering System Pilot 
In 2007/2008 the implementation of a dynamic coordinated system on Monash Freeway using the 
ALINEA and HERO algorithms demonstrated significant benefits over the isolated fixed time metering 
which it replaced. As part of the Monash-CityLink-West Gate Upgrade Project an initial pilot included 
coordinated operation of ramp meters at six inbound entry ramps between Jacksons Road and 
Warrigal Road. ‘Before and after’ speed surface contour plots based on operation in 2007 and 2008 
are shown in Figure B-3 and Figure B-4. Comparisons relative to the Austroads National Performance 
Indicators are shown in Figure B-5. 

The dynamic coordinated system reduced freeway traffic flow breakdown and provided significant 
improvements in throughput and travel speed. Markos Papageorgiou and Ioannis Papamichail from 
the Technical University of Crete provided technical input in regard the ramp metering operation and 
optimising freeway traffic flow. Transmax Pty Ltd (Queensland) was involved in the software 
development and the use of the STREAMS platform for the ramp metering trial. The coordinated 
freeway ramp meter pilot project was a world-first application of the coordinated HERO traffic 
management technology. 

 

Figure B-3:  Fixed Time Ramp Meters - Typical Speed Surface Contour Plot in the AM Peak 
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Figure B-4:  Motorway Ramp Meters - Typical Speed Surface Contour Plot in the AM Peak 

 
Figure B-5:  ‘Before and after’ Austroads National Performance Indicators 

Monash-CityLink-West Gate Upgrade (M1) Project (2007 – 2010) 
As part of the Monash-CityLink-Westgate freeway upgrade project, ramp meters were installed along 
75 km of Melbourne’s freeway network at 64 ramps on the Princes Freeway West, Western Ring 
Road, West Gate Freeway, CityLink, Monash Freeway and South Gippsland Freeway. 

The ramp meter sites include one, two, three and four lane ramp meters, as appropriate, to manage 
the entering traffic, as well as five sites with free flow priority access lanes for trucks and high 
occupancy vehicles. The system uses the HERO-LIVE suite of algorithms with further enhancements 
since the initial pilot. 

The results from a before / after study of the effectiveness of the project is provided in the VicRoads 
Managed Motorway Framework.  It is worth noting that there were many complementary road design 
elements and technology enhancements to support managed motorways and thus it cannot be 
considered to be a simple ITS bolt-on. 
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Appendix C 

Paper presented at the Fifth Australian Computer Conference, 

Brisbane, May 1972. 
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