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Disclaimer

This document is specific to Western Australia. It is intended to be a guide for modelling practitioners
and managers undertaking work for Main Roads.

The guidelines provided in this document are accurate and relevant at the time of production.

This document only outlines the minimum requirements for model development, calibration and
validation. Some models may require more rigorous standards. | t is the wuserods
ensure that the models they develop are fit for their intended purposes.

The application of the guidelines in this document does not guarantee that the traffic modelling
thereby developed will be fit for purpose, nor does it guarantee approval or support by Main Roads.
The guidelines may not be appropriate in all circumstances.

The information provided in this document is a guide only and is not considered a statutory
requirement.

Subject to any responsibilities implied at law which cannot be excluded, Main Roads is not liable to
any party for any losses, expenses, damages, liabilities or claims whatsoever, whether direct,
indirect or consequential, arising out of or referrable to the use of this document, or its
discontinuance, howsoever caused whether in contract, tort, statute or otherwise.
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Foreword

Approved by

Main Roads is responsible for managing and operating the
strategic road network within Western Australia. As part of this
responsibility, Main Roads uses a range of operationally
focussed traffic modelling tools to assess road network
performance, optimise the road assets, develop operational
strategies and plan for future development of the network in close
collaboration with our Portfolio Partners and other stakeholders.

The capacity for the road network to cope with the ever-

increasing demands of our Statebod

mobility needs is a challenge. Main Roads considers it essential
that impacts on the network are adequately assessed in order to
Keep WA Moving. In this respect, accurate traffic modelling plays
an increasingly vital role in the way we undertake our work in
order to effectively operate the network.

| am very proud of the collaborative effort between the Transport
Portfolio and industry in Western Australia in producing these
Operational Modelling Guidelines. They will provide invaluable
support to traffic modelling
aspiration to provide world class outcomes for our customers
through a safe, reliable and sustainable road-based transport
system.

Peter Woronzow, Managing Director of Main Roads
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Definitions

Definitions of a number of terms used throughout this document are outlined below:

Aimsun
CCGs
DoS
DoT
JCT
JDF
LinSig
LoS
Main Roads
MF
MMQ
NetPReS
NPD
oD
oMV
PCE
PCU
PRC
PTA
RIMS
RO&DS
ROM24
RR67

SCATS
SCATSIM
SIDRA
STREAMS
TCS

TPF
TRANSYT

TRL
TWSC
UGT
VAP
VDF
VDS
Vissim
WA

traffic modelling software developed by Aimsun (formerly TSS)
common control groups

degree of saturation

Department of Transport, Western Australia

JCT Consultancy Ltd, developer of LinSig

junction delay function

traffic modelling software developed by JCT

level of service

Main Roads Western Australia

maximum flow

mean max queue

Main Roads Network Performance Reporting System

Network Planning and Development, Main Roads

origini destination

Operational Modelling and Visualisation team, Main Roads
passenger car equivalent

passenger car unit

practical reserve capacity

Public Transport Authority, Western Australia

Road Information Mapping System, Main Roads

Recognising Opportunities & Developing Solutions, Main Roads
24-hr Regional Operations Model

Research Report 67, publication by TRL describing a methodology for the
prediction of saturation flow

Sydney Coordinated Adaptive Traffic System

Interface software to simulate SCATS

traffic modelling software developed by Sidra Solutions
Main Roads ITS control system

traffic control signal

i s

turning penalty function
traffic modelling software developed by TRL

Transport Research Laboratory (TRL Ltd), developer of TRANSYT
two-way stop control

underutilised green time

vehicle actuated programming

volume delay function

vehicle detection station

traffic modelling software developed by PTV

Western Australia

Ma i
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1

Introduction

The Main Roadso6 Operational Modelling Guidelines has been developed by Network
Operations directorate, with contributions from the Transport Portfolio, other directorates
and external industry experts.

The objective of the guidelines is to ensure consistency in traffic modelling practice and to
promote the production of accurate modelling outputs that will result in high-quality project
design and assessment that transitions into operations.

The development of this document was influenced by a number of sources including:

T

=A =4 =4 =4 4 -4 -4

Traffic Modelling Guidelines (Version 1.0) - Roads and Maritime Services NSW
Traffic Modelling Guidelines (Version 3) - Transport for London (TfL)

Model Audit Process (Version 3.5) - Transport for London

Economic Evaluation Manual (Volume 1) - New Zealand Transport Agency
LinSig User Guide - JCT Consultancy

SIDRA Intersection 9 User Guide - SIDRA Solutions

Vissim User Guide - Planung Transport Verkehr (PTV)

Aimsun User Guide - Transport Simulation Systems (TSS)
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1.1

1.2

Document Structure

This document is designed to give a common structure for modelling submissions using

Ma i

n R oumently Gupported traffic model software. It also provides guidance on the

use of these software packages. The structure of this document is as follows:

T
T
T
T
T

T

Section 1: Background and purpose

Section 2: Traffic Operational Modelling Overview
Section 3: LinSig Guidelines

Section 4: SIDRA Guidelines

Section 5: Vissim Guidelines

Section 6: Aimsun Guidelines

This document focuses on:

)l
)l
)l

SIDRA and LinSig for isolated intersection analysis
SIDRA and LinSig for deterministic network modelling

Aimsun and Vissim for microsimulation modelling (isolated intersection or network
modelling).

Additional documentation has been provided in the following appendices:

T
T
T

Appendix A:  Signal Data Information for Modelling
Appendix B: Saturation Flow Information

Appendix C: Future Traffic Demand calculations for Operational Modelling

It is intended that this document will be periodically reviewed and updated as required to
ensure its currency, usefulness and relevance for practitioners and to incorporate innovative
thinking and advancements in traffic and transport modelling.

It is essential for all users to review and familiarise themselves with Sections 1 and 2 of this
guideline as these are applicable for all operational modelling projects.

Background

Western Australia has one of the world's most expansive road networks. Main Roads is
responsible for the planning, delivery and management of a safe and efficient State Road
Network. It does this by:

il
il

Building the State's major government road infrastructure projects.

Providing infrastructure and operations that improve road efficiency and result in
improvements in traffic and freight service levels.

Maintaining the State's major government roads, bridges, verges and reserves.

Using technology to optimise the real-time management of the network and providing
traveller information.

Improving community amenity by developing roadside stopping places, incorporating
public art into infrastructure and understanding the needs of all transport users.
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1.3

1 Providing world class outcomes for our customers through a safe, reliable and
sustainable transport system.

Main Roads is also responsible for managing the operation and maintenance of all traffic
signals within Western Australia. As part of this responsibility, Main Roads uses a range of
analytical tools to assess road network performance and the impact of any road based
transport schemes.

Purpose

The purpose of this document is to ensure consistency in traffic modelling practice and to
promote the production of accurate modelling outputs that will result in high-quality project
design and assessment that easily transitions into operations.

A number of Main Roadsd® policies and gui

assessment or define traffic modelling requirements, such as, Vehicular Signals Policy and
Traffic Signals Approval Policy (refer to Main Roads website for copies of these policies).

The requirement for traffic modelling is also outlined by The Western Australian Planning
Co mmi s sTraospodt bnpact Assessment Guidelines (August 2016) and in the Transport
Modelling Guidelines for Development in Activity Centres produced by Department of
Transports (DoT).

The Operational Modelling Guidelines provides guidance on how to build high quality
operational traffic models. These guidelines may be also used for planning projects,
development applications, traffic impact assessments, infrastructure upgrades, and traffic
signal designs.

The modelling software sections of this guideline provides guidance for the modelling
practitioner on what should be considered when building a traffic model using Main Roads
supported software (LinSig, SIDRA, Vissim or Aimsun). These guidelines are designed to
ensure consistency in the quality of all models received and assessed by Main Roads, so
that a good baseline can be provided for assessment.

These software-specific guidelines require the reader to have an in-depth understanding of
traffic engineering and modelling principles.

Whilst traffic modelling is recommended for scheme assessment it should be emphasised
that the purpose of the model is for informed decision making and should not be used to
predict the outcome of a scheme.
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2 Traffic Operational Modelling
Overview

This section provides key information for anyone undertaking traffic modelling that will be
submitted to Main Roads. All modellers are encouraged to familiarise themselves with this
section to ensure that the considerations outlined will be met in any existing situation or
proposed model for any scheme that requires regulatory approval.

2.1 Purpose

This overview has been designed to provide guidance without being prescriptive or limiting
the modeller in the development of their traffic model. The content has been designed to
make the model scope and build requirements as transparent as possible for all parties
without inhibiting the practitioner in the technical construction of the model. The subsequent
modelling software guidelines describe current best-practice modelling techniques that
should be applied to traffic modelling projects in Western Australia, however there is
opportunity for flexibility and innovation as defined in Main Roadséguiding principles.

These guidelines are specifically for operational modelling in Western Australia and align
with Main Roadsd® Gui di Atthedieration of Main Reals andwthere/ a | u e s
appropriate an alternative methodology could also be acceptable.

This guideline may be read in conjunction with the Main Roadso Auditing Process for
Operational Modelling which describes the audit process of traffic models for Main Roads.

2.2  Operational Model

Operational models are normally developed for network performance assessment or for
Traffic Signal Approval schemes, having scenarios with a maximum 10 year horizon (from
6 o p e h The difference between an operational model, compared with a planning model
for example, may be the level of detail, including calibration and validation requirements, as
an operational model is expected to be used for detailed assessment. While a planning
model may not need this detail at the planning stage, but may later be used for operational
assessment, it is recommended at the scope meeting to determine appropriate model type
to be developed.
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2.3

Modelling Process

An overview of the modelling process is illustrated in Figure 2-1.

Figure 2-1: Overview of modelling process
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The initial stages of the modelling process are important to confirm modelling requirements;
it is recommended that a scope meeting is arranged with Main Roads. Examples of what
can be discussed at the scope meeting can include but is not limited to:

1 Modelling Purpose
9 Available traffic models
9 Study Area Selection.
9 Data Collection and Analysis:
A Modelling Periods.
A Traffic, Signal and Onsite Data collection.
A Analysis methodology.
A Calibration and Validation methodology.
A Gradient, Heavy Vehicle considerations and likely parameter adjustments.

Further detail and purpose of the scope meeting is described in more detail in the Main
Roads Auditing Process for Operational Modelling.
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2.4  Appropriate Use of Traffic Modelling and Model Expertise

As traffic modelling can be expensive, it is important to determine whether or not it needs
to be undertaken in the first place. Preliminary analysis using first principles, simple
analytical methods or site visits may be sufficient to confirm whether traffic modelling is
required.

If traffic modelling is required, the next step is to determine the most appropriate level of
modelling. Both the appropriate level of modelling and use of the right software are critical
to the success of a modelling project, otherwise poor project outcomes, as well as significant
cost and delays, may result. Section 2.5 details the modelling software supported by Main
Roads and its appropriate use.

Once the appropriate level of modelling and software type has been agreed, the level of
detail and the accuracy of a model must be considered. The detail required will depend on
themodel 6 s purpbse and thelp r o j ebjettibes will directly influence the type
and extent of the modelling required.

The quality of the modelling inputs will be reflected in the quality of the outputs. Mai n Roads 6
Operational Modelling Guidelines (hereafter referred to as Operational Modelling
Guidelines) provide modellers guidance of input data required to develop an accurate

model.

Throughout a project, a model may pass through a number of development phases and at
each stage the required level of detail and modelling accuracy may increase. Common
stages of development may include, but are not limited to:

1 assessment stage,

9 business case for funding,

9 option testing,

9 developing the preferred option, and

1 project scheme approval.

To avoid inaccurate traffic modelling, the person(s) involved in developing traffic models
must have the following:

1 In-depth knowledge of traffic engineering and modelling,
9 Considerable modelling experience using the relevant software,

9 Considerable experience in on-site data collection for traffic control parameters
including saturation flows, queues, degree of saturation, lane utilisation identification,
exit blocking and wasted green measurement, and

1 An excellent understanding of traffic signal control principles, design and operational
requirements (for new traffic signals or traffic signal modification).

1 Not all projects will be developed to the point where approval is sought.
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2.5

Main Roads Supported Traffic Modelling  Software

Specific modelling software is supported by Main Roads to ensure internal reviews can be
carried out with confidence. To guide the modeller, Main Roads has developed
documentation outlining its preferred approach to model development, standard model
parameters, model considerations and calibration and validation requirements.

Examples of supported software and its typical uses are detailed in Table 2-1.

It is noted that each software package may have certain modelling limitations. Main Roads
has therefore recommended the most appropriate use in the table below.

Table 2-1: Main Roads supported traffic modelling software
Use
LinSig For existing or proposed signalised intersections or networks:
9 traffic signal design
9 traffic signal modification
9 traffic signal timing improvement.
SIDRA To analyse feasible intersection types such as:
1 roundabouts
9 priority controlled
9 traffic signals.
V_issim / Where modelling in LinSig or SIDRA is too simplistic:
Almsun 1 demand dependant phase sequence e.g. bus priority
9 mix of different intersection control types
1 heavy vehicle impacts
1 uneven lane utilisation
1 weaving/merging behaviours
9 exit blocking
9 critical links operate near or above capacity
9 ramp and roundabout metering
To analyse significant infrastructure upgrades

When the project requires significant stakeholder and public
consultation where visualisation would be useful / necessary

LinSig and SIDRA (analytical models) will always model more simplistically compared to
Vissim and Aimsun (simulation models). Main Roads is aware of these limitations; it is
encouraged at the scope meeting with Main Roads that the consultant confirms appropriate
use of software for the project.

It should also be noted that LinSig or Sidra may be used for signal timing inputs into
simulation models, similarly Vissim or Aimsun may be used as traffic flow input into
analytical models. The level of model detail for these models should be discussed at the
scope meeting.
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2.6

2.7

Use of Main R o a dTsadfic Models

If available, third parties may request the use of existing traffic models (LinSig, Vissim or
Aimsun) from Main Roads as a way to reduce model development time and costs.

The Operational Modelling and Visualisation (OMV) team is developing a traffic model
library where all traffic models used by Main Roads and / or is part of the review process
are stored in one central location and if appropriate can be provided to external parties for
further update, which may reduce model development time and build costs.

It is important to note that if available, the provided model is only a starting point for model
development process. Therefore, the model parameters and input data from the supplied
model should not be relied upon and Main Roads expects the data to be updated to reflect
the requirements specified for the project.

When using the traffic models available from Main Roads, the applicant should be aware of
the following terms and conditions:

1. The traffic models should not be used for any purpose other than the stated purpose
for which it was requested from Main Roads.

2. lItis the responsibility of the modeller to verify parameters and ensure accuracy of the
model.

3. The traffic models should be used by an experienced/qualified modeller, who would
refer to Operational Modelling Guidelines when developing, updating and verifying
calibration and validation of the supplied traffic model to suit the project.

The Traffic Model Request form is available for download on the Main Roads website and
can be emailed to the OMV Team? at omv@mainroads.wa.gov.au.

Desktop Network Familiarisation

Before commencing any modelling work, the modeller should familiarise themselves with
the area to be modelled. Examples of ways for the modeller to gain an initial understanding
of the area prior to undertaking a site visit (Refer to Section 2.10.2) include:

1 Meet with the Project Manager to have a full understanding of the project and any
relevant background information

1 Inspecting aerial photography and mapping
1 Examining local land use data

1 Collating and inspecting available traffic data to ensure adequate data is collected
and it is reliable and consistent

1 Collating recent or planned network or traffic control changes

1 Identifying surrounding network restrictions, construction activities and way-finding
signage

2 ROM24 Traffic Model data for future traffic flow calculations can only be requested for Main Roads projects
or through Local Government and cannot be obtained by the OMV team. Refer Section 2.10.8.2.1.
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271 Main Roadsd6 Traffic Dat a
A selection of traffic data is available from the Main Roads website.

Available data may include:

9 Traffic count data for the Perth Metropolitan area:
A SCATS detector traffic volume data and metro count data available from

A Custom date SCATS detector traffic volume data requested via
selecting SCATS i Traffic Volumes and Signal Data from the What
does this relate to drop down menu).

1 Traffic control signal information:
A SCATS signal data available from trafficmap.

A Custom date SCATS signal data requested via Enquiry Form selecting
SCATS i Traffic Volumes and Signal Data from the What does this relate
to drop down menu. Further information on Traffic Signal Data is discussed

in Appendix A.
1 Crash Analysis Reporting System (CARS) data.

1 Road Information Mapping System (RIMS) 1 provides information on the road
hierarchy (local or state road) and posted speed limits.

9 Restricted Access Vehicle (RAV) mapping system 1 provides information on heavy
vehicle routes (Note: if a route runs through the site being modelled it is important that
heavy vehicles are modelled as they will have an impact on intersection performance).

2.8  Study Area Selection

The modelling study area should be determined taking into account considerations
including, but not limited to:

1 proximity of neighbouring intersections,
impact of vehicle platooning on intersection performance,
traffic congestion and queueing in and around the site,

1

1

9 existence of merging / weaving sections,

9 impact of acceleration profiles (e.g. heavy vehicles) on intersection performance, and
1

road gradient on all intersection approaches.

It is recommended that the study team consult with Main Roadsd Network Operations
directorate to define, and / or confirm the appropriate study area prior to undertaking
modelling assessments.
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2.9

2.10

2.10.1

Modelling Period s

The time periods to be modelled should be determined by reviewing the traffic volume
profile in the core of the study area, and are typically weekday AM and PM peaks, however,
off-peak or weekend may be required to be modelled depending on the scope of modelling
and nature of the study area (e.g. shopping centre, airport or construction sites). These
periods should be agreed with Main Roads6 Network Operations directorate prior to
commencing modelling.

Data Collection and Analysis

To develop a traffic model to the standards required by Main Roads, the modeller must
conduct site visits for each time period being modelled in order to:

1 Familiarise themselves with general traffic conditions and the surrounding
environment.

9 Confirm the accuracy of supplied drawings.

1 Understand how the intersection/network operates in terms of traffic behaviour,
capacity and safety.

9 Collect accurate data for developing the calibrated model and validating the base
model.

While some of the data required in the development of the traffic model can be collected by
third-party survey companies, there is certain data which should only be collected by an
experienced modeller to ensure accurate data collection. In addition, all third-party survey
data should be checked thoroughly by an experienced modeller with local area knowledge
to ensure that it is fit for purpose.

Data Accuracy

Collection of high-quality, accurate traffic data, network characteristics and site
observations is extremely important for the development of any traffic model. A significant
amount of data collection will be required to produce well-calibrated and validated models.

Modellers should be satisfied with the accuracy of all data used for modelling purposes and
ensure that it is included in the modelling report.

All traffic volume data should be checked thoroughly by someone with local area knowledge
to ensure validity as there is significant potential for error when collating large volumes of
traffic data. The raw data collected should be provided as part of the model submission.

Ideally, all data collected, all observations made and all measurements taken should be on
the same day. As this may not be possible, particularly across networks where all data
collection and measurements need to be undertaken across multiple sites in one peak hour,
it is recommended that surveys be designed to capture as much information as possible by
video so that observations and measurements can be made off-site without time
restrictions.
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2.10.2 Site Observations

Site visits should be carried out during traffic count surveys to collect relevant calibration
and validation data and ensure site conditions remain typical. These visits are important as
travel time, degree of saturation and queue length surveys should ideally be conducted
while traffic counts are taking place. Multiple factors, such as traffic management, may have
an impact on survey results and it is important that these, in addition to the usual weather
and incident reports provided by survey companies, are identified.

A range of data can be collected and recorded while on-site. To assist in the calibration and
validation of the traffic models, it is important that site data, SCATS traffic data and signal
data is requested for the same day that the traffic surveys are undertaken.

2.10.2.1 Typical Traffic Conditions

When collecting traffic data, it is important that the data collected represents typical
conditions and that the network is operating normally. It is necessary to avoid collecting
traffic data at particular times of the year, on particular days or when incidents, works or
bad weather could have an impact on traffic demand, traffic patterns or driver behaviour.
When possible, data collection should be avoided during:

Mondays and Fridays,

school or university holidays,

public holidays,

roadwork or temporary road closures,

bad weather,

events (for example, demonstrations or festivals),

traffic incidents, and

=A =4 =4 =4 4 -4 -4 4

faulty operation of traffic signals.

When organising traffic surveys, the modeller or their representative should contact Main
RoadsoNetwork Operations directorate to ensure that normal traffic conditions are expected
during data collection periods. As unplanned incidents may occur, a contingency plan to
collect data at a later date should be made.

Incidents, traffic signal faults, roads works and events affecting road networks are published
externally in real time during incident operationsinMa i n Ro ad s 6 tolinfoanvaed Ma p
assist road users with planning their journeys. These incidents are also logged by Main
RoadséIncident Information Management System (WebEOC).

Data should be collected for all critical time periods to be assessed. The time periods to be
assessed should be defined in the project brief and at least three hours of data should be
collected for each peak period (AM or PM) to ensure that both the peak period and the
shoulder of each peak is also captured. SCATS traffic data may be used to identify the peak
hour(s), which may assist the modeller in specifying the period when the traffic survey
should be undertaken.
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2.10.2.2 Stop Line and Non -Blocking Storage

Storage in front of the stop line is an important input for traffic models, particularly for filter
movements and also where left-turning traffic is required to give-way to pedestrian
movements. The practical storage in front of the stop line, and non-blocking storage at
mixed lanes, should be observed and recorded as part of the site visits. In SIDRA, storage
does not need to be observed, instead free queues are observed to confirm the number of
vehicles in a lane that may then block traffic movement.

2.10.2.3 Lane Utilisation

In some circumstances, lane usage may be incorrectly assigned in the traffic model
compared to what is observed on-site. This may occur for reasons including:

1 when a short turning lane blocks the through traffic lane,
9 exit blocking,

1 on street parking,

9 on street bus stops,
1 bus lanes, and

9 drivers familiarity with the local network.

The modeller should observe the actual lane utilisation when on-site, so that the model can
be calibrated appropriately.

2.10.2.4 Exit Blocking / Underutilised Green Time

When on site, it is important to check whether the study area is being affected by exit
blocking which typically results in the green time allocated to some movements not being
utilised effectively at traffic signals.
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Exit blocking refers to traffic at the stop line that has a green signal but cannot cross and
exit the intersection or when full saturation flow is impeded. An example of exit blocking
downstream could be traffic congestion at the next intersection downstream causing long
gueues to extend back to the study intersection. If exit blocking is observed, it is important
to note what causes the blocking and how much traffic is being blocked (the surveyed traffic
crossing the stop line may differ to actual demand at the intersection and should therefore
be included in the model to make sure the validation of the model is correct).

Underutilised green time (UGT) refers to the amount of green time in a signal cycle that
traffic is unable to discharge across the stop line at saturation flow rate despite the presence
of full demand. UGT is measured in seconds and is calculated when measuring the degree
of saturation.

There are two types of UGT:

1. 6Wasted greend is when traffic wants t
downstream blocking.

2. 6SwvlAtur ati on fl owb i s when traffic Crosse:¢

saturation flow, meaning the full capacity of approach lanes is not being used. This
can be caused by a number of factors including signal offsets, driver behaviour or
downstream blocking.

The appropriate modelling parameters should be modified as part of the calibration process
to take into account the observed UGT.

2.10.2.5 Degree of Saturation

2.10.3

Degree of saturation (DoS) is generally used to validate LinSig and SIDRA traffic models.

Ideally, a DoS survey should be undertaken on all critical approaches for each modelled
period, concurrent with all other traffic surveys. In order to achieve a sample that is
representative across a modelled period, sample data should be evenly spread across the
whole period to be modelled.

Saturation Flow

Saturation flow is defined as the maximum flow that can be discharged from a traffic lane
when there is a continuous green indication and a continuous queue on the approach. It is
an expression of the maximum capacity of a lane and can be influenced by a number of
factors, including road geometry, topography, visibility and vehicle classifications e.g. heavy
vehicles.

Saturation flow is a key parameter in traffic modelling and the accuracy of lane saturation
flow has significant impacts on model output. Where possible, Main Roads requires that
saturation flows of the critical lane(s) of each approach are measured on-site.

Refer to the Saturation Flow Information document (Appendix B of this guideline) for
guidance on how to measure saturation flows. It is available to download from the Main
Roads website.
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2.10.4 Cruise Time

For network models, cruise time is an important input to determine the current performance
of existing offsets and optimum offsets. Cruise time refers to the typical un-delayed time
taken for a vehicle in the middle of a platoon to travel between stop lines (assuming that no
delay is encountered as a result of traffic signals).

As it may be difficult to obtain accurate free-flow cruise times in congested conditions, cruise
time should be measured on-site, from stop line to stop line, ideally outside of the peak
period.

If it is not possible to measure the cruise time from stop line to stop line, another method is
to measure a free-flowing section of the link/route and then extrapolate for the whole
link/route distance, based on the relative lengths of the free-flowing and congested sections.

If there is reasonable justification for not measuring cruise times on-site, the posted speed
limit may be used instead. This option should be considered as a last resort, as each site
can be affected by external factors associated with the study area and the use of the posted
speed limit might unrealistically improve or reduce corridor performance.

2.10.5 Travel Time?3

A common technique used to assess the accuracy of a microsimulation model is to compare
surveyed and modelled travel times along key routes in the study area. This is an important
comparison since travel times can affect driver route choice and have a significant impact
on traffic volumes, contributing to delays and congestion. All travel times should be collected
under Onetworkntanditons, free from incidents and events. Traffic surveys should
also be undertaken on a neutral day (Refer to Section 2.10.2.1) in order to capture typical
traffic behaviour and levels of congestion.

When collecting travel time data, it will be necessary to disaggregate the route into smaller
predefined sections so that the location of key delays within the overall travel time can be
easily identified. These sections may be defined as being the distance between intersection
stop lines in an urban area. Travel time surveys should be undertaken on this basis, unless
alternative approaches are discussed and agreed with Main Roads.

If private transport travel time measurements are required for microsimulation validation,
theseshoul d be performed usingThkhke 661t badi hggcaal
involves one or more survey cars driving along prescribed routes within the study area and

recording travel times for the predefined sections. The survey car(s) should attempt to

balance the number of vehicles overtaking with those being overtaken, while remaining

within the speed limit. Where stop lines are used to define the sections of a route, travel

time measurements should begin and end immediately after crossing the stop lines. These
segmented travel times provide valuable information with respect to signal coordination and

queue delay, which may be useful during later model development.

3 Some content in Section 2.10.5 has been adapted from the Roads & Maritime Servi ¢ el'sffic Modelling
Guidelines and reproduced with permission.
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2.10.6

Make sure that a sufficient number of travel time samples have been undertaken during the
data collection stage of the study. This will provide an accurate understanding of:

9 average travel time for each route

9 variability in travel time for each route.

It is recommended that at least six observations are needed in order to derive a statistically
reliable estimate of average travel time. Collecting multiple travel time observations also
allows analysis of travel time variability (range, maximum, minimum and standard
deviation). This information is useful to compare against model outputs during base model
validation.

Main Roads supports and encourages use of new and innovative technologies for collection
of travel time data, including the use of GPS or other similar data sources.

In addition, Main Roads may have travel time data for specific routes and may be able to
provide access to this information. If so, this data should be disaggregated into sections.
The use of sections allows a cumulative graph of travel time along the route to be
developed. This type of graph can provide an accurate analysis that demonstrates how the
model is performing in each key section, rather than simply providing a total travel time.

Queue Length

Queue length data can be collected on-site and compared against modelled outputs to
provide an indication of how accurately the model replicates congestion on approaches to
key intersections in the model.

Although queue lengths are generally used to validate traffic models, the issues with both
queue calculation within traffic models and accurate on-site measurement have been well
documented. Despite these limitations, queue length data does provide a measure of
intersection performance and un-serviced demand.

If queue lengths are to be collected as part of traffic surveys for use in model validation, the
following should be considered:

1 Queue lengths should be measured at the start of green period. A minimum of 10
samples should be collected across the peak hour. They should be collected on the
same day as the traffic survey.

91 Accurately identifying the length of the queue can be problematic as it can be difficult
to determine whether a vehicle is queued or not, and queue lengths are likely to be
subject to significant variation across a data collection period.

1 Queue lengths become highly variable on approaches that are operating at or close
to capacity; under these conditions it can be challenging to provide an accurate
prediction of queuing traffic when using intersection software such as LinSig and
SIDRA.

The level of accuracy in queue measurement surveys can often be lower than for other
surveys as the definition of a queue can be ambiguous as well as difficult to identify.
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2.10.7

Furthermore, counting or calculating queue lengths is a subjective exercise since queued
vehicles will often still be moving slowly and it will not always be clear what criteria should
be used to constitute a queue. Also, since data is likely to be collected by a number of
surveyors, it is unlikely that consistent and accurate reporting will be possible across the
study area.

Existing Traffic Counts

Traffic surveys can be performed on-site by manual counters, using fixed location video
cameras. Wherever possible, traffic counts should be recorded on the same day at all
modelled intersection and for all modelled periods. In some cases it may be acceptable to
use flow-factoring techniques, based on flows recorded during another representative peak,
but approval should be sought from Main Roads before applying this technique.

Main Roads should be contacted before commencing road traffic counts in order to
establish current best-practice for data collection and to ensure data formatting complies
with Ma i n Requideménts. For certain projects 24-hour turning count traffic surveys
are required however where the project is a short term low cost improvement usually for
local road suburbia areas, 24-hour surveys may not be needed. Traffic survey requirements
can be confirmed at the scope meeting, when commencing the modelling process.

2.10.7.1 Time Period and Duration

The time and duration of the peak period to be modelled will be determined from the survey
count data. This should represent the time within the survey period during which the largest
total volume of traffic was observed. Although a modelled peak period is typically one hour,
longer peaks may be appropriate where necessary.

To help minimise survey costs, historical traffic data can be used to identify the likely period
when the peak hour will occur. Historical data can also be used to determine seasonal traffic
fluctuations, variations in traffic demand during school holidays or public holidays and actual
travel demand on an average weekday.

Types of historical data that can be used include:
1 Classified turning traffic count surveys.

9 SCATS traffic data (this can be requested from Main Roads using the SCATS request
form if this is not available on trafficmap).

T Metropolitan traffic count data (avai.l

2.10.7.2 Un-met Traffic Demand

Un-met traffic demand is generally the remaining queue of vehicles which could not pass
the stop line at the end of the study period. When traffic signal green time is short or exit
blocking exists, a traffic count at the stop line may not represent the actual demand for the
movement. In these situations, the traffic demand should be captured from the upstream
links or estimated from the residual queues.
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2.10.7.3 Site Survey Classification

Site Survey Classified turning counts should be obtained at each intersection, with light
vehicles and heavy vehicles being surveyed at a minimum. It is recommended that
Austroadsoé vehicle classification system is applied as shown in Table 2-1Table 2-2.
Pedestrian counts should also be carried out if required. Traffic survey requirements should

be agreed with Main Roads6 Net wor k Op er ajpriordonagy data aoleeatianor at e

being carried out.

Table 2-2: Austroads Vehicle Classification

Austroads Class Vehicle Type

1 Short Vehicle
Short Vehicle Towing
Two axle truck
Three axle truck
Four axle truck
Three axle articulated
Four axle articulated

Five axle articulated

© 00 N O 0o b~ W DN

Six axle articulated

B-double

[N
o

Double road train

[EEN
[EEN

12 Triple road train

2.10.7.4 Vehicle Detection Stations

Main Roads has a system of Vehicle Detector Stations (VDS) collecting real time freeway
traffic data. The data is used for traffic management functions (detecting incidents, traffic
flow information) and is archived in STREAMS and NetPReS for planning and historical
analysis.

Detector statiopavament gpseabbysficonfigured
volume, occupancy and speed on a lane-by-lane basis.

Advantages of VDS are:
9 high sampling rate (clocse to 100 per cent),
9 high temporal resolution (up to one minute), and

1 measures speed, occupancy and volume.

VDS sensors are spot measurements and may not accurately reflect upstream or
downstream conditions in stop/start traffic.

VDS data can be provided to Main Roads or external consultants engaged by Main Roads
on request.
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2.10.7.5 Network Traffic Surveys

For networks with complex route choices, an Origini Destination (OD) survey may be more
appropriate. The chosen approach will depend on the road network being modelled and the
type of software being used.

Using an OD survey improves data accuracy and reduces the time required to analyse
traffic surveys taken at individual intersections. As OD surveys are expensive, an alternative
option is to carry out a desktop analysis of individual surveys and create a traffic flow
network for each period being modelled. When using this technique, the following should
be considered:

1 Check to see whether traffic leaving one intersection arrives at neighbouring
intersections. If there is a discrepancy of more than five per cent between
intersections, the modeller should augment the classified counts with short site
surveys to determine if there are other major sinks and sources of traffic (for example,
side roads, car park entries and exits) that were not captured in the original survey. If
sinks or sources are found, 15 minute spot counts should be conducted in order to
estimate hourly flow rates.

91 Analysis of traffic flows across the network as a whole may identify a particular count
site as being in error (for example, if flows at neighbouring survey sites are inexact by
a similar value). Where a manual counting error appears to have been made, the
higher flow count from adjacent survey sites should be used, as it is more common
for errors to be the result of under-counting than over-counting. This also represents
the worst case scenario as far as the network is concerned, as the highest observed
flow will be modelled.

1 ROM2 4 base year model data may be used as a form of calibration if a desktop
study was carried out to determine the OD movements of the intersections combined
as a network. If ROM24 data is available, a sub-area matrix from the model may be
extracted for the study area.

2.10.7.6 Heavy Vehicles

When undertaking traffic counts, light and heavy vehicles must be considered (Refer to
Section 2.10.7.3). A detailed breakdown of heavy vehicle may be required where heavy
vehicles are found to have a significant impact on intersection/network performance, such
as:

9 restricted access vehicles (RAV) routes,
9 around construction sites,
1 freight routes, and

 commercial areas.

Confirm Mai n Ro a drshéavyvehglasidata colleatidn prior to any surveys
being carried out. It may be necessary to categorise the vehicles using the Austroads and/or
restricted access vehicle (RAV) classification system.

Page 19 of 271



Operational Modelling Guidelines - Version 2.0

In Western Australia, heavy vehicles tend to be larger than the default vehicles used in
some traffic model software. As such, it is important to confirm whether the heavy vehicles
that pass through the study area are modelled correctly. Depending on the model software,
the following may need to be considered:

gap acceptance(s),
loaded mass (kg) and engine power (kw),
deceleration and acceleration,

speed acceptance, and

=A =/ =4 =4 =4

clearance (m).

2.10.8 Future Traffic: Growth Factor Techniques

There are various methods that can be used to forecast traffic flows for input into traffic
models. At Main Roads the following methods are generally considered:

9 historical growth
i strategic model growth.

2.10.8.1 Historical Growth

The historical growth method uses historical data to confirm what the annual traffic growth
has been in the area. Historical traffic data tends to be used to identify the growth using
Metropolitan traffic count data, SCATS traffic flows or turning count survey data. This
provides a basis for understanding changes in traffic growth patterns.

Where strategic model data is not available or deemed unsuitable, analysis of historical
traffic growth data is often used to carry out short to medium term modelling.

2.10.8.2 Strategic Model Growth

Calculating traffic growth using a strategic model may provide a more accurate analysis of
the likely future traffic flows within the study area. Generally, strategic models take into
account future land use, road upgrades and public transport schemes along with other
factors that influence trip generation and trip distribution which are not be represented in
historical data.

Main Roads®é st r atseRpMZI cambedused for calaulatihg traffic growth.
DoT6 Strategic Transport Evaluation Model (STEM) is another model that may be used for
growth rate estimation. Access to either strategic model is restricted to use in government-
related projects, with the exception of projects where there is likely to be significant impacts
on local or state roads.

Furthermore, Strategic Models cover large areas and whilst it includes the major road
sections, not all minor roads are coded into the model. This results in more traffic on links
than expected therefore turning volumes at intersections, particularly for the peak period,
should not be relied upon. It is important with outputs from Strategic models that some
adjustment is applied to the data; this is discussed further in Appendix C, however
confirmation on the agreed process is also discussed during the scope meeting.
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2.10.8.2.1 ROM24

ROM24 (24-hour Regional Operations Model) is Main Roadséstrategic transport model. It
covers the entire Perth Metropolitan region from Yanchep to Mandurah and used to model
travel demand patterns based on different land use, transport and pricing scenarios.

Based on land use data provided by the Road Planning Branch, ROM24 currently has
separate models for 2016, 2021, 2026, 2031, 2036, and 2041 which are regularly updated.

ROM24 provides forecast traffic volumes for each peak of an average weekday, as well as
for the full 24-hour period. As data is generally considered to be most accurate when taken
over the full 24-hour period, daily forecast traffic volumes are used in most situations. In
some situations the use of peak period forecasts (for example, 7am-9am or 6am-9am and
4pm-6pm or 4pm-7pm) may be more appropriate.

A wide range of data outputs can be generated from ROM24 including:

9 Zone boundaries map to show how land is divided, and what land use is assumed for
each zone. Zone boundaries can be requested with centroid connectors so that the
modeller may understand how traffic is loaded onto the road network.

9 Link volume plots T provides modelled forecast traffic volumes for each direction on
each road link for a selected model area.

9 Turning volumes diagrams (24-hour only) T provides intersection turning movement
volumes at any intersection represented in the modelled network.

9 Select link plots T plots the distribution of total traffic flows across the network using
a specific selected link. This can be used to determine traffic distribution and re-
routing.

9 Sub-area matrices i provides a matrix of traffic flows within a specifically requested
sub-area of the overall model. Sub-area matrices are useful in the determination of
trip distribution in the specified sub-area model network and can be used to calculate
the overall modelled growth rate for the selected sub-area.

When ROM24 data outputs have been provided by Main Roads, it is the responsibility of
the modeller to calibrate the ROM24 data before future traffic flows are determined.

ROM24 outputs can only be requestedf or Mai n R o ardia lbocapGowejnmentt s
ROM24 requests can be submitted to TMS@mainroads.wa.gov.au, Asset & Geospatial
Information Branch, Planning and Technical Services Directorate.

Ma i n Rutu 3réffic Demand calculations for Operational Modelling (Appendix C of
this guideline) includes guidance on how ROM24 data can be used to calculate and
determine future traffic flows for the traffic model. In addition to future traffic flow data, the
outputs can provide a better understanding of existing traffic behaviour and trip distribution.

The intention of the Appendix C is to provide guidance in future traffic flow calculations for
projects submitted directly to Mai n Roads® Network Operations
submitted projects for traffic signal approval). Future traffic flow methodology and approval

within Main Roads depends on the project; as there are several methods for calculating

future traffic flows, it is important that the most appropriate method is discussed and agreed

upon at the scope meeting.
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2.10.9 Traffic Demand Estimation from Strategic Model

If traffic demand is based on the strategic model, it is recommended that the demand matrix
is developed from cordoned strategic demand data. Figure 2-2 below outlines the process
for estimating traffic demand:

Figure 2-2: Demand estimation methodology

Strategic Model Matrix

l«——— Zone Disaggregation

\ 4

Initial Matrix

[«——  Matrix Furnessing

Y

Furnessed Matrix

¢ Static Adjustment

v

Adjusted Matrix

<+—— Departure Adjustment

v

Profiled Adjusted Matrix

«—— Manual Adjustment

\ 4

Final Matrix

2.10.9.1 Trip Balancing

As part of the development of the model, surveyed count data, SCATS counts data and
other count data should be analysed to develop an indication of volumes at locations
throughout the network. As the count data is usually collected from different sources and at
different times, there may be discrepancies between the upstream and downstream flows
on some road sections. The counts should be carefully balanced to minimise these
differences without excessively distorting the collected data.
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2.10.9.2 Matrix Furnessing

The prior matrices should be adjusted to reflect the collected survey data using the Furness
method. The Furness method of matrix updating is an iterative process to derive matrices
that result in the best match to trip end count data. Trip end totals for each zone should be
formed from external link survey data, internal link survey data and other filler zones with
the values based on surveys, surrounding land use or the number of individual households.
Within this, individual OD pairs should be fixed to known survey values or established during
the calibration process.

2.10.9.3 Static Adjustment

Static adjustment is a procedure that should be used to calibrate an OD matrix, from a prior
matrix, using available section/detector traffic counts or turn traffic counts. The solution
algorithm is based on a bi-level model solved heuristically by a gradient algorithm, and
includes an assignment during each iteration.

In order to achieve a consistent route choice outcome, it is important that the modeller uses
the same settings for static OD adjustment as for the static assignment.

Matrix elasticity is a value between ®@6and ddwhich indicates the elasticity of the adjusted
matrix in regard to the original matrix. A ®6value means that no variation is allowed and 4.6
value means no variation is penalised. A value of ®.56adds the objective of keeping the
original total demand value per cell per user class to the algorithm with the same weight of
the objective for matching detection. The recommended value should be between ®.56and
do

Maximum deviation permitted should be set up for matrix adjustment. Tests should be
carried out to compare different scenarios using different maximum deviation permitted
values. The scenario which achieves the best GEH results (refer Section 2.12.2.2) without
significant change to the general composition of the prior matrix should be applied.

Reliability can be set up to apply different weights to different data locations. If no reliability
values are set, they are taken as d.6by default and the adjusted weight values become the
final reliability. Generally, different reliability values should be used for data sets from
different sources.

2.10.9.4 Departu re Adjustment

Departure adjustment is a procedure that should be used to create a profiled demand from
a static demand. To obtain profiled demand, the original static demand should be distributed
through smaller time intervals (for example, every 15 minutes) over a simulation period. The
objective is to reproduce the observed traffic counts specified in the real data set per interval
while keeping as close as possible to the original number of OD trips for the period.

As with static OD adjustment, the recommended value for matrix elasticity should be
between ®.56and d.6

The maximum deviation permitted should be the same as the value used in the static OD
adjustment. Tests should be undertaken to compare different scenarios using different
demand bounds. The scenario which achieves good GEH results (refer Section 2.12.2.2)
without significant change to the composition of the prior matrix should be applied.
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2.10.9.5 Manual Adjus tment

As the last step to match the observed turn counts with the modelled turn counts, the
modeller may need to make manual adjustments to the model. Any adjustments must be
recorded in the modelling report.

2.10.10 Public Transport

The level of Public Transport (PT) detail required within a traffic model will depend on the
objectives of the project and the impact that PT may have on the overall operation of the
network.

Although the development and calibration of PT elements within a model varies on a case
by case basis, for the majority of arterial roads under congested conditions there would be
a requirement to model bus operations.

PT modelling may be required where there are:

9 Buses stopping at on-street stops.

9 Buses merging with general traffic from indented bus stops.
9 Bus lanes for full or part links.
1

PT phases in signal operation altering available green time for general traffic
movements.

When the intended purpose of the modelling is to test PT schemes, a higher level of detall
will be required for coding, calibration and validation of PT parameters.

2.10.10.1 Coding inthe Traffic Model

PT vehicles are generally defined as an independent vehicle type within the model, but are
assigned separately as a PT line with headway/frequency. The coding of PT demand and
routes depends on the software being used.
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2.10.10.2 Public Transport Demand

PT services should be coded in the model based on timetable data sourced from the
relevant Public Transport Authority (PTA).

In some areas, non-scheduled bus services may occur (for example, school buses, dead
running). To identify these services, existing PT vehicle movements in the timetables should
be removed from the turning count survey. For future traffic model scenarios it is
recommended that PTA is contacted to confirm any intention of increasing the existing bus
frequency or if there are proposed new routes/rerouting within the study area. As part of the
submission of the traffic model, Main Roads may require confirmation that PTA was
consulted.

2.10.10.3 Public Transport Behaviour

The modeller should confirm whether the PT behaviour evident in the area is likely to have
a significant impact on the network and code this information in the traffic model accordingly.

Site visits may assist in identifying the impacts of PT operations and may provide insight
into driver behaviour.

An example of the type of observation which can made on-site is the means by which public
transport vehicles leave and re-join the main flow of traffic. Where there are indented stops,
the interaction of the PT vehicle with traffic in the main flow can have implications on travel
times for the public transport service itself and also general traffic.

PT behaviour and any subsequent adjustment to the local capacity can then be calibrated
within the model to ensure consistency with the on-site observations.

Page 25 of 271



Operational Modelling Guidelines - Version 2.0
. ____________________________________________________________________________________________________________________________________|]

2.10.10.4 Dwell Time

Dwell times at bus stops should be coded for PT services using available datasets. Where
the dwell time is likely to have a significant impact on road capacity and congestion, dwell
time surveys should be undertaken to establish a distribution that can be applied within the
model. Where detailed modelling is required, the number of passengers should be counted
and the boarding and alighting rates should be measured.

2.10.10.5 Traffic Signals with  Public Transport Priority

Other issues that may require attention in the modelling include PT priority at traffic signals
and signalised level crossings. The operation of signals at level crossings may be linked to
adjacent signalised sites and this should be investigated prior to coding. For complex
situations, microsimulation models should be developed using vehicle actuated signals.

2.10.11 Pedestrians

Pedestrian facilities are provided to assist
pedestrians in safely crossing the carriageway.
Pedestrian crossings can be standalone or
incorporated within intersections. Details of the &=
. . . ™ w——
various types of pedestrian crossings and gy
faciliies available in Western Australia are MM
available in Mai n R o Gudiglites for

Pedestrian Crossing Facilities at Traffic Signals.

TR UROROCOOO oo

The guideline outlines good practice for the
design and construction of pedestrian facilities
and focus on mid-block crossings and pedestrian
crossings at signalised intersections, which are
the most common pedestrian crossing types
included in traffic modelling.

2.10.11.1 Modelling Pedestrian Crossings

The needs of all road users, including
pedestrians, should be addressed when
considering design options at signalised
intersections.

Detailed pedestrian modelling may be required for pedestrian-related projects or where the
interaction of pedestrian and traffic movements is to be assessed. In such cases, more
detailed pedestrian information must be collected.

Main Roads must be consulted to confirm if pedestrian modelling is required. Any
justification for the exclusion of pedestrians from modelling must be documented in the
modelling report.
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Modellers should have an understanding of the volume and location of demand for
pedestrian movements around the study area, and how pedestrian interactions with traffic
may cause an impact to the traffic operation. This information is useful for accurate
modelling and can be obtained from on-site observations and from pedestrian surveys
(usually taken as part of the traffic survey). Pedestrian desire lines, which identify major
pedestrian movements, should also be recorded. This data is useful in the design of
intersection layouts and signal timing plans, and should be used to ensure that proposed
facilities will be effectively used by pedestrians.

Modelling software packages provide a variety of ways to account for pedestrian activity
and the modeller should choose the most accurate and relevant method for the project®.

2.10.11.1.1 Pedestrians at Zebra Crossings

As heavily used zebra crossings can cause delays to traffic and restrict the capacity of the
local road network, it is important to code zebra crossings and calibrate the associated level
of disruption (distribution of times that vehicles are stopped) to replicate observed
conditions.

The modeller should assess locations where zebra crossings are likely to have a significant
impact on vehicle travel times or where they are likely to discourage drivers from using a
route (either due to the delay or the perceived delay that they cause). The level of delay
observed on-site should be replicated in the modelling by coding a set of dummy signals or
explicitly coding pedestrian movements across the zebra crossing (subject to the software
being used providing such capability).

2.10.11.1.2 Pedestrians at Mid-Block Signal Crossings

In addition to the delaying of traffic during the pedestrian dnvitation-to-c r o s s 6 amq@er i od

clearance time at mid-block signalised crossings, the platooning of vehicles on the network
are also impacted. Signal coordination with nearby intersections and potential queuing to
the upstream intersection due to the midblock crossing should be considered as part of the
modelling assessment.

2.10.11.1.3 Pedestrians at Signalised Intersections

Signalised intersections are one of the key locations where pedestrians and vehicles
interact. Pedestrian use of these facilities can have significant impacts on network capacity,
affecting left, right and (in the case of shared lanes) through movements on some
approaches. There are a number of reasons why this may occur, including:

1 An exclusive pedestrian phase is activated, increasing delay for traffic waiting at the
stop line and possibly reducing the green time available in subsequent phases.

9 Pedestrians crossing during a traffic phase (with or without full pedestrian protection)
have priority over turning traffic and reduce the capacity of the traffic movements by
blocking the exit for a proportion of the allocated green time.

9 Phase durations are extended beyond the time needed for the traffic demand when
pedestrian signal groups are activated, due to the long clearance times needed for
the pedestrian signal groups.

“The

modelling scenarios have been ad aTpaffieMbdeflingGudelindgsandRo ad s

reproduced with permission.
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The modeller should assess the impact of pedestrians on traffic movements during site
visits in order to develop an understanding of locations that are subject to significant
capacity constraints. Where the pedestrian impact on traffic is significant, this should be
simulated in the model to improve calibration and provide a more realistic outcome.

2.10.11.1.4 Existing Pedestrian Signal Timings

Existing pedestrian signal timings (invitation to cross, delays and clearance, demand
frequency) under SCATS controlcanbeo bt ai ned f r o maffivheap or rediestedl s 6
from Main Roads using the SCATS request form for historical data for a specific date. This
data can provide an indication of the number of times that pedestrian phases are activated
during signal operation, allowing the coding of vehicle actuated signals to simulate the call

of pedestrian phases on an appropriate basis for any given time period. While this provides
useful information on the activation frequency of the phase, it will not provide an indication

of the actual volume of pedestrians and the disruption caused for left or right turning
vehicles.

2.10.11.1.5 Proposed Modifications to Pedestrian Signal Timings

When upgrading signalised intersections or proposing new sites, Ma i n R Guiddlined
for Pedestrian Crossing Facilities at Traffic Signals must be referred to for best practice
guidance on the provision of pedestrian crossing facilities and the appropriate Timed
Control type for safe and efficient operation.

Changes to intersection layout and traffic lane widths would have an impact on the
pedestrian crossing length which affects the pedestrian signal timings. Modellers must
review and update the pedestrian walk time (green figure) and clearance times in the
proposed models, refer to Appendix A for information.

When developing proposed models, various pedestrian crossing activation frequency
scenarios may need to be modelled for scheme assessments; Main Roads should be
consulted to agree on the activation frequencies to be modelled.

Modelling pedestrians can be challenging (correctly modelling pedestrian demand, zebra
crossings and shared space) and achieving successful outcomes depends on the
capabilities of the modelling software.

2.10.12 Signal Data

As it is important that base traffic models are built to represent the current arrangement of
the intersection(s), signal phasing and signal group labelling should be consistent with that
employed on-site. In addition, pedestrian walk and clearance times, as well as minimum
green, late start, early cut-off, all red and yellow times, should also be identical to those
currently employed.

To ensure consistency in the traffic models developed, it is recommended that SCATS
signal data is used when modelling any signalised intersection. This data can be requested
from the Main Roads website using the SCATS request form if not available from trafficmap.
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2.10.12.1 SCATS Timings

To assist with the development of traffic models, Main Roads currently provides access to
a wealth of SCATS data. Available information includes, but is not limited to:

Pavement and Signage Drawing ( Light Maintenance drawings , LMB®) to identify:
M lane configuration
1 permitted movements
Traffic Signal Arrangement Drawing (LMA  °) to identify:
1 signal group numbers
M phasing arrangement
9 detector locations and numbers (for interpreting SCATS traffic volumes)
1 signal lantern configurations per signal group
M filtered movements
Signal Data spreadsheet which contains following tabs:
1. Site tab to identify:
1 TCS number(s)
1 SCATS region(s)
2. Timings tab to identify:
phase late start
phase minimum green
phase early cut-off green
phase yellow
phase all-red
phase maximum green
pedestrian delay times

pedestrian walk time

pedestrian clearance 1 and clearance 2 times

=A =4 =4 =4 =4 4 4 -4 -4 4

pedestrian protection time

5 LMB plans are signs and lines drawings showing the built geometry, carriageway widths and lane utilisation.
6 LMA plans are traffic signal drawing plans that show the location of existing signal heads, SCATS detector loops and
existing signal phases.
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3. Link and Offset Plans tab to identify:
1 subsystem
1 coordinated phases plans
1 link plans
91 upper/lower cycle lengths
4. SCATS Phase History tab to identify:
9 operated phase lengths
9 operated cycle lengths
9 operated phase sequences

9 traffic phase demand frequency
Detector Volume Data spreadsheet also contains SCATS traffic volume data.

Phase Sequence Chart which generally contains late start, delays, pedestrian protection
and special facilities.

Strategic Monitor (system data) to identify selected link plans by SCATS.
SCATS Event History data to identify alternative phase and pedestrian demand frequency.
Traffic flow data (lane by lane)’.

SCATS should not be used as the primary source of traffic counts. The disadvantage of
SCATS data is that sometimes not all traffic is captured and there may be instances when
the detectors are not working or may not be available for some turning movements (for
example, at left-turn slips at a signalised intersection). Furthermore, SCATS detectors
cannot determine turning proportions when the approach lane is shared by two movements
(for example, left turn and ahead).

2.10.12.2 Phasing and Sequences

For new signalised intersections or when upgrade to an existing signalised intersection(s)
is proposed, the existing phasing should be reviewed and alternative phasing and phase
sequences may be proposed, taking into consideration road user safety and intersection /
network performance. To ensure that the proposed phasing and phase sequences will be
acceptable to Main Roads, refer to Appendix A which details the standard phasing and
phase sequences that can be used as a starting point.

7”Where there is a detector at the lane approach SCATS traffic count data can be collected. This data can be
used to identify peak hour traffic demand and the appropriate time periods for the traffic model. Subject to

Mai n
data.

Roadsd agreement, SCATS traffic diatarrang coanysuraey s o
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2.10.12.3 Demand Dependency

Demand dependency relates to the calling of a signal phase (for pedestrian or traffic) only
if it is demanded. For pedestrians, this is when the pushbutton is pressed while for traffic
this is when the presence of a vehicle is detected on one or more of the detector loops
located at an intersection. If a signal phase is demand dependent, it is important to know
how often the phase is called so that the green time allocated to those movements in the
appropriate signal phase is realistically modelled as part of the calibration process.

Demand dependency can be determined using history file viewer which can be requested
from Main Roads.

2.10.12.4 Fixed Time/VA/SCATSIM 8

It is recommended that fixed time signals are used to model the average SCATS timings
for the peak period, if any SIDRA or LinSig traffic model is to be reviewed by Main Roads.

Signalised intersections can be modelled in microsimulation software using a number of
different techniques. Main Roads may recommend a technique to apply for signal control
within the project brief. If the brief does not provide signal control guidance, the modeller
should apply the technique that is most appropriate for each site by taking into account the
significance of each site to both the study area and to the operation of the network. The
preferred technique for each location should be agreed with Main Roads prior to the
development of a traffic model.

Three techniqgues are commonly used when coding signalised intersections in
microsimulation models:

1. fixed time signals
2. vehicle actuated signal coding
3. SCATS operation through the SCATSIM interface.

2.10.12.4.1 Fixed Time Signal Timings

Average signal timings can be derived from SCATS data provided by Main Roads, site visits
or a combination of both. In locations where signal timings show significant variability over
the modelled period, it may be necessary to operate a number of fixed-time plans
throughout the modelled period (subject to the software offering this functionality).

2.10.12.4.2 Vehicle Actuated Signal Timings

In more complex situations, signals may be coded using vehicle actuated signals. These
signals operate under a dynamic plan responding to calls from detectors or other controller
logic to provide variable green times, phase calls and cycle times. Vehicle actuated signals
provides an excellent representation of intersections that respond to demand from detector
loops in the road or for intersections that include public transport priority phases, pedestrian
crossing phases or similar. Vehicle actuation can also be used to simulate ramp-metering
operations, part-time signals and other logic-controlled situations.

8The timing information has been ad a praficModelingGuideliree Ro ad s
and reproduced with permission.
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2.11

2.10.12.4.3 SCATS Signal Timings

In some cases it may be necessary to simulate the SCATS system of signal control within
the model. To do this will require the use of the SCATSIM interface and it will be necessary
to obtain data from Main Roads on the current operational set-up. The use of SCATSIM is
not required for all projects and will only be requested when it is considered to be critical to
the study. As this method of signal control requires significant Main Roads resources, the
agreement of NO should be sought prior to specifying that SCATSIM will be used.

Intergreen Calculations

In existing traffic models, intergreen calculations are based on the SCATS signal timings. If
modifications are proposed at the existing signalised intersection, the modeller should
confirm whether the intergreens would need to be amended to accommodate the proposed
modifications (for example, an additional lane may increase both pedestrian and vehicle
intergreens).

For intersections where traffic signals are proposed, for intergreen calculations refer to
Appendix A
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2.12

2.12.1

Calibration and Validation

This section provides detail on calibration and validation considerations, so that site
characteristics and behaviour are accurately replicated in traffic models.

The modelling report must include separate sections for documenting the calibration and
validation process. The modeller must detail which datasets have been used for each
process. It is important to note that validation data must be independent and cannot have
been used during calibration.

Model Calibration °

Calibration describes a wide range of adjustments that can be made to model coding,
parameters and demand in order to assist in the development of an accurate representation
of on-street conditions. Calibration can generally be split into three core areas:

1. Network verification T refinement of network inputs.
2. Demand calibration i refinement of trip volumes, patterns and driving behaviour.

3. Route choice calibrationi r ef i nement of parameters
decisions.

Each of these core areas should be investigated and addressed as a part of the overall
model calibration.

These core areas are described in more detail in the sections below. While the focus is on
microsimulation models, the information is also applicable to deterministic models (such as
SIDRA and LinSig).

The calibration of a parameter in one area of the model may have subsequent and
unexpected impacts in other areas of the model. It is important to develop a calibration
strategy and to approach each step in a logical and disciplined manner. Generally, it is
advisable to adjust one single parameter at a time so that the impacts of the change can be
isolated and understood when the simulation is run. Adjustments should be logical,
reasonable and appropriate for purpose.

It is unlikely that a single iteration of calibration addressing each of the core areas will
achieve a sufficiently accurate model in the first attempt. There may be circumstances
where the input or parameters used to calibrate the model need to be recalibrated so that
the model outputs match site observations. A number of iterations are usually required
before the base model is refined to a level of detail that is fit for purpose and will provide
reliable forecasts going forward.

Model <calibration information has beenTrafft Mpdellmgl f r om

Guidelines and reproduced with permission
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2.12.1.1 Basic Network Coding

The initial network coding phase is an important stage in the overall development of the
model. The creation of a basic network that is of a consistent and accurate standard can
significantly reduce the duration of the subsequent model calibration process. Each area of
the network should be verified over the course of the calibration process to ensure that it is
accurately representing the observed capacity and driver behaviour for that location.

As it is likely that many links and intersections will exhibit similar characteristics, the initial
development of a consistent approach to coding provides a stable platform from which to
undertake subsequent calibration adjustments.

Each software package represents road networks in a slightly different manner. Some
packages use a link and node structure while others use a link and connector structure.
Regardless of the technique employed, there are a number of key parameters that must be
coded when developing a basic network:

1 number of lanes

9 lane widths

9 lane closures or restrictions
9 elevation or gradient

9 basic geometry (based on an accurately scaled background)

In all cases, links and intersections must be coded to represent their on-site operation.
Aerial photography and survey information may not adequately reflect localised vehicle
behaviour or may simply be out of date. Modellers should include any changes made to the
model during the calibration process as a result of field observations in the modelling report.

2.12.1.2 Vehicle Speeds

Posted speed limits should be assessed for the full extent of the study area and coded
during the base model buil d. The posted spee
RIMS. This data will provide a starting point from which any further localised adjustments

can be made as required. The method by which the posted speed limits are applied also

varies between software with some applying speed distributions to entire links and others

using explicit locations to inform drivers of speed changes.
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Each software package provides default speed distribution categories that can be used
during the initial stages of modelling. As in some cases the distributions may not be
appropriate for the localised area, it may be necessary to make adjustments. In some
studies (particularly those assessing freeway operations) it is possible to acquire point-
speed data from detector loops or other sources. The analysis of this data for periods of low
traffic flow can provide an indication of appropriate speed distribution for vehicles under
free-flow conditions. This speed data can replace the default software values that represent
desired speeds and is a useful calibration tool to ensure that localised driver behaviour is
more accurately simulated within the model.

In areas of the network that experience congested conditions, it is inappropriate to adjust
speed distributions in the model to match observed values as the observed values are a
conseqguence of the congestion. Observed values can be used as a validation parameter of
model outputs but not as a calibration parameter of model input.

For locations where speed data is not available, it may still be acceptable to adjust speed
distributions from the default values. In select cases, it may be necessary to adjust the
speed distribution on isolated links as a result of activities that cannot otherwise be
accurately represented within the model. Examples of this might include side friction from
pedestrian activity, narrow lanes, parking activity or visibility issues. The manual adjustment
of speeds on individual links should be a last resort and only used if other network coding
cannot adequately simulate the actual cause of the issue. If the modeller decides to apply
speed distributions on isolated links, these need to be recorded and justified (supply
supporting evidence) in the modelling report. Reducing speed distributions on isolated links
in order to match modelled travel times with observed datasets is not acceptable. Modellers
should use other methods to replicate the desired speed.
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2.12.1.3 Priority Intersections

Due to their prevalence across the entire road network, priority intersections often account
for a large proportion of all the intersections to be coded in a microsimulation model. They
form an important constraint on network capacity in many study areas and can cause
significant delays and re-routing in some models. Correctly modelling the parameters
associated with priority intersections is an important part of the wider calibration process.

Gap acceptance is one of the critical parameters affecting the capacity of approaches to
priority-controlled intersections. Many software packages provide default gap acceptance
values and care should be taken to ensure that these values are appropriate for each
modelled conflict location. It is not acceptable to assume that the default parameters are
suitable at all locations throughout the network without assessing the intersection
performance and calibrating values where necessary (for roundabout modelling, refer to
Section 2.13).

There are many factors that influence the value of gap acceptance and these should be
assessed and taken into account on an individual location basis (where a particular model
allows). Key factors that might affect gap acceptance include:

9 visibility
1 geometry
1 vehicle type

1 level of congestion

In locations where visibility is poor or the angle of approach or exit is acute, an increased
gap acceptance may be required. In some urban areas where congestion is severe and
drivers are prepared to take more risks (or are more familiar with the local network), the gap
acceptance may be reduced.

There may also be a need to specify different gap acceptance values for various user
classes within the model. Heavy vehicles often require larger gaps than light vehicles to join
fast-moving streams of traffic from side roads or to make right-turns across oncoming traffic.
If the modelled network has a significant volume of heavy vehicles, it may be necessary to
explicitly code different gap acceptance values for each vehicle type (where possible).

2.12.1.4 Blocking

In dense urban networks it is possible for intersections to become blocked by queuing
vehicles. As blocking can decrease the capacity of some movements at priority intersections
and roundabouts, it is an important calibration tool in defining the capacity and efficiency of
the local road network.

The nature of blocking behaviour should be observed on-site and replicated in the model.
Most software packages offer a direct or indirect method of achieving different levels of
blocking i either through specific blocking parameters or via the use of a number of other
network coding tools that can be applied through workarounds.

The location of blocking behaviour and the method by which it has been simulated should
be described in the modelling report as often cooperation between drivers allows for minor
road turns to take precedence over slow-moving major movements.
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2.12.1.5 Turning Lanes

Turning lanes allow traffic wanting to make a turning movement to queue without blocking
traffic on other movements. They can play an important role in local road capacity as
congestion can quickly develop when a turning lane becomes full and begins to block other
movements on the same approach. It is important to ensure that turning lanes are defined
correctly in terms of length, entry location and upstream driver awareness.

The correct calibration of turning lanes in the base model also has implications for any future
year scenarios to be assessed. This is important as many intersections in the network may
operate at or below capacity in the base year but subsequently operate over capacity in
future year scenarios.

Correct calibration of turning lane parameters in the base year may ensure that the
behaviour of vehicles within future year models is realistic and that the model will be able
to provide an accurate assessment of intersection performance.

If a carriageway is wide enough to accommodate passing vehicles but only line marked as
a single lane, it is reasonable for the model to be coded using two lanes to allow for passing
traffic. The modeller must ensure that the passing lane is available and not blocked by
parking, bus stops or local driver behaviour.

2.12.1.6 Signalised Intersections

Signalised intersections have a significant impact on the capacity of modelled traffic
networks as they are the focus of high-volume conflicting traffic movements that are only
allocated a portion of available green time to undertake their manoeuvres. The adjustment
of signal timings, and associated parameters that affect stop line saturation flow, directly
control the throughput of each approach in the model and often dictate capacity.
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For fixed signal timings, during the calibration stage signal timings should be verified against
SCATS data and observations made on-site to ensure that they provide an accurate
representation of typical operation. To account for variability across the peak period, limited
adjustment from the observed hourly average can be made. Signal offsets must also be
included in the coding of fixed time signals.

For vehicle actuation signal timings, signal timing settings, detector locations and control
logic should be sourced from Main Roads for each site to allow an accurate simulation of
the on-site control to be developed. Signal offsets must also be included in the coding of
vehicle actuated signals.

As both SCATS and vehicle actuation timings are dynamic by nature, it is useful to compare
the modelled operation of the simulated intersections against real-world data. This
comparison can help ensure that the model is adequately replicating the on-street
intersection control over the modelled time period.

Since most microsimulation model applications are for congested urban areas with many
signalised intersections, the accurate calibration of parameters is often critical in the
development of a robust base model.

The development of an accurate simulation of on-street signal operation has benefits
beyond the calibration stage of the modelling. One of the key benefits of microsimulation
over other modelling techniques is the ability to simulate signalised intersections operating
as part of an integrated wider adaptive control network or as vehicle actuated. To realise
these benefits during the scenario testing stage, it is important that base models are
developed to a sufficiently high level of accuracy.

In order to accurately code a signalised intersection, the light maintenance (LM) plans and
the relevant SCATS signal data for the modelled time periods should be obtained from Main
Roads (using the SCATS request form if not available from trafficmap). The intersection
coding should reflect the detail in the layout plan and should be confirmed during a site visit.
The length of turning lanes should be assessed from plans or from scaled aerial
photography and accurately coded into the model to reflect actual vehicle behaviour during
the most congested periods.

If a turning movement has a dedicated lane, it is acceptable for this to be coded as a
separate link to improve lane discipline on approach to the intersection. Care should be
taken to ensure that the entry point to the turning lane is accurately positioned, as observed
vehicle behaviour may not correspond with lane markings on the ground.

2.12.1.7 Saturation Flow at Signalised Stop Lines

Saturation flow is used in LinSig and SIDRA for calibration and is used in Vissim and Aimsun
for validation. The saturation flow modelled at signalised stop lines has a significant impact
on the throughput of any approach. There are a number of factors which may affect the stop
line saturation flow on-site and these must be replicated as closely as possible in the model.
These factors include:

1 geometry
1 gradient
9 visibility

1 gap acceptance for turning traffic
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9 lane width

9 downstream blocking

The method by which these factors can be controlled depends on the software package
used. Most packages allow for the use of gradient on individual links and this should be
coded as appropriate for each approach.

While some packages automatically assess the geometry of any turning movement and
reduce vehicle speeds accordingly, others require a reduction in speed to be applied
manually. Care should be taken to ensure that the geometry for each movement is taken
into account. It may be necessary to undertake a basic site survey of saturation flow in order
to assess the calibration of key approaches.

Visibility and lane width also have an impact on the saturation flow and should be assessed
on-site. Some packages allow for a visibility parameter to be coded directly into the model,
but if this feature is not available visibility issues should be accounted for using other
parameters (for example, adjustments to approach speed or gap acceptance).

Lane widths generally have no impact on modelled saturation flow in microsimulation
models and the implications of a reduced lane width should be taken into account using
other available parameters (if appropriate).

2.12.1.8 Lane Utilisation

Lane utilisation can significantly impact on
network capacity and network operation in
a congested study area and should be
calibrated against observed site
conditions. It is recommended that
modellers with significant local knowledge
undertake this process.

A number of different parameters can
affect lane utilisation and these should be
checked and adjusted as appropriate
throughout the network. Modellers should
undertake site visits during peak time
periods in order to observe lane discipline
and utilisation at all major intersections and
other areas of significant congestion. This
should enable driving behaviour that is
consistent with observations made on-site
to be developed within the model.

A key parameter affecting lane utilisation is
the upstream distance at which a driver will
become aware that they are required to
change lane for a downstream turn
movement. Lane utilisation can be
influenced by a number of factors including:
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9 Drivers who are unfamiliar with the local network may react to signposting or lane
markings that indicate the correct lane a short distance in advance of necessary turn
manoeuvre.

9 Drivers who are more familiar with the network may make the necessary lane choice
earlier in order to make changing lanes easier (sometimes this can be multiple
intersections in advance of the turn manoeuvre).

Each software package will provide a method of informing drivers of an upcoming lane
change through the use of an upstream awareness distance value. As distance values will
vary significantly between approaches and turn movements, they should be adjusted
throughout the model. A useful technique is to initially code these distances to reflect the
on-street signage and lane marking strategy and subsequently adjust any that require
further calibration due to other factors such as driver familiarity.

In order to improve lane discipline, it may be necessary to split approaches into separate
links. While this technique is acceptable to Main Roads when used for this purpose, if it is
applied too far in advance of the stop line then insufficient weaving distance or insufficient
friction due to lane changes may result.

Observations of lane utilisation for different vehicle types should be undertaken (if possible),
as some sites demonstrate clear segregation for various reasons (for example, some lanes
may be more attractive to heavy vehicles or buses due to lane width or turning geometry).
In addition, dedicated lanes (such as bus lanes) may operate at certain times of day.

On links that feed traffic from zones into the model it is important to ensure that the links
are sufficiently long to allow vehicles to make lane changing manoeuvres prior to the first
turn movement. This is particularly important for freeway links where unrealistic congestion
can occur if the fully signposted distance (as a minimum) is not modelled.

2.12.1.9 Public Transport

When calibrating PT in the traffic model, the modeller should take into consideration the
factors outlined in Section 2.10.10. The source of PT data, together with the dwell times
assumed in the modelling, should be documented in the modelling report.

2.12.1.10 Demand Calibration

Demand refers to the trips that drivers want to make from any given origin to any given
destination within the modelled study area (including unmet demand, refer to 2.10.7.1). The
demand must be calibrated to ensure that the vehicle movements within the model are an
accurate representation of the observed vehicle movements that exist on-site.

The demand calibration process comprises adjustments to the definition of different vehicle
types, the development of trip volumes for each OD pair and the profiling of the demand
over the total modelled time period.
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All software packages covered in this document (with the exception of LinSig) enable travel
demand to be segmented for a range of vehicle types. The differing characteristics of each
vehicle type can affect both route choice through the network and also the localised network
capacity. This is due to parameters such as acceleration rates, gap acceptance and vehicle
length differing greatly between vehicle types. It is important to ensure that accurate trip
demand is defined for each of the vehicle types to be modelled and that these demands are
later calibrated to an acceptable level.

The calibration of link flows and turning movements ensures that the model demand is
accurate over each hourly period. As microsimulation models assess the performance of
the network at every time step, it is also necessary to ensure that the model adequately
represents the peak travel demand within each hour. This is often referred to as profiling of
demand. The profiling of demand at major entry points into the model can have a significant
impact on the development of congestion and queue lengths throughout the network. In
some locations such as those near schools or areas where shift work is prevalent there may
be a short and defined peak when queues at nearby intersections quickly develop at a
specific time of day and then dissipate quickly as demand drops. Areas where traffic is fed
by more mixed-use zoning may have a flatter profile, with queue lengths sustained over the
entire time period.

An assessment of the study area should be made to understand the likely implications of
the local demand profile. This assessment should include analysis of count data throughout
the network and site observations from key locations. It is recommended that survey data
disaggregated into 15 minute intervals is sourced as this provides a good level of detail for
the development of a profile.

Profiles should be developed for as many zones as possible and for each vehicle type
(where possible). While a single adjusted profile over the entire study area may be
acceptable, models should not be developed with a flat profile without justification being
provided.

2.12.1.11 Route Choices

Modellers should check all the key route choices before calibrating the traffic volumes in
the model. The adjustment of key parameters regarding cost is generally required in order
to reduce the number of unreasonable route choices modelled. The main purpose of
checking the key routes is to guarantee that vehicles have been discouraged from using
any unreasoned routes through the network.

If changes to default cost values have been made, modellers should document the changes,
including the location and justification, in the modelling report.

2.12.1.12 Behavioural Parameters

There is a wide range of behavioural parameters that may affect the calibration of a
microsimulation model. Each software package will use some or all of these parameters to
simulate driver behaviour. As each package uses the parameters differently, it is not
possible to specify the appropriate values for each.

Modellers should check the suitability of default values in the modelling software. Any
necessary modifications to these values should be documented in the modelling report.
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Some packages allow the user to adjust high-level parameters which influence or determine
lower-level parameters (for example, aggressiveness or awareness). Modellers should
ensure that they are familiar with the effects of the high-level parameters before making
adjustments as the use of these parameters may have unintended impacts throughout the
network.

2.12.1.13 Calibration Guidelines for Main Roads Supported Software

For guidance on calibration requirements, appropriate criteria to use and the behavioural
parameters that can be adjusted to calibrate the traffic model using the different modelling
software refer to:

1 LinSig 1 Section 3
9 SIDRA i Section 4
 Vissim 1 Section5

9 Aimsun i Section 6

Assessment of key intersections against the provided guidelines is a useful indication of the
level of calibration required for each approach at any given location. The accurate modelling
of signal timings and control at an intersection will provide a robust base from which to
calibrate and subsequently validate a model. It is recommended that modellers review the
operation of the modelling area at an early stage during model calibration.
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2.12.2 Model Validation

Model validation describes the independent verification process that a model has been
calibrated to a sufficient extent to represent on-street conditions accurately.

Modellers compare model outputs with the observed and surveyed site data and this must
be data that has not been used during the calibration process.

If the validation process indicates that the model is not yet at a sufficient level of accuracy,
the specific areas of concern should be identified and analysed. The model returns to the
calibration stage so that the relevant parameters can be adjusted to address the issues.
The calibration and validation processes are part of an iterative cycle that continues until
the validation can confirm that the model has reached an acceptable level of accuracy.

Adjustments made to parameters during the model development process should be
documented in the modelling report to provide a record of the changes. In addition to this
record, Main Roads requires a statistical comparison of model performance with on-street
observations. This produces a measureable record of the level to which the model has been
calibrated and subsequently validated.

The modelling report should include separate sections for the reporting of calibration and
validation and the modeller should state which of the observed datasets have been used
for each process.

A comparison of each of the observed datasets against modelled outputs should then be
presented in either the calibration or validation sections of the report. The software specific
guidelines in sections 3 to 6 provide the criteria to confirm if a model represents on-site
conditions.

There will be occasions where models may not meet the model validation criteria but are
still considered fit for purpose. Likewise, some models may meet the criteria but require
further attention in areas of critical significance to the study. The extent, structure and
objectives of every modelling exercise are different and these will influence the level of
importance placed on achieving each of the targets.

The decision to accept or reject a model lies with Main Roads and modellers should explain
any limitations in the modelling that might prevent the model from achieving the guideline
calibration and validation criteria.

2.12.2.1 Model Categories for Validation

Main Roads defines the following three model categories for the model validation:

1 Model Category 1

A Single intersection or short corridor model (up to four full movement
intersections).

A Models in this category are built and used to assess the performance of
intersections or corridors under different design layouts or traffic conditions.

1 Model Category 2
A Small area network or long corridor model with limited route choices.
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A Models in this category are developed to assess the performance of
networks or corridors under different traffic management schemes.

1 Model Category 3:

A Large area networks including multiple long corridors with various routes
between origin and destination zones, and use dynamic traffic assignment.

A Models in this category are generally used in transport network planning,
assessment of traffic management and road schemes.

Model category should be agreed with Main Roads prior to the start of the modelling.

In accordance with model categories, various model outputs are required when validating
the base model. The model outputs required for individual model category are stipulated in
Table 2-3.

Table 2-3: Model validation requirements based on model category

Category 1 Category 1 Category 2 Category 3

Output (LinSig & (Vissim & (Vissim & (Vissim &
SIDRA) Aimsun) Aimsun) Aimsun)
Queue length
Degree of Saturation V U U U
Saturation flow U \V/ U U
Traffic turning movement U V V V
and directional link volume
Travel Time U V V V
Signal timings U V V V
Vehicle speed map U U V V
2.12.2.2 Validation Statistics
Usef ul measur esoffaft oAgeonckmreadd y used to compai

observed counts are GEH and R-square (R?).

The GEH (invented by Geoffrey E. Havers) statistic is a formula used to compare two set
of traffic volumes.

—

2 (W

1 GEH= 2.2

M is the modelled flow and C is the observed flow.

Plots of observed against modelled hourly flows are required to be reported for all
observations.

The R-Square (R?) is a statistical measure of the correlation between the entire count data
set and the predicted model volumes. Unlike the GEH statistic (which applies to individual
flows and screenlines), the R-Square (R?) applies to the entire comparison data set and is
expressed as a single value.

Page 44 of 271



Operational Modelling Guidelines - Version 2.0

2.13 Operational Modelling of Roundabouts

When modelling roundabouts in microsimulation it may be necessary to adjust the default
gap acceptance parameters (critical gap and follow-up headway) in line with the roundabout
geometry in order to calibrate or validate the model. Modellers using Vissim and Aimsun
must adjust approach and departure speed to simulate site behaviour.

Australian and New Zealand practice for determining the capacity of roundabouts is based
on headway acceptance theory. Traffic entering the roundabout gives way to, and accepts
opportunities (gaps) in the circulating traffic stream, as depicted in Figure 2-3.

Figure 2-3: Major and minor flows at a roundabout

B

—
\ N Circulating flow/
//

Entry flow (lane by lane

In order to calculate the critical gap and follow-up headway modellers need to measure the
roundabout geometry and traffic flow through the roundabout. The modeller may use
researched values (Troutbeck 1989) from roundabout surveys, which have determined a
correlation between geometry and traffic flow, to calculate the gap acceptance parameters.

Gap acceptance parameters are affected by the geometry of the entry. Geometrics which
offer an easier entry path give lower gap acceptance values. These parameters are also a
function of the circulating flow. At higher circulating flows, the circulating speeds are lower
and drivers are more willing to accept smaller gaps. Also at higher circulating flows, more
circulating drivers slow and allow entering drivers to move in front of them. This leads to
priority sharing or even a reversal of priority.

2.13.1 Estimating the Critical Gap Parameters

2.13.1.1 Single lane entry

Table 2-4 lists the dominant stream follow-up headway (tw). If there is one circulating lane,
these values are used for the entry stream. If there are two or more circulating lanes, then
the values in Table 2-4 should be increased by 0.39 (Refer to Table 2-5).

The ratio of the critical acceptance gap to the follow-up headway (tad/td) is given in Table
2-7. The critical acceptance gap is the product of the appropriate values from Table 2-4 and
Table 2-7.
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2.13.1.2 Multi -lane approaches

To estimate the entry lane flows at approaches with two or more lanes, it can be assumed
that drivers wishing to turn right will use the right hand entry lanes and the drivers turning
left will use the left hand lanes. However in some situations lanes may be marked with signs
or pavement arrows to restrict them to particular traffic movements and the lane
arrangement so marked would be used in the analysis. The through traffic then needs to be
proportioned to the appropriate lanes to finalise the lane entry flows.

While the above provides the most accurate assessment, it is pointed out that estimates of
approach capacity are not significantly affected by the distribution of traffic in the lanes.

The entry lane with the greatest flow at an approach is termed the "dominant' lane and the
traffic in this lane is termed the dominant stream. Other lanes contain subdominant streams.

The critical gap parameters for an approach with two or more entry lanes are estimated
using Table 2-4, Table 2-5, Table 2-6 and Table 2-7.

Table 2-4 gives values for the follow-up headway for the dominant stream. These values
are adjusted if the number of entry lanes differs from the number of circulating lanes.

Table 2-4: Dominant Movement Follow-up Headways (t«) (Initial values in seconds)

Inscribed Circulating Flow (veh/h)

Diameter

20 2.99 2.79 2.60 2.40 2.20 2.00
25 291 2.71 251 231 2.12 1.92
30 2.83 2.63 2.43 2.24 2.04 1.84
35 2.75 2.55 2.36 2.16 1.96 1.77
40 2.68 2.48 2.29 2.09 1.89 1.70
45 2.61 2.42 2.22 2.02 1.83 1.63
50 2.55 2.36 2.16 1.96 1.76 1.57
55 2.49 2.30 2.10 1.90 1.71 1.51
60 2.44 2.25 2.05 1.85 1.65 1.46
65 2.39 2.20 2.00 1.80 1.61 141
70 2.35 2.15 1.96 1.76 1.56 1.36
75 2.31 2.11 1.92 1.72 1.52 1.33
80 2.27 2.08 1.88 1.68 1.49 1.29

Source: Troutbeck 1989
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The adjustment values are given Table 2-5.

Table 2-5: Adjustment Times for the Dominant Movement Follow-up Headway

Number of Number of entry lanes

circulating lanes

1 0.00 -0.39
2 0.39 0.00 -0.39
3 0.39 0.00

Source: Troutbeck 1989

Table 2-6 gives the values of the sub-dominant stream follow-up headway (tss) as a function
of the dominant stream follow-up headway (ts) and the ratio of dominant stream entry flow
to the sub-dominant stream entry flow.

Table 2-6: Sub-dominant Movement Follow-up Headway (tss)

Dominant stream Ratio of flows (Dominant flow/Sub  -dominant flow)
follow -up

headway (t ) (S)
1.5 2.05 1.99 1.94 1.89 1.84
1.6 2.10 2.07 2.05 2.02 1.99
1.7 2.15 2.15 2.15 2.15 2.15
1.8 2.20 2.23 2.25 2.28 2.30
1.9 2.25 2.30 2.35 2.40 2.46
2.0 2.30 2.38 2.46 2.53 2.61
2.1 2.35 2.46 2.56 2.66 2.76
2.2 241 2.53 2.66 2.79 2.92
2.3 2.46 2.61 2.76 2.92 3.07
2.4 2.51 2.69 2.87 3.05 3.23
2.5 2.56 2.76 2.97 3.17 3.38
2.6 2.61 2.84 3.07 3.30 3.53
2.7 2.70 2.92 3.17 3.43 3.69
2.8 2.80 3.00 3.28 3.56 3.84
2.9 2.90 3.07 3.38 3.69 4.00
3.0 3.00 3.15 3.48 3.82 4.15

Source: Troutbeck 1989

The critical acceptance gap values for each lane are given by the product of the follow-up
headway (from Table 2-4 and Table 2-6) and the ratios in Table 2-7. As stated above, critical
acceptance gap values need to be calculated separately for each entry lane.
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Table 2-7: Ratio of the Critical Acceptance Gap to the Follow-up Headway (tad/tid)

Number of circulating lanes / Average lane width (m)

Circulating

flow (veh/h) One More than one

0 2.32 1.98 1.64 2.04 1.70 1.36
200 2.26 1.92 1.58 1.98 1.64 1.30
400 2.19 1.85 1.52 1.90 1.58 1.24
600 2.13 1.79 1.45 1.85 1.51 1.18
800 2.07 1.73 1.39 1.79 1.45 1.11
1000 2.01 1.67 1.33 1.73 1.39 1.10
1200 1.94 1.60 1.26 1.67 1.33 1.10
1400 1.88 1.54 1.20 1.60 1.26 1.10
1600 1.82 1.48 1.14 1.54 1.20 1.10
1800 1.48 1.14 1.10
2000 141 1.10 1.10
2200 1.35 1.10 1.10
2400 1.29 1.10 1.10
2600 1.23 1.10 1.10

Source: Troutbeck 1989

Refer to 2.13.2 for a worked example of these calculations.
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2.13.2 Worked Example - Record the Geometric Properties

The following geometric values are required to calculate the gap acceptance parameters of
the roundabout:

1 inscribed diameter
9 circulating lane(s) width

1 entry lane(s) width

Figure 2-4 illustrates the dimensions of a typical roundabout design.

Figure 2-4: Roundabout Geometry
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The worked example describes how to calculate gap acceptance using the tables that
summarise typical Australian values as researched by Troutbeck (1989).
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Table 2-8 shows the geometric properties of the roundabout for the worked example.

Table 2-8: Geometric properties of the roundabout

Geometic_property

Inscribed diameter 50 metres
Average entry lane width 4 metres
Number of entry lanes 2
Number of circulating lanes 2

The traffic flows for the worked example are shown in Figure 2-5.

Figure 2-5 Traffic flow for the roundabout
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2.13.3

The traffic volumes used in this example are based on the turning movements as described
in Table 2-9.

Table 2-9: Roundabout entry lane turning movements

Approach Leg

Movement
Left 132 76 86 63
Through 782 689 651 571
Right 237 212 179 162
Total 1151 977 916 796

Only the analysis of the north leg will be described here. The same analysis will be required
for each subsequent leg of the roundabout. It is assumed that the left lane will carry the
traffic turning left and half the through traffic. Using the figures in the above table for the
north entry, the left traffic lane is assumed to be 132 + 782/2 or 523 vehicles per hour.
Similarly, the right lane is assumed to be 237 + 782/2 or 628 vehicles per hour. At this
approach the right hand lane has the greater flow and will be the dominant movement. The
left hand lane will be the sub-dominant movement.

Worked Example - Estimating the Gap Acceptance Parameters

The critical gap parameters are evaluated for each entry lane. The dominant movement
follow-up time can be interpolated from Table 2-10. For a circulating flow of 912 vehicles
per hour and an inscribed diameter of 50 metres, the dominant movement follow-up time is
2.20 seconds.

Table 2-10: Dominant movement follow-up headways (excerpt)

Inscribed Circulating Flow (veh/h)

Diameter

20 2.99 2.79 2.60 2.40 2.20 2.00
25 2.91 2.71 2.51 231 2.12 1.92
30 2.83 2.63 2.43 2.24 2.04 1.84
35 2.75 2.55 2.36 2.16 1.96 1.77
40 2.68 2.48 2.29 2.09 1.89 1.70
45 2.61 2.42 2.22 2.02 1.83 1.63
50 2.55 2.36 2.16 1.96 1.76 1.57

Source: Troutbeck 1989

Page 51 of 271



Operational Modelling Guidelines - Version 2.0

Table 2-11 is used to adjust the dominant movement follow-up headway when the number
of entry lanes does not equal the number of circulating lanes. As the number of entry lanes
is equal to the number of circulating lanes there is no need to use Table 2-11.

Table 2-11: Adjustment times for the dominant movement follow-up headway

Number of Number of entry lanes
AR e
1 0.00 -0.39
2 0.39 0.00 -0.39
3 0.39 0.00

Source: Troutbeck 1989

Table 2-12 gives the sub-dominant movement follow-up time. The ratio of the dominant
entry lane flow to the sub-dominant entry is equal to 628/523 or 1.20. Using this value (1.20)
and the dominant movement follow-up time (2.20), the sub-dominant movement follow-up
time is 2.46 seconds.

Table 2-12: Sub-dominant movement follow-up headway (excerpt)

Dominant stream Ratio of flows (Dominant flow/Sub -dominant flow)
follow -up

headway (t ) (S)
1.5 2.05 1.99 1.94 1.89 1.84
1.6 2.10 2.07 2.05 2.02 1.99
1.7 2.15 2.15 2.15 2.15 2.15
1.8 2.20 2.23 2.25 2.28 2.30
1.9 2.25 2.30 2.35 2.40 2.46
2.0 2.30 2.38 2.46 2.53 2.61
2.1 2.35 2.46 2.56 2.66 2.76
2.2 241 2.53 2.66 2.79 2.92

Source: Troutbeck 1989

The critical acceptance gaps for both entry movements are evaluated from the ratio of the
critical gap to the follow-up time.

Table 2-13 indicates that this ratio is 1.42. The critical acceptance gap for the dominant
movement is therefore 1.42 x 2.20 = 3.1 seconds. The sub-dominant movement critical
acceptance gap is therefore 1.42 x 2.46 = 3.5 seconds. The gap acceptance values for the
sub-dominant movement are always greater than that of the dominant movement.
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2.13.4

Table 2-13: Ratio of the critical gap to the follow-up headway (excerpt)

Number of circulating lanes / Average lane width (m)

) R T
0 2.32 1.98 1.64 2.04 1.70 1.36
200 2.26 1.92 1.58 1.98 1.64 1.30
400 2.19 1.85 1.52 1.90 1.58 1.24
600 2.13 1.79 1.45 1.85 1.51 1.18
800 2.07 1.73 1.39 1.79 1.45 1.11
1000 2.01 1.67 1.33 1.73 1.39 1.10

Source: Troutbeck 1989

Values of the ratio may be interpolated for intermediate widths of entry lane. For single lane
circulating carriageways, if the critical gap calculated from Table 2-10 and Table 2-13 is less
than 2.1s, use 2.1s. For multi-lane circulating carriageways, the minimum value of critical
gap should be 1.5s.

Roundabout Size

Larger roundabouts enable better geometry to be designed. In general, roundabouts in high
speed areas need to be larger to enable better entry and approach. The design of these
roundabouts is more critical than that for those in low speed areas. A guide for choosing
the minimum central radius for a circular roundabout can be found in AustroadséGuide to
Road Design Part 4b: Roundabouts.
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3

3.1

3.1.1

3.1.2

LinSig Guidelines

Introduction

JCT Con s ulinShy reaftwades is a design and assessment tool for signalised
intersections and small networks. Used extensively in the United Kingdom and worldwide
for over 30 years, LinSig has been adopted by numerous road agencies as the preferred
tool for the assessment of existing and new traffic signal sites.

This section is desi ghnSig3.2 Wser GoidaBCATersion. 19 CT 6 s

provides detail on key parameters to be adopted when modelling intersections in Western
Australia.

Modellers should refer to sections 1 and 2 for an overview of traffic modelling.

Appropriate Use of LinSig

As an intersection modelling tool, LinSig is used primarily to assess isolated signals or small
networks, including signalised roundabouts, and can optimise traffic signal timings for a
single intersection or groups of signals. While it is also capable of modelling priority
movements within signalised intersections or priority intersections, its use to model isolated
priority intersections or conventional roundabouts is not recommended.

LinSig can be used as a design tool to identify new intersection capacity requirements or
assess the benefit of intersection improvements and refine options. LinSig should be
considered for the following types of project:

1 intersection design

corridor assessment

signal optimisation

signal coordination

bus priority design

cycling or pedestrian facility assessment
new development transport assessments

traffic management plan development, and

=A =4 =4 =4 4 -4 -4

costi benefit analysis.

Software Version

This guideline is for Version 3.2 of the LinSig software package. While the Operational
Modelling Guidelines will need to be updated for future versions of the software, the general
principles outlined will continue to apply.
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3.2 Program Settings

Modellers should change the default lane start displacement time and the default PCU
length when developing LinSig models for the Western Australian road network, as shown
in Figure 3-1.

Figure 3-1: Defaults for new files window

W] Defaults For Mew Files @
Traffic Model Defaults a
Default Lane Start displacement 3 seconds l
Default Lane End displacement 3 seconds
Default Lane Width 3.25 meters
Default Cruise Time if not specified 5 seconds
Default Cruise Speed if not specified 35 km/Hr
Default Bus Speed if not specified 35 kmHr
Default Max Flow When Giving Way (PCU/Hr) 1439 pcufHr
Default Min Flow When Giving Way (PCU/Hr) 0 peufHr
Default Give Way Coeffident (0.00 to 5.00) 1.09
Default Right Turn Storage (PCU) 2 pcus
Default non-blocking PCUs in Storage (PCU) 2 pcus
Default Right Turn Factor 0.5
Default Max Turns in SGroup Intergreens 2 pous
Default Clear Conflict Time 2 seconds
Auto Allocate OD flows in the Traffic Flows view F
Default Mew Lane Saturation Flow (PCU/Hr) 1800 peufHr
Default Lenath for Long Lanes (PCU) &0 pous

| Default lane length units for new lanes pCcu
Default PCU Length 7.35 meters I
Increase modelled time to find typical cyde O
Check for instability of cydic dependendies by default
Reduce any instability of cydic dependendies by default | | Ignore (Fastest)
v
et el E e Lfn 4mh AFAn AR APAn M AP EE feE AR R o
< >
1
Defaults for new files I Graphical defaults for new files
Select an item to set its properties
Reset to defaults | Set from current file | 0K Apply Now | Cancel

3.2.1 Default Lane Start Displacement

The Default Lane Start Displacement value should be changed from 2 seconds (software
default) to 3 seconds (Western Australian driving behaviour) 1°.

9 For a new LinSig model, this should be changed in the Defaults for New Files window,
as shown in Figure 3-1.

9 For an established model, the lane start displacement time should be checked in
Model Audit View i Lane Data and updated for each lane under the Advanced tab of
the Edit Lane window, shown in Figure 3-21.

10 Akcelik, Besley and Roper (1999) ARRB Research Report ARR340 Fundamental relationships for traffic
flows at signalised intersections
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3.2.2

3.2.3

3.24

3.3

3.3.1

Default PCU Length

The Default PCU Length should be changed from 5.75 metres (software default) to 7.35
metres (Western Australian environment) 12,

9 For a new LinSig model, this should be changed in the Defaults for New Files window,
as shown in Figure 3-1.

1 For an established model, the PCU Length should be checked and updated in the
Network Settings window.

Use SCATS Based Terminology

Use SCATS-based terminology should be selected in the Program Settings window to
model SCATS signal set up at the start of the modelling process.

Use Separate Capacities for Long and  Short Lanes

Use separate capacities for long and short lanes should be selected in Network Settings
window to ensure the long and short lanes are analysed separately.

Network Inputs

This section details the LinSig input requirements for developing the network.

Network Information

Information on the modelling project should be populated in the Network Information
window, an example is shown in Figure 3-2. As a minimum, the following should be
completed and updated for each stage of the project:

1 Project Name i the overall project title, for example: Blackspot Programme
1 User Name i name of the modeller
9 Company/organisation name i company undertaking the work, and

9 Location i location(s) of the study area being modelled.

The provision of latitude and longitude is optional for easy referencing of the site in Google
Maps direct from LinSig. The coor diraffemap ar
other mapping services.

11 Main Roads OMV Team (2018), Passenger Car Unit Length Desktop Research D18#213020
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3.3.2

Figure 3-2: Network information window

EH Metwork Information

Network Details:

Project name LinSig Operational Modelling Guidelines
Scheme Title Base Model

Client Client Organisation

Site Ref(s) LM529

Design Layout Ref

Date Started

Date Completed

Model Purpose Base Model

Model Assumptions

Flow Details

Classified Turning Counts obtained on Wednesday 26/02/...

Safety Considerations

Model Checked By

Company Internal Model Checker

Model Checked Date

02/06/2020

Additional Detail

User Details:

User name

Modeller Name

Company forganisation name

Company Name

Address

Network Location:

Location Roe Hwy [ Morrison Rd
Latitude -31.8800419205 ¢
Longitude 116.028309605 =
Zoam 19

Settings I

Select an item to set its properties

Reset to defaults |

0K I Apply Now Cancel

Junction Details and Network Information

1 Junction Name i the name of the intersecting roads

1 Is Signal Controlled i selected if the intersection is signal controlled

9 Cletci selected for the appropriate signal controller(s), and
9 SCATS Site Number i the SCATS LM number for the site.

Figure 3-3: Edit Junction window

[® 7 Edit Junction

Junction Mumber 1

Junction Mame Roe Hwy / Morrison Rd
Is Signal Controlled

c1

SCATS™ Site Number 529

Ok

Cancel

Edit Junction details, as shown in Figure 3-3 should be updated to include the following:
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3.3.2.1 Model Extent

3.3.3

3.34

In terms of the extent of small networks, it is not possible to put an upper limit on the number
of controllers or length of corridor to be assessed. Modellers need to consider the specific
nature of each corridor in the project that needs to be modelled. For example, LinSig may
be appropriate over a significant length of corridor with several intersections if the
carriageway pattern is reasonably uniform and it is subject to controlled access and limited
side friction. The SCATS settings should be reviewed to decide if neighbour intersections
are linked and if the neighbour intersections are required to be modelled. The modelling
extent should be decided and agreed with Main Roads at the start of each modelling project.

Notes

The use of the Add Note function in Network Layout View is strongly recommended for
providing a list of high level assumptions that are unique to the particular model, some
examples are shown in the figures in Section 3.3.6.

While the detailed assumptions and the reasoning should still be provided in the modelling
report, the high level list displayed in the Network Layout View would provide a snapshot of
the assumptions when other modellers view the LinSig model.

Arms

The arm layout should replicate the site layout, that is, the northern arm should be located
on the northern side of the intersection.

For consistency, arms should be added to the model using the following convention:
1. Arm 1 should correspond with the approach containing SCATS loop nhumber 1.

2. Subsequent entry arms should then be added in the same order as the SCATS loop
numbers, usually in the anti-clockwise direction.

3. Exit arms should then be added starting at the opposite direction 2 of entry arm 1
and added anti-clockwise.

Arms should be named using the following convention:
1 Road Name
9 Direction, and
1 Exit, if appropriate.
For example Roe Hwy NB or Morrison Rd WB exit

While using different arm numbering and naming systems would not affect the modelling
results, Main Roads recommends the same system is used for consistency of the modelling
in Western Australia.

RiftheEdi t Junct i on 0fnctibuis used tognteCtheuturrting movements, the origins and
destinations are listed in the same order for ease of processing.
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For the intersection shown in Figure 3-4, an example of the arm, lane and zone layout is
shown in Figure 3-5.

Figure 3-4: SCATS arms and loop numbers example for an isolated intersection
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3.3.5 Network Modelling

In the LinSig section of the document , 6net wor k model | i ngo
intersections modelled in the same LinSig file.

3.3.5.1 Interchange

When modelling an interchange, it is possible to assign all lanes to the same Junction and
there is no need to model separate exit and entry arms. If the interchange is operated under
two separate signal controllers, both controllers can be assigned under the same Junction.

For the interchange shown in Figure 3-6, an example of the arm, lane and zone layout is
shown in Figure 3-7.

Figure 3-6: SCATS arms and loop numbers example for an interchange
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3.3.5.2 Multiple Intersections

3.3.5.3

When modelling multiple intersections in a network model, it is recommended that each
intersection contains separate exit arms and entry arms, as shown in Figure 3-8. The
network layout missing an exit arm of the upstream intersection in is not recommended.

Figure 3-8: Lane structure for network modelling of multiple intersections
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If dummy side roads are required solely for balancing traffic flow, there is no need to create
a separate Junction to avoid creating excessive number of Junctions and Arms in the model:

9 the exit side roads are grouped as part of the upstream Junction, and

9 the entry side roads are grouped as part of the downstream Junction.

Give-way parameters are not required for the dummy side roads. An example is shown in

Figure 3-9.

Figure 3-9: Lane structure for network modelling with dummy side roads
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While LinSig does not require the dummy side roads to be included for modelling sources

and sinks traffic zones, Main RoadsO6 preferen
network because modellers have more control over the matrix estimation. This is because

they can enter the turning volume at the dummy sites prior the matrix estimation process

(refer to Section 3.4.4.1); moreover, the turning volume at the side roads can be displayed

in Network Layout View for ease of checking.

It should be noted that if the priority controlled side roads are required for scheme analysis,
then the side road intersection should be treated as a separate Junction as discussed in
Section 3.3.5.2, with the appropriate give-way parameters coded.

3.3.6 Long and Short Lanes

It is important for the modeller to appreciate that the arm/lane structure should be designed
to best model the issues that will have the greatest effect on capacity. The modeller should
design the lane structure to provide the best model rather than simply entering lanes to
replicate what is physically on the street. This may mean that the arm/lane structure in
LinSig may not be exactly as they occur on the street.

Modellers need to decide the modelled lane structure on a case-by-case basis depending
on the site layout, signal set up, traffic volume, lane usage and the nature of the scheme
being analysed.

A better model may be produced by varying the lane structure to reflect how traffic actually
queues and uses the lanes.

When developing the base model, modellers should already consider how the proposed
scheme is likely to be modelled in order to provide a like-for-like calculation when comparing
the base and option modelling results. For example, if the existing layout consists of one
lane with a short lane, and the proposed scheme is to analyse impact when another short
lane is added, modellers may consider modelling the base layout with two long lanes and
the apparent impact of the proposed short lane can be shown in the proposed model.

3.3.6.1 Dominant Demand Pocket

For example, where a dominant flow movement blocks back from a short lane and in effect
forms its own long lane, it may be better to restructure the LinSig lanes to reflect this, as
shown in Figure 3-10. The physical lane length for the modelled short lane may need to be
shortened based on how the right-turn queue blocks the through lane. Refer to Section for
3.3.7.3 for general guidelines on short lane lengths.

Figure 3-10: LinSig lane structure for modelling dominant flow blocks from a short lane

| @\
—
-~ Arm 1 - Example Rd EB

Lane 1/3 modelled as long lane
due to right turn is dominant flow
blocking Lane 1/2
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3.3.6.2

3.3.6.3

Multiple Pocket Lanes

The current version of LinSig has a limitation that only one short lane can be attached to
each long lane, which can be problematic to the typical road layout seen in Western
Australia. Where complex flaring occurs, it is still often possible to model this in LinSig by
making assumptions to ensure the most critical capacity issues are measured accurately
while lesser issues are modelled with compromises (and insignificant issues are not
modelled).

In the example shown in Figure 3-11, the left-turn volume is low, the through traffic queue
blocks the right-turn traffic from access the pocket; it is more important to analyse usage of
the right-turn pocket than the left-turn pocket as the left-turn is relatively less significant. In
this case, the right-turn lane is modelled as a short lane in LinSig to analyse the interactions
between the through and right-turn traffic, otherwise if the right-turn lane is modelled as a
long lane, LinSig overestimates the capacity for the right turn traffic.

Figure 3-11: Example LinSig lane structure for modelling more than one pocket lanes based on
traffic demand and lane usage

7 Lane 1/1 modelled as long lane | s ‘-:1»(
___-_ due to low left turn volume; main | s (D)

O O O O o -::-_ @==> @ | purpose of model is to analyse the | @
=N

@D ®=ws) @ | rioht turn pocket.

L S =TS =Srr=T=]
Arm 1 - Example Rd EB

In the example shown in Figure 3-12, the left-turn short lane is a give-way slip, modellers
can utilise the Storage in front of stop line and Non-blocking storage functions in the give-
way setup to model the layout. Note that the give-way parameter values may need to be
calibrated. Refer to Section 3.6 for general guidelines on give-way inputs.

Figure 3-12: Example LinSig lane structure for modelling more than one pocket lanes with a left
turn slip lane

o 7
) Left turn give way pocket modelled | 1M —L‘ @-
using 'Storage In Front of Stopline' as —‘
- - - - _-_-_ - E the short lane is assigned to lane 1/2. 27y 1
- ﬁ - : Arm 1 - Major St EB

Refer to Section 3.3.10.2 for modelling double pocket lanes.

Interchange

In the interchange example shown in Figure 3-13, the queue for the downstream arm (Arm
6) is restricted by the upstream approach arm (Arm 1). One of the lanes from the internal
arm (Arm 6) should be modelled as a short lane to replicate the restricted capacity.
Modelling the internal arm with four full lanes would overestimate the capacity. This should
be decided on a case-by-case basis depending on the signal set up and queuing behaviour.

Figure 3-13: Example LinSig lane structure for modelling restricted internal arm at an interchange

=@

/Amn 6 modelled with a short right 2
3
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turn lane, as the downstream | 13—
queue is restricted by upstream T
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3.3.7

3.3.7.1

3.3.7.2

Lane Lengths

Long Lanes (Entry and Exit Lanes)

For an isolated intersection model, the length of long lanes can be left as software default
(60 PCUs = 441.0m).

Long Lanes (Internal Lanes)

Entering correct lane lengths for internal lanes is critical when cruise speed is applied in the
connectors, as LinSig uses lane lengths and cruise speed to calculate the platooning cruise
time in a network.

The total lane lengths of the internal long lanes should be measured between the upstream
and the downstream stop lines, typically based on the through movement between the two
intersections. The combined distance of the internal lanes should be added up to be the
same as the total physical distance between the two stop lines on-site.

An example of the distance measurement is shown in Figure 3-14 where:

1 The upstream exit lane length is typically the distance from the upstream intersection
stop line to the exit of the intersection (roughly to the stop line of the opposite lane).

1 The downstream entry lane length is measured from the exit of the upstream
intersection to the downstream intersection stop line.

F|gure 3 14 Recommended lane Iength measurements for mternal Iong lanes

--/\\\\_‘ Dlstance for J2 Entry Long Lane

Source: SkyView

While the lane lengths for internal lanes would not affect the modelling results if cruise time,
instead of cruise speed, is applied in the connectors, Main Roads strongly recommends the
lane lengths still be entered in the LinSig model in all situations for consistency. Refer to
Section 3.3.12.3 for information on cruise time / speed.
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3.3.7.3

3.3.74

Short Lanes

The Physical Lane Length of a short lane should be determined by examining where the
gueueing traffic on the short lane would block the adjacent long lane.

3.3.7.3.1 Pocket Lanes

The length of the short lanes can be estimated from mapping services by measuring the
distance between the stop line and where the traffic of the short lane would meet the main
traffic lane. Typically this would be where the lane width is approximately two metres at the
taper section, as shown in Figure 3-15. The physical lane lengths should be entered directly
into LinSig in metres or PCUs (based on 1PCU = 7.35m).

Figure 3-15: Short lane length measurement example

line | Path | Polygon | Crde | 3Dpath | 3Dpolygon
Measure the distance between two points on the ground
Map Length: 73.61 | Meters

Ground Length: 73.61
Heading: 299.30 degrees

V| Mouse Navigation save Clear

3.3.7.3.2 Free Flow Lanes

If the short lane is a free flowing lane, i.e. does not have a give-way or stop line, then the
distance of the free flow short lane should be determined by measuring the distance from
the stop line of the adjacent lane to where the traffic of the long lane would block the short
lane, as shown in Figure 3-16.

Figure 3-16: Free flow short lane length measurement example
5

A ,‘

Line | Path | Polygon | Cirde | 3Dpath | 3Dpolygon
Measure the distance between two points on the ground

Map Length: 139.41 | Meters > |
Ground Length: 139.41
Heading: 73.36 degrees

¥ | Mouse Navigation

L S

It is recommended that screenshots of the measurements taken with AutoCAD or mapping
services, such as the examples shown in Figure 3-15 and Figure 3-16, are included in the
modelling submission package to demonstrate how the lane lengths were determined for
ease of auditing.

Custom Occupancy

There is an option to adjust the occupancy of the short lanes in Custom Occupancy. This
function should not be used unless justifiable.
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3.3.8

3.3.9

3.3.9.1

3.3.9.2

Entry Lane Cruise Time

Main Roads recommends the cruise time / speed values of the entry lanes to be left blank
as software default, unless considered to be necessary.

Note that cruise times are required for the connectors to internal lanes, see Section
3.3.12.3.2.

Saturation Flow

Ma i n Rarderbbpieference for determining the saturation flow (refer to Section 2.10.3)
is to:

1. Measure on-site where possible for the critical lane(s) of each approach.

2. Use RR67 geometric calculations, with a local factor applied based on lanes that can
be measured on-site.

3. Use RR67 geometric calculations, with a local factor applied based on lanes that can
be measured on-site at a neighbouring intersection with a similar geometric layout.

4. Use RR67 geometric calculations without adjustments.

Information on the measurement requirements and the understanding of the RR67
geometric calculations can be found in Appendix B. This section examines the application
of saturation flow specifically for LinSig modelling.

Directly Entered Lane Saturation F low

Where possible, saturation flow should be measured on-site for the critical lane(s) of each
approach. These values should be entered on a lane-by-lane basis using the Directly
Entered Lane Saturation Flow input.

All flow groups should have the same directly entered lane saturation flow value and
therefore the Default box for all flow groups should be checked for all flow groups. However,
if the saturation flow values are found to be significantly different between flow groups, this
should be stated in the modelling report.

When factored geometric calculated lane saturation flow is used in the LinSig modelling,
the modeller needs to undertake the calculations in the spreadsheet and enter the
calculated values using the Directly Entered Lane Saturation Flow option.

Geometric Calculated Lane Saturation Flow

Where measurement of saturation flow is not possible for base cases or for proposed
intersections, Geometric Calculated Lane Saturation Flow input can be used. The
calculations are based on the RR67 geometric calculation and requires the following inputs:

1 Lane width i measured on-site or scaled from LM plan or appropriate aerial
photographs or design drawings.

I Radius i measured from LM plan or appropriate aerial photographs or design
drawings based on the centre-line of the turning vehicle movement. For through
movement, the radius should be left as Inf.

91 Gradient (%) i for uphill, measured from Google Earth or mapping services or noted
from design drawings. For flat or downhill, the gradient should be left as 0.
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1 Treat as nearside lane 1 identification of nearside or offside lane. Modellers should
refer to Section 3.3.9.2.1 for guidance.

9 Turning proportions i for a lane with mixed movements, LinSig calculates the
proportion of vehicles making each movement based on the assigned traffic. This is
not a direct input in LinSig as the software calculates the turning proportions based
on the assigned traffic on movement.

The modeller should supply evidence of the geometric measurement (such as marked-up
plans or aerial maps indicating measurements indicating the curvature used for determining
the radii, as shown in Figure 3-17) in the modelling report for ease of auditing.

Figure 3-17: RR67 geometric measurement mark-up example

Line  Path | Polygon | Circle 3D path 3D polygon

Measure the circumference or area of a cirde on the ground

| Radius: 22.46 | Meters v

1,579.27 | Square Meters v
140.87 Meters

Save | Clear

Modellers should consider if the geometric calculated saturation flow values are
representative of the driving behaviour at the modelled intersection, by comparing the
calculated saturation flow with the site measured values. A local factor may need to be
applied to the intersection. Refer to Section 3.3.9.4.

3.3.9.2.1 RRG67 Nearside and Offside Lanes

When using RR67 estimates for lane saturation flow, a lane needs to be identified as
nearside or offside. The interpretation of the nearside/offside setting in RR67 is vague. A
nearside lane is loosely defined as the first lane from the kerb in which a particular traffic
movement appears. Figure 3-18 shows some examples of lane compositions to aid in
identification of nearside lanes.
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3.3.9.3

3.3.94

Figure 3-18: Nearside lane identification

vs ol ows B o ows A s A s 4
o/s — N/S -_ N/S 1, N/S ,|? N/S 1
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o/s > NS —>| o/ B Y N/S — NS —
oIS > N/S 1 N/S — oIS w2 O/S —_—
N/S 1, oIS 1' O/S\ — g N/S == N/S ;],

Note: N/S means Nearside lane and O/S means Offside lane.

If the selection of nearside or offside leads to significantly different engineering
consequences in the modelling, then measured or locally-derived saturation flow values
should be used to improve the accuracy of the modelling.

All decisions should be made on a case-by-case basis depending on the site layout and the
lane usage.

Unconstrained (Infinite Saturation Flow)

For exit lanes, the saturation flow should be set to Unconstrained, unless there is a good
modelling reason not to do so. Setting an inappropriate saturation flow at an exit lane can
cause undesirable side-effects, such as sliver queues which would not occur in practice.

When a free flow exit lane has a short lane attached to it, for example to model mid-block
turning pockets, LinSig requires a saturation flow value for the long lane and Unconstrained
cannot be applied. In those situations, a nominal high value, such as 2400 PCU/hr, should
be applied to the long lane. If an unrealistically high Mean Maximum Queue is calculated
by LinSig as a result, queue graphs should be examined to determine the cause of the
queue and further calibration is required.

Factored RR67 Saturation Flow Using Site -Measured Saturation Flow

The saturation flow values measured on-site should be compared with the RR67 geometric
calculation. If the average of the site values are found to be more than five per cent different
from the RR67 geometric calculation, the modeller should consider applying a local site
factor to the RR67 calculated lanes. For consistency, the same factor should also be applied
in the option models. Failure to apply a site factor may result in inaccurate assessment of
the option model outputs.

If it is not possible to measure saturation flow on-site to obtain a local factor, site measured
saturation from a nearby intersection with similar geometry, traffic compositions and driving
behaviour can be used to determine the local factor.
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LinSig has a built-in geometrically-calculated lane saturation flow function based on the
RR67 formula. If a local factor is required, the modeller would need to calculate the RR67
and the factored saturation flow in a separate spreadsheet. The RR67 research paper and
the formula can be obtained from the TRL website (https://trl.co.uk/reports/RR67).

In the example shown in Table 3-1, the site measured saturation flow is found to be on
average 93.0% of the RR67 equivalent values, therefore the local factor of 93% should be
applied for the remaining traffic lanes with saturation flow estimated using RR67.

Table 3-1: Saturation flow comparison

Site RR67 SIE Saturation
measured calculated measured : | flow used Saturation Flow
saturation saturation RR67 ratio | in LinSig Method
flow flow (local factor) modelling
1/1 - 1809 - 1682 Factored RR67
1/2 - 1925 - 1789 Factored RR67
1/3 1889 2065 91.5% 1889 Site measurement
2/1 1816 1955 92.9% 1816 Site measurement
2/2 - 1865 - 1734 Factored RR67
3/1 1999 2115 94.5% 1999 Site measurement
3/2 - 2036 - 1893 Factored RR67
Average 93.0%

3.3.9.5 Saturation Flow at Interchanges

If two signal intersections are closely spaced with limited lane changing opportunities, the
discharge rate of the upstream stop line may be dependent on the downstream stop line
discharge rate.

The saturation flow for the upstream stop line may need to be adjusted to replicate the on-
site behaviour, for example matching the same value as the downstream stop line, or if
geometric calculation is used, the lane should be identified as nearside as shown in the
bottom right example in Figure 3-18.

3.3.10 Multi -Lanes

3.3.10.1 Multiple Long Lanes

Multiple-lanes for long lane should be avoided where possible. If this is used, the physical
lane length should be the average of all lanes, and the saturation flow value applied to the
multi-lane represents the combined saturation flow of all lanes.
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3.3.10.2 Multiple Short Lanes

LinSig has a shortcoming when reflecting certain road geometry common in Western
Australia, where multiple short lanes are adjacent to one another, such as the layout shown
in Figure 3-19 in which two lanes then flared to five lanes, including a double pocket for the
right-turn movement.

Shortlane 1 [ s

Source: SkyView

There are a number of methods that can be adopted to deal with this issue. The modeller
should identify the most appropriate approach and document the assumptions and
reasoning behind the choice of lane representation; this should be chosen on a case-by-
case basis. Common techniques to deal with this situation are shown in Figure 3-20.

Figure 3-20: Common techniques to model double pocket layout in LinSig

Emas —F @f“ Multi -lane Representation
| 1/2-~ (2| This is the preferred method if there equal use of both
| 1/3— (3| short lanes.
14—y |@—| T All lanes in a multi-lane have the same green time.
: 1 1 Physical lane length in LinSig is the average of the

Arm 1 - Example Hwy EB two short lanes.

1 Saturation flow is the combined value of the two
short lanes.

1 This method is not suitable if the physical lane
length and/or lane usage of both short lanes are

not equal.
| 11— |3y | Combine Multiple Short Lanes as a Single Short
| 1/3—|(3~| This method is applicable if the physical lane length
| 1/4— | @\, | of one of the short lanes is significantly short (i.e. only

° * 1-2 PCU).

f Physical lane length in LinSig is the combined
value of the two short lanes.

1 For saturation flow, refer to Section 3.3.10.2.1 for
the formula.
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| 114 Modelled One Short Lane as a Long Lane

@
| 12— (2| This method is applicable if it is more important to
| 1/3—={(3~| analyse the unequal lane utilisation of the double

GN

pocket over a relatively insignificant movement.

In this example, despite the available physical space
on-site, right-turn traffic does not use both lanes fully
due to downstream layout.

f The lane with the insignificant movement is treated
as a long lane in LinSig (e.g. left lane in this
example).

f Flow on the non-utilised lane (e.g. right lane of
double pocket) is locked to represent the usage.

1 Alternatively a delay based cruise time weighting
can be added to the non-utilised connector.

f Modellers should always check and verify the
gqueue results to ensure the modelled queue does
not exceed the physical pocket lane. If exceeded,
alternative modelling methods would need to be
considered.

Enable Flared Saturation Flows

®,
| 12— (2| This method assumes the long lane and the
| 1/ @\ associated short lanes are assigned for the same
. . traffic movement and operated under the same signal
group. It cannot be used if the long and short lanes

e || are assigned for different traffic movements.
(e X %’ J . . .
ew ®w» w» e weww]| 1 Select Enable Flared Saturation Flows in Multi-
D o e o e o ot | Lane and add the number of flares associated with
N =) this long lane.

Adjust the saturation for each flare lane.

Enter the expected usage of each flare lane for
each scenario. Note that this is based on the
actual usage per cycle and not the physical flare
length. The usage can be estimated from the
queue surveys data.

3.3.10.2.1 Saturation Flow for Multiple Short Lanes

For a multi-short lane configuration, if the lane lengths are relatively long and both lanes
have equal usage, then it is acceptable to combine the saturation flow of individual lanes in
the LinSig modelling.

However, if the usage of both lanes is significantly different, then the total effective
saturation flow for both short lanes needs to be calculated using the following formula®3:

1 WhenL;>L,andQ2<g, effective sraﬁ’lﬂég?igitﬁiﬁéﬂn fl ow

1 When Q2 > g, effective saturation flow = S; + S,

Refer to Figure 3-19 for an illustration of short lane 1 and short lane 2 configuration.

13 Formula sourced from Traffic Modelling Guidelines Version 1 Roads & Martitime Services page 167.
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3.3.11

)l
T
T

= =_ =

T

L. = effective length of short lane 1 (PCU)
L, = effective length of short lane 2 (PCU)
S; = saturation flow of short lane 1 (PCU/hr)
S, = saturation flow of short lane 2 (PCU/hr)
g = green time (seconds)

h, = headway for shortest lane = 3600 + S,

Q2 = queue clearance time for shortest lane = L, x h;

While this formula can be used to calculate the effective saturation flow of situations with
different lane lengths in a multi-lane, it should be used to produce an estimate rather than
be re-calculated repeatedly for minor green time changes.

Advanced Settings in Lanes

The Advanced tab can be found in the Edit Lane window, an example is shown in Figure
3-21. With exception of the effective green start displacement, all other parameters should
be left as software default unless justifiable:

T

Effective green start displacement 1 should be changed from two seconds to three
seconds (refer to Section 3.2.1).

Effective end green start displacement i as default three seconds.

Optimiser Queue Constraints i refer to Section 3.5.12.4.1 if this is required for the
signal optimisation model.

Optimiser Weightings 1 refer to Sections 3.5.12.4.2 and 3.5.12.4.3 if changes are
required for the signal optimisation model.

Random Delay i Ignore Random Delay should be left unchecked.
Queue De-sliver i refer to Section 3.9.4 if this is required.

Entry Profiles 7 Inherit cycle flow profile from upstream exit lane should be left
unchecked. This function is only applicable if separate OD matrices are used for each
individual intersection, but as Main Road recommends a single OD matrix is formatted
for the entire network, this function is not required. Refer to LinSig3 User Guide for
information.

Figure 3-21: Edit Lane window, Advanced tab

i3} Edit Lane 1/3 =5

General

Lane Details Start Disp. (s) | B nd Disp. (s) | 3 [” Ignore Random Delay
Entry Lane Cruise Time/Speed

Sat. flow data

Multi+ ane

Advanced

Il Flows: General Traffic
Movmt to 4/2 (Ahead)

Effective Green Displacements Random Delay

Optimiser Queue Constraints Queue de-sliver

De-sliver threshold (pou)

Threshold at which LinSig considers the uniform queue to be a
“Sliver Queue”. Refer to User Guide before using.

Excess Queue Limit {pcu)

Optimiser Weightings Entry Profiles
[ Apply Optimiser Stops Weighting (%)
[ Apply Optimiser Delay/DegSat Weighting (%)

™ Inherit cydic flow profile from upstream exit Lane

[ Apply DegSat Limit (%)

<< Previous Next >> | OK | Cancel ‘
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3.3.12 Lane Connectors and Cruise Time

Lane connectors should be added to represent the allowed movements from each lane.
Note that the input parameters are applied across all scenarios.

3.3.12.1 Turning Connectors

For turning movements, it is generally recommended to add connectors to all lanes of the
downstream arm, but this depends on the intersection layout, driving behaviour and on-site
lane usage.

3.3.12.2 Weaving Connectors

Within an intersection, weaving connectors should be not be used as traffic should not
change lanes within the intersection.

For a network model, weaving connectors should only be used if there are legitimate lane
changes between intersections.

Criss-cross connectors and excessive number of weaving connectors, as shown in Figure
3-22, should be avoided. Providing an excessive number of weaving opportunities could
cause LinSig to evaluate all the possible scenarios and increase the run times, particularly
when the number of intersections is increased.

Figure 3-22: Unrealistic criss-cross connectors and weaving routes should be removed

| - i @
I 22— x
| 13— 2/3—» 33—
- L [ L e .
A Arm 1 - Arm 2 - Arm 3 -

Modellers should review the connector structure in the first instance and consider deleting
any unnecessary connectors. In addition, modellers should review if the traffic assigned by
LinSig on the weaving connectors reflects realistic on-street conditions, refer to Section
3.4.6 for further information.

3.3.12.3 Cruise Times / Speed

Cruise time is the un-delayed travel time between two points in the study network. It is a
critical input for signal coordination with incorrect cruise time resulting in a badly coordinated
network.

Modellers can enter either cruise time or cruise speed to the relevant connector. The use
of cruise speed is acceptable for ease of model inputs. If cruise speed is used, the
downstream physical lane length should be correct as LinSig calculates the modelled cruise
time based on lane length and cruise speed inputs by the modeller.

Modellers should note that the cruise time / speed at the connectors represent the time /
speed travelling into the next connector. The example in Figure 3-23 displays the cruise
speed at the connectors, where the major road has a posted speed limit of 70km/h and
minor roads with 50km/h to 60km/h as shown in Figure 3-23.
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Figure 3-23: Modelled cruise speed (shown on connectors) to major and minor roads
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3.3.12.3.1 Connectors to Exit Lane

In general, cruise time / speed on connectors to exit lanes can be left blank, however, it
would not affect the model outcome if values have been entered.

It should be noted that if a cruise time / speed value is added to an exit lane connector, the
neighbouring connector making the same movement should have the same value,
otherwise it affects the delay-based traffic flow distributions assigned by LinSig.

3.3.12.3.2 Connector to Internal Lanes

When networks are being modelled, cruise time / speed is required to be added to the
connectors for the internal lanes.

If cruise times cannot be measured on-site, it may be acceptable to apply a cruise speed.
The cruise speed is typically the same as the posted speed limit for long distances between
intersections. However note that cruise speeds often are less than the posted speed limit
as some vehicles will travel at less than the speed limit and geometry. Turning and closely
spaced intersections may also limit cruise speeds.

If cruise speed is used in the LinSig, the modeller should ensure that all of the internal lane
lengths (Refer to Section 3.3.7.2) are modelled correctly, as LinSig calculates the cruise
times based on the inputs for cruise speed and lane lengths. Modellers can use the multi-
select function (Ctrl + left click mouse to draw a box) to edit multiple connectors with the
same parameter (such as cruise speed) at the same time.

Modellers should check the resultant total cruise time between two signal intersections in
the LinSig model is representative to the free flowing cruise time between the two stop lines
in site conditions.
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3.3.12.3.3 Turning Connectors to Internal Lanes

For turning connectors, it is recommended that the input cruise time is increased or the
input cruise speed is reduced to replicate the effect of traffic travelling at a lower speed
when turning. This should be decided on a case-by-case basis depending on the size of the
intersection and the on street operations.

3.3.12.4 Custom Lane Length

While Custom Lane Length can be added to specific connectors to calculate the cruise time
using a different lane length, this function should only be used if the resultant cruise time is
significantly different. For turning connectors, reducing the cruise speed or increasing the
cruise time inputs should be considered first before adjusting the custom lane length.

3.3.12.5 Cruise Time Weighting

Delay based assignment cruise time weighting should only be applied if the LinSig assigned
traffic volume is not considered to be realistic for weaving routes or exit restrictions.
Alternative calibration methods should be explored first before adjusting the cruise time
weighting. The weighting is added to the relevant connector to reduce the amount of traffic
assigned by LinSig to a specific connector such as for weaving routes or exit merging. A
value of 5 to 10 seconds should be used as a starting point.

3.3.12.6 Buses

If bus flows (refer to Section 3.4.1.1) have been modelled in the network model, mean bus
stopped time and bus speed may be added to the connectors, only if necessary.

If the bus speed cells in the connectors are left blank, LinSig calculates the bus speed based
on the speed shown in the Network Settings window.

Main Roads recommends the Mean Bus Stopped Time to be left blank in the connectors,
as it may complicate the bus flow assignment unless further bus set-up has been made. If
the presence of a bus stop reduces the capacity of the general traffic lanes, negative bonus
green times should be used instead to replicate the effect.

3.3.12.7 Platoon Dispersion

The setting should be left as software default, with Use Platoon Dispersion selected, and
Platoon Dispersion Coefficient of 35 applied. Justifications should be provided in the
modelling report if these have been changed.

3.3.12.8 Overrides

The Overrides tab should be left blank as software default. Justifications should be provided
in the modelling report if this has been changed.
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3.3.13 Bus Lanes

For projects that include bus facilities (such as bus lanes or bus only signals) or where
efficient public transport operation is a consideration, buses should be modelled separately
from general traffic so that the public transport benefits can be evaluated.

Refer to Section 3.4.1.1 and Section 3.4.6.1 for information on modelling bus zones and
bus routes.

As general traffic is only permitted to use the last 100m section of the bus lane to make a
left-turn, modellers should not assign the turning traffic directly to the bus lane as it would
overestimate the capacity for the turning traffic. A potential modelling method to overcome
this is shown in Figure 3-24.

Figure 3-24: Recommended method to model turning general traffic using a bus lane
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This is the preferred method to model a bus lane with left-turning general traffic, as it can
replicate the capacity at the bus lane. In this example, lanes 1/1 and 4/1 are bus lanes.

91 A shortlane is added (1/2), attached to the offside general lane (1/3), to replicate that
general traffic is able to use the end of the nearside bus lane to turn left.

1 The length of the short lane (1/2) depends on where the left-turning general traffic can
enter the bus lane (for example, 100m).

1 In Route List View, general traficfr om Zones A to B is o6disall
bus lane (from lanes 1/1 to 4/1).

9 In Route List View, bus traffic from Zones D to E is
traffic lane (from lanes 1/3 to 4/2).

1 In Lane Timings View, negative bonus greens is added at the start of lane 1/1 to
replicate buses cannot pass the stop line at the start of the phase due to the presence
of the left-turning general traffic. Typically two-second negative bonus green is applied
for each PCU of turning traffic in a cycle.

As LinSig has a limitation of not able to model two short lanes attached to a long lane,
alternative modelling methods may need to be considered if another short lane needs to be
included in the assessment. The modelling method should be decided on a case-by-case
basis depending on the site layout and queuing behaviour. Modellers can discuss the
assumptions with Main Roads when developing the models.
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3.3.14 Pedestrian Links

The need to model pedestrian links, connectors, zones and volumes will depend on the
project, to be discussed with Main Roads. Generally, these should be included when
pedestrian delay results are required such as staged crossings or schemes involving
pedestrian facilities upgrades. These should be included in all stages of the modelling for
comparisons to be made between the base and proposed models.

When modelling pedestrian links, the following should be considered:

1 Pedestrian Link Number i if possible, this should correspond to the pedestrian
crossing numbers used in the signal settings.

9 Controlling SGroup i the corresponding signal group should be selected.

9 Crossing Time i refer to the estimated based on the crossing distance divided by
typical walking speed of 1.2 m/s.

1 Crossing Type 1 leave as unspecified.

In addition, if pedestrian connectors are used, Mean Walk Time Between Crossings should
also be entered based on the estimated crossing distance and walking speed of 1.2m/s.

Note that pedestrian signal groups should be included in the LinSig model regardless of
what pedestrian links are modelled, refer to Section 3.5.3.2.

3.3.14.1 Two-Staged Crossing

If a mid-blocktwo-st age crossing is required, Mai n Roac
shown in Figure 3-25. Separate signal controllers are set up at each staged crossing, but

both controllers are assigned under the same Junction. If the crossings are coordinated with

a neighbouring signal intersection, the cycle time should be the same in the model to

examine the traffic platooning. It may be necessary to set up the crossing controllers with

double cycling depending on the scheme requirements.

Figure 3-25: Common LinSig setup to model mid-block two-staged crossings
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3.4

3.4.1

3411

Traffic Flows Inputs

This section details the LinSig input requirements for traffic flows.

Traffic Zones

Traffic zones are required for the network with Zone A corresponding to the approach
containing SCATS loop number 1. Subsequent zones should then be added in the same
order as the arm numbers, usually in the anti-clockwise direction, as shown in Figure 3-5.

For a network model, it is recommended a similar convention is used with Zone A assigned
to the western or northern intersection of the whole network, and subsequent zones are
added to the remaining entry lanes of the intersections, usually in the anti-clockwise
direction. Subsequent zones are then added to the next intersection of the network. An
example is shown in Figure 3-8 and Figure 3-9 in Section 3.3.5.

Bus Zones

For models with bus lanes or special bus facilities, the bus traffic should be modelled
separately from general traffic with separate bus zones, an example is shown in Figure
3-26.

Even if the bus facilities are not present in the existing situation but need to be analysed in
the options modelling, bus traffic and bus zones should still be modelled in the base model
for a o1 irkparisdnofrthe bus tkaffidrelated results, such as delay time.

Figure 3-26: Example of a Bus Zone

Edit Zone *
nrar
Zone b K | 12— (20—
Arm Entering = 13— C
Metwork: ! I 1
Arm Exiting - I S - Mai
O 5 ii ﬁ - Arm 1 - Major St EB
Bus Zone - all routes will be Bus Routes, = “ S : i

I (Bus flows should stil be entered in PCUs). ‘“‘\‘«-_Arm 5 _: MaJDr St WB e)(lé
[v Orly create routes with other Bus Zones . —5/2

oK | Cancel | . —o

If the bus flow is required to be modelled to travel on a particular lane, modellers need to
set up the bus routes as discussed in Section 3.4.6.1.
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3.4.2

3.4.3

3.43.1

3.4.3.2

PCU Conversion

Traffic is composed of various types of vehicles, the range and relative composition of which
can vary from location to location. LinSig uses a common unit to represent general traffic,
known as the Passenger Car Unit (PCU). Common vehicle types are assigned a conversion
factor so that an equivalent PCU value can be generated from classified vehicle data
collected as described in Table 3-2.

Base case traffic data should be determined from classified turning count surveys as they
provide greater accuracy than SCATS counts and allow the conversion of vehicles into
Passenger Car Units (PCUs). Modellers need to calculate the number of PCUs for each
traffic movement in each peak.

Table 3-2: PCU conversion factors

Austroadsbo vehi Vehicle type
0.2

1 1.0 Pedal cycle

2-5 2.0 Motorcycle 0.4
6-9 3.0 Rigid buses 2.0
10-11 4.0 Articulated buses 3.0
12 5.0

Traffic Flows Group

In the Traffic Flows View window, the modeller should provide suitable description names
and enter the start and end times to distinguish between different flow groups. For existing
traffic flows, the date of the existing traffic count should be included in the description names
for the base traffic flow groups for ease the checking. Exemplar traffic flow group names
are, AM Base 01-07-2020 or AM 2031.

Modellers are advised to disable the Auto Assign function in Traffic Flows View. This is to
avoid LinSig reassigning the traffic flows automatically every time an adjustment is made in
the LinSig model as this causes needless delays, particularly when working on a large file,
with multiple intersections or routes with the same origin and destination.

Formula Flow Group

Modellers can use the Flow Group Formula function in the Edit Flow Group window to
calculate new flow groups to reduce the chance of introducing errors when entering the flow
values individually for each flow group. For example, if the modeller wants to add a 2 per
cent growth to the base traffic group F1, modellers can create a new flow group and enter
F1*1.02 in the Formula box.

Component Flow Group

Modellers can also select the Component Flow Group option if the flow group is only used
as part of a formula, and not intended to be a standalone flow group to be assigned to the
model. For example, the traffic solely generated from a new development can be set as a
component flow group, as it would not be assigned in the model without the existing
background traffic.
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3.4.4 Origin Destination Matrix

Main Roadsd preference is to formulate a sing
When working in a multiple intersection model, modellers should not set up a separate OD

matrix for each intersection, as LinSig assigns the lane traffic flow based on the delay at

individual intersections and does not take into consideration the delay across the network,

which results in flow discrepancies between intersections as shown in Figure 3-27.

Figure 3-27: Separate OD set up resulting in inaccurate lane traffic flow allocation across network
should not be used
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3.4.4.1 Matrix Estimation Tool

Where possible, the OD matrices for a multiple intersection model should be estimated
based on the OD proportions obtained from site survey or strategic model outputs, as it
provides the movement proportions between each origin and destination pair as per site
conditions.

However, i f only the intersecti onbultiumatrix ng ¢
estimation tool can be used to estimate a matrix for the network. Modellers can enter the

turning count volume in the Edit Junctions Turning Counts window for each intersection

(see Figure 3-28) and/or in the Matrix Estimation View window. Modellers can then use the

Estimate Traffic Flow Matrix from Turning Counts function to estimate the OD matrix. The

process needs to be repeated for each flow group.

Figure 3-28: Example of Edit Junction Turning Counts window
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3.44.2

3.4.5

3.45.1

3.45.2

Modellers should check if the matrix flows derived by LinSig are reasonable, particularly
between two adjacent side roads in which the traffic is likely to travel via local roads outside
of the modelled area rather than travel via the network within the study area.

Modellers should check the OD matrices derived by LinSig:

1 Inthe Matrix Estimation View window, GEH should be less than 2.0 for all movements.
The GEH requirement is stricter than large scale microsimulation or strategic models
because LinSig focuses on local level assessments with fewer numbers of
intersections, the modelled volume should be close to the site survey.

1 In the Traffic Flows View window, check the derived volume for individual OD pairs
are reasonable, particularly between two adjacent side roads. If required, modellers
camckld the volume of a particul ar Tafic
Flows View and apply the Lock this Value for Matrix Estimation function before using
Li nSi g-ihtool to teiedtimate the matrix.

When large discrepancies exist between intersections, and these are explained by real
sources or sinks of traffic, internal zones and dummy side road arms can be used to
represent these sources and sinks (Refer to Section 3.3.5.3). These should only be used
where the sources and sinks are significant, as adding numerous internal zones for minor
discrepancies may unnecessarily complicate the model.

Bus Flows

If bus zones have been used in the model, the bus volume should not be included in the
Junction Turning Counts for Matrix Estimation.

When reviewing the comparison outputs (such as % difference or GEH) in Matrix Estimation
View, modellers should ensure the Bus Routes flows icon is deselected, otherwise LinSig
would include the bus volume in the Modelled Flow when calculating the comparison
outputs.

Traffic Flow Assignment Options

Following the development of the OD matrix, the traffic should then be assigned in the
model network.

Delay Based Assignment

The most common and preferred method is to assign traffic using Delay Based Assignment.
This method assigns traffic to the routes so that the journey time between the routes with
the same origin and destination zones are as equal as possible. Modellers should review
the assigned traffic, refer to Section 3.4.6 for information.

Customised Delay Based Assignment

The use of the Customised Delay Based Assignment method is not recommended.
Justifications should be provided if this method is chosen.
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3.4.5.3 Entry Lane Balancing

The Entry Lane Balancing method assumes the traffic is evenly distributed across the
available lanes regardless of the lane delay, therefore, this method is not recommended for
modelling analysis.

However, modellers may sometimes find that the Delay Based Assignment values do not

provide a logical flow distribution, as LinSig re-distributes the traffic based on the volume

previously assigned to the network. Occasionally, the Entry Lane Balancing method may

be used to O6resetd the flow assi DaayBased acr o
Assignment again. The final flow iteration should be based on Delay Based Assignment

method.

3.4.5.4 Traffic Zones to Assign

It is recommended that the Assign all Traffic Zones option is selected to ensure traffic from
all zones are assigned in the model. Justifications should be provided if particular zones
have been de-selected.

3.4.6 Review of the Assigned Traffic

Following the traffic assignment, modellers should check the Error View. Ifthe 6 Desi r ed
FI ows do not mat ch t WwaenindAroessage Is re¢etivad,tthés sHolldober s 6
addressedasmodel | er 6s i nput ODiullyasdignech® thérretsvorkn ot b een

The modeller should always check that the lane distributions assigned by LinSig are similar
to observed site lane distributions, as on-street signing, parking, downstream network
layout, perceived delay, perceived safety and other sometimes irrational factors may affect
driver route choice.

Although the use of SCATS detector volume data is not recommended as direct inputs to
develop base models, comparisons can be made to traffic volumes on a lane-by-lane basis
to ensure the proportions closely reflect actual lane-use.

A range of methods can be used to influence the assigned traffic volume:

1 Review and remove any unnecessary connectors in the first instance (refer to Section
3.3.12.2)

1 Apply a Delay-Based Assignment Cruise Time Weighting to the connectors to reduce
the amount of traffic being assigned to the route (refer to Section 3.3.12.5)

T 6Lockdé the traffic inthe Rosite lfiso\fiew awindpve Hdweveru | ar r
the modell er should not o6l ocko6 all the rou
based assignment, or

T 6Di sall owd t he bwusingete |EditsPerimited Rowtast funaion in the
Route List View window. It should be noted that the Disallowed route is applied to all
scenarios in the LinSig model.
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3.4.6.1

3.4.6.2

3.4.6.3

Bus Traffic

Bus movements between the bus zones should be checked in the Route List View window.
In the Edit Permitted Routes window, modellers can change the permitted setting from
software default to Disallow to prevent general traffic from using the bus lane. Similarly, the
function can be used to prevent buses from using the general traffic lanes, if necessary.

The Disallow setting is applied to all scenarios in the model, therefore if the bus lane is peak
dependent then this function is not S ui-
permitted route flows to be zero.

Weaving Traffic

As discussed in Section 3.3.12.2, modellers should review the use of any weave connectors
to ensure that traffic can be distributed across downstream lanes. The use of weave
connectors should be based on observed weaving or lane-changing. In order to maintain
only realistic traffic routes in a network and increase the speed of traffic assignment
calculations, care should be taken to minimise the number of weave connectors in the
network.

Modellers should review the LinSig assigned flow on each lane and determine if weaving
connectors are necessary, as criss-cross connectors are likely to result in unrealistic lane
changes of the assigned flow. For example, Figure 3-29 shows that 310 PCU travel from
lane 1 to lane 2, and at the same time 210 PCU travel from lane 2 to lane 1; where in reality
only 100 PCU may travel from lane 1 to lane 2 and no traffic changing from lane 2 to lane
1.

Figure 3-29: Excessive weaving traffic crossing over should be removed
| e00 - 500 < | s00 - 500 @
| 900 = 1000 — @ | 900 —» 1000 — @
*r-— *>~— —eeeeee *r—
- - Arm 1 - Arm 2 - A
A Arm 1 x Arm 2 A x B

In addition, modellers should review and address any unrealistically high volume of lane
change traffic. In the example shown in Figure 3-30, modeller should exercise engineering
judgement to examine if it is realistic for 664 PCU to change from lane 2 to lane 1 where
there is already a high volume of 858 PCU travelling on lane 1.

Figure 3-30: Unrealistically high lane change volume should be reviewed

Arm.J1 :2 - Example S.t WB Arm J2‘:5 - Example St \‘VB exi
—2 «~— 382 3 «— 1046
—1) < 1522 < 858

Traffic Assignment in an Option Model

When working on a future year or an option model, engineering judgement is required when
deciding the traffic volume to be locked, as the traffic distributions on lanes may not be the
same as the current conditions if the lane layout, traffic volume and signal timings have
been changed.
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3.4.7

3.4.8

Lane-Based Flow Entry Method

Lane-Based Flow Entry method is when modellers manually assign the traffic volume on
each lane and connector. Note that this is different from the Entry Lane Balancing
Assignment discussed in Section 3.4.5.3.

For base models, using the Lane-Based Flow Entry method is acceptable, but not
recommended. Although this method can model the lane flows as per current site
conditions, it takes longer to update the flows for each scenario and it may not be a fair
comparison to the future year flow models. If the Lane-based Flow Entry method is chosen,
justification should be made in the modelling report.

Modellers should ensure that there are no discrepancies between lanes and connectors;
Flow Consistency Mode can be used to display flow discrepancies.

For future year flow and option models, only the Delay Based Assignment method should
be used, as this method takes into consideration the capacity based on the new layout and
timings when assigning traffic to the network.

It is acceptable, but not recommended, to combine Lane-based Flow Entry and Delay-
based Assignment methods for future year traffic analysis. If the base traffic flow is assigned
manually using the Lane-based Flow Entry method, the modeller can use Delay-Based
Assignment to assign only the additional traffic to the network.

Pedestrian Flows

If pedestrian links have been modelled (refer to Section 3.3.14), pedestrian volumes can be
entered by setting up pedestrian zones and origin destination matrices as shown in Figure
3-31. Otherwise, a nominal pedestrian volume (e.g. 10) can be entered to generate the
pedestrian delay results.

Figure 3-31: Example of Pedestrian Matrix and Pedestrian Zones

&Jb Traffic Flows View @ [= &=

#n TrafficMode R Pedestrian Mode Edit Lane-Based Layers \ Delete all unused Flow Groups
Flow Groups Pedestian Origin Destintion bt

Num | Description Type | Stat | End | Duration futo Asson | DesiedFlors  ActualFlons | Diff

F1__AM Base Wed 05... Stand... 08:00 _09:00 01:00 OD1:

Destination
A B c Tot.
] 10 10 20
0 10 20
10 10 0 20
20 20 €0

origin

o|m|=
-

g
&
c

It Auta-Assign is enabled, any changes made to the
Desired Flows data in the Flow Matrix will automatically be
assigned to Routes using the current Traffic Flow
Assignment Options. This will averwrite any existing route
flows you may have

If Auto-Assign is not enabled, the Desired Flows will not
be assigned to Routes until the ‘Assign OD Flows To
Routes’ menu option is selected.

The pedestrian volumes in the LinSig model is used for generating pedestrian related
results, such as delay times. The pedestrian volume entered does not influence the signal
optimisation outcome and it does not affect the demand dependent frequencies or the
further delay to turning traffic during parallel walks. The effect should be taken into account
using bonus green time or other calibration methods discussed in Section 3.5.15 and
Section 3.9.
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3.5

3.51

3.5.2

Traffic Signals Inputs

This section details the LinSig input requirements for traffic signals.

Controller Details

A separate controller should be added for each signalised intersection based on the site
SCATS set-up. The controller details should include the following, as shown in Figure 3-32:

1 Typei SCATS Based should be selected.
9 Name i location of the intersection.

1 SCN i LM/site number.

1 Notes i added if required.

9 Controller Set i select the appropriate controller set, usually Default Controller Set.
Refer to Section 3.5.2 if different controller sets are available.

9 SCATS Daisy Chain Offset Master i leave None as software default.

Figure 3-32: Edit Controller window

5
Edit Controller =

Controller Number 1

Type SCATS™ Based

Name Leach Highway [ North Lake Road

SCN 93

SGroup minimum type T

Allow multiple Phase Streams

Allow non-standard UK Filter Arrows

Notes fl

Controller Set Default Controller Set

SCATS™ Daisy Chain Offset Master None

o

Controller Set

In general, all controllers with the common cycle time should be grouped under the same
controller set; this reduces the amount of user inputs required to edit the cycle times.

Separate controller sets should only be set up if the modelled intersections are operated
with different cycle times.

If an intersection has been imported from another LinSig model, Controller Sets should be
reviewed and the imported controllers should be grouped under the same controller set with
the common cycle time. An example is shown in Figure 3-33.
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3.5.3

Figure 3-33: Controller List View window

Controller List View n
Add Add Mew
Contraller... Controller Set...

: - Controller C1 - Stephenson Ave / Pearson 5t/ Jon Sander
‘. 5Grp:6 Phs:4
- Controller €2 - Leige Street [ Pearson Street
: ‘. 5Grp:6 Phs:2
- Controller Set 2 - CT:140
- Controller C3 - Scarborough Beach Rd [/ Stephenson Ave
SGrp:5 Phs:4

Signal Groups (SGroups)

SGroups should be added and numbered in a manner that is consistent with the signal
groups for existing intersections and the proposed design drawings. Pedestrian SGroups
should be numbered after all traffic SGroups have been determined and should be
numbered in the order of crossing numbers; this arrangement is usually set up in the Traffic
Signal Arrangement (LMA) Drawingswhi ch can be obt ai rraffetmap.r

Generally, only Traffic and Pedestrian SGroup types should be used. An example of a
SGroup layout (based on the intersection shown in Figure 3-4) is shown in Figure 3-34.

Figure 3-34: SGroups window i SGroup numbering

-

- # ==
b S’ Bl | B 6] =|d | 2].2]£
&
1w ol ¢
3

Non UK arrow should be avoided; arrow signal groups should be modelled using the Traffic
SGroup type. When Non UK arrow is assigned to a lane, LinSig considers all traffic in the
lane can proceed if either the full or arrow SGroup is at green, which is different from the
signal operations in Western Australia. Refer to Figure 3-41 for an example on how using
Non UK arrow has led to incorrect green time being modelled.
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3.5.3.1 Traffic Signal Groups

3.5.3.2

As the Minimum Green is entered in the Phase details (refer to Section 3.5.5), it does not
generally need to be entered again for each signal group in the Edit SGroup window.

However, if late start is applied to the phase set up (refer to Section 3.5.6.2) or pedestrian
protection time is applied to a traffic signal group (refer to Section 3.5.3.3), modellers should
consider adding the minimum green in the Edit SGroup window to prevent the traffic signal
group from running less than its intended minimum green, as the late start or pedestrian
protection time takes away some green time from the traffic signal group.

Pedestrian Signal Groups

For all sites where signalised pedestrian crossings are present or proposed, pedestrian
SGroups should be added to the model regardless of the type of scheme to be tested.

For pedestrian SGroups, the pedestrian walk time (invitation to cross), clearance 1 and 2
should match the controller/SCATS system for an existing model.

If there is a Delay time in the pedestrian signal group in the controller/SCATS system, it
should be added to the Walk Time in LinSig, as shown in Figure 3-35.

Figure 3-35: Pedestrian Delay and Walk Time combined in Edit SGroup window

Edit 5Group x
Pedestrian Times
R j' I [ Walk for Green

I Pedestrian Phase Times csapipe  [Fotea <] (FA T )

Clearance 1 [z] |15
I Clearance 2 (3] 5
l walk Times 1 2
I Delay 1 1 | =
walk Time 6 6 —
lclearance 1 15 15 . =
I Clearance 2 5 5
I SGroup Mame additional text

Walk for green should not be selected for LinSig modelling, as it is not possible to enter the
Clearance 1 time when this function is selected in LinSig, which is different from the signal
operations in Western Australia.
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3.5.3.3 Pedestrian Protection

If pedestrian protection has been set up on-site, it should be modelled in the relevant traffic
SGroup based on the controller/SCATS system in the Edit SGroup window. An example is
shown in Figure 3-36.

Figure 3-36: Edit SGroup window (left) and Signal Timing View (right) for pedestrian protection

[ Edit SGroup [
- —a—— 105 110 115 120 125 130 135 140 145 150
St T [ I - T T T I T I I T T
SGroup Type Traffic g
—
SGroup Type cannot be 21 J 2 !
g;lmgirengd l;sntelleaae 2/ 20 _ padestrian Protection 3
controlled by this 4
SEEw Type [Timed for part of the Wk interval | i 5
Timed protection [s) k] | 6 7
Minimum Green (s) l_EI Protected Pedestrian SGroup |3 -] ! 8
9
— 1o
SGroup Name additional text | I | | | | | | | 1 1
[ 105 110 115 120 125 130 135 140 145 150

There are different Pedestrian Protection types in LinSig:

9 Timed for part of the Walk intervals should be used for modelling parallel walks.
Modellers need to determine the timed protection period based on the protection type.

9 Duration of Walk intervals or Timed for Walk interval and part of the Clearance should
not be used as these settings are not reflective to the pedestrian protection set up in
Western Australia.

9 Full protection during Walk and Clearance intervals can be used for modelling fully
controlled crossings.

Late start in Phases (refer to Section 3.5.6.2) should not be used for modelling pedestrian
protections, as the signal parameter inputs should match the settings in SCATS.

Modellers should refer to relevant signal document s o n Ma i trafficiRap dod thed
existing pedestrian protection set up and the timed protection period, and refer to the
relevant guidelines®* for determining suitable set up for the proposed design.

3.5.4 SGroup Conflict Matrix

The SGroup conflict matrix can be populated if desired but is not essential. This prevents
modellers from accidently activating conflicted signal groups in Phase View (refer to Section
3.5.6).

Note that while a filter SGroup can be considered as conflicted with the opposing traffic
SGroup, this should n o t be selected in LinSigbds conflic
movements would still receive green in the same phase in LinSig.

14 Main Roads (2020), Guidelines for Pedestrian Crossing Facilities at Traffic Signals D19#532308

Page 88 of 271



Operational Modelling Guidelines - Version 2.0
. ____________________________________________________________________________________________________________________________________|]

3.5.5

3.551

Modelling Shared Lanes Operated with Different Signal Groups

While LinSig can model multiple traffic movements using the same lane, it has a limitation
of not being able to model two SGroups operated for different movements using the same
traffic |l ane, which can be probl ematic

Modelling Left -turn Arrow for a Mixed Lane

Figure 3-37 illustrates that due to the presence of the parallel walk with time red arrow
control, the left-turn traffic cannot proceed at the start of the phase until the red arrow is
dropped, blocking the through traffic on the kerbside lane.

Figure 3-37: Parallel walk with timed red arrow example
o oo™ Eﬂg (=3
_____________ e O B B}
~—— - L)
S

Figure 3-38 illustrates only the left-turn traffic can proceed at the bonus left-turn (aggro
arrow) phase, the through traffic on the kerbside lane would block the left-turn traffic queuing
behind.

Figure 3-38: Aggro Arrow example

AR OO e o

Given that the two movements operate under separate SGroups, they should be modelled
as two separate lanes in order to assign each lane (movement) to its relevant SGroup, as
outlined in Figure 3-39.

Figure 3-39: Modelling method for mixed signal lanes

Microflare set up for left turn. SG1

assigned for through traffic lanes and Left turn signal group modelled as Full SGroup

SG2 assigned for left turn microflare. /(Black arrow).
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5o @Bl Elelelalelal| el e S [ el @' ]| 8]0 sl 6
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¢ 3 N ‘ s
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slslje 2L 8 R — m=time for SG2 is
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— tg ’ i =
f‘ \ LinSig considers only left turn traffic can
proceed in D phase, which is correct.
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One of the lanes should be modelled as a long lane (lane 1/2) and the other as a short lane
with a 0.5 PCU micro short lane (lane 1/1). The micro short lane should be given to the least
dominant movement with the lowest flow. The saturation flow for both the long lane (lane
1/2) and the micro short lane (lane 1/1) should be the same. This method ensures that any
blocking of through movements by turning movements in shared lanes is accounted for by
LinSig.

In instances where the shared movements occur in a short lane, the modeller should
determine the most appropriate way to model this situation by considering the carriageway
pattern, driver behaviour and the purpose of the modelling analysis. It may be necessary to
convert the pocket short lane into a long lane in LinSig to model the micro short lane. The
decision should be made on a case-by-case basis and justification for this approach should
be detailed in the modelling report.

3.5.5.1.1 Incorrect Use of Non UK Arrow for Left Turn

Non UK Arrows SGroup type should not be used for this situation. Figure 3-40 demonstrates
how Non UK Arrow and not setting up a micro flare would lead to incorrect modelling.

Figure 3-40: Incorrect modelling method for mixed signal lanes

Microflare has not been modelled.

Lane 1/1 is assigned to operate SG1 Left turn signal group modelled as Non UK Arrow

and SG2 for through and left turn /SGroup (Orange arrow).
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T— \ LinSig considers through traffic can also
proceed in D phase, which is incorrect.

3.5.5.2 Modelling Filtered Right Turn

When modelling a filtered right-turn with its own arrow signal group, modellers should
ensure the following are included:

1 Traffic SGroup is used for the right-turning signal group, Non UK Arrow should not be
used. Refer to Figure 3-41.

9 Activate the right-turning signal group in both the unopposed right-turn phase and the
filtered right-turn phase. Refer to Section 3.5.6.1.
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Intergreen drop off (phase overlap) is set up for the phase transition from the
unopposed right-turn phase to the filtered right-turn phase. Refer to Section 3.5.10.

Late start for the right-turn signal group at the start of the filtered phase. Refer to
Section 3.5.6.2.

Pedestrian protection for the right-turn signal group for the conflicting pedestrian
crossing, if applicable. Refer to Section 3.5.3.3.

Right-turning give-way parameters and the appropriate storage in front of stop line
and non-blocking storage values be applied to the right-turn filtered lane. Refer to
Section 3.6.

If the traffic lane is shared for through and right-turn movements, a microflare should
be set up, similar to the method discussed in Section 3.5.5.1. Note that the physical
lane length of the microflare would need to be reduced to the minimum 0.1 PCU as
the non-blocking storage parameter already considers the blockage between the
through and right-turn movements.

Demand dependency adjustments made, if applicable. Refer to Section 3.5.15.

The network set up shown in Figure 3-12 cannot be used for filtered right-turn because
unlike a left-turn give-way slip lane, the right-turn is controlled by traffic signals.

3.5.5.2.1 Incorrect Use of Non UK Arrow

Non UK Arrow SGroup type should not be used for modelling in Western Australia. When
applying the Non UK Arrow SGroup to a traffic lane, LinSig assumes the lane receives
green time in both the Full Green SGroup and Arrow SGroup, and does not take into
account the intergreen drop off and late start, as demonstrated in Figure 3-41.

Figure 3-41: Incorrect modelling method for filtered right turn using Non UK Arrow
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3.5.6

3.5.6.1

3.5.6.2

Signal Phases

Signal phases should be coded in accordance with the site LM plan/SCATS information. All
phases and alternate phases should be coded, even if they are not used in the signal
phasing sequence. This allows for option testing of different phase sequences to be
undertaken quickly, as only the Network Control Plans need to be changed.

The phasing timings (late starts, minimum greens, early cut-off greens and yellow + all red)
should be directly input from controller/SCATS information.

If the SCATS system shows the combined yellow + all red value is a fraction (for example,
0.5), the modeller should always round up the value for the inputs.

For option models, the phasing timings should be reviewed and updated based on the
proposed change to the intersection or phase configuration. Refer to Appendix A for
guidance on determining the timings.

Arro w Signal Groups Activation

Note that some of the signal document s
in a phase and may not provide informat.i
traffic can still proceed but subject to give-way to oncoming traffic or pedestrians). It may
be necessary to observe the signal pattern on-site to identify the SGroup operations in each
phase.

When an
or after the timed red arrow pedestrian protection, modellers should activate the SGroup in
the relevant phases in LinSig, otherwise it would under estimate the capacity of the lanes.

Late Start

If there is a late start value in the phase, the modeller should select the relevant SGroup
that starts later than the other SGroups in the Edit Phase Details window for each phase as
shown in Figure 3-42. It may be necessary to obtain the Phase Sequence Chart document
or observe the signal pattern on-site to identify the SGroup association.

Figure 3-42: Edit Phase Details window (left) and Signal Timing View (right) for late start
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3.5.6.3

3.5.6.4

3.5.7

Pedestrian protections should not be modelled using the late start function in signal phases,
as the signal parameter inputs should match the settings in SCATS (refer to Section
3.5.3.3). Refer to Appendix A for applications of late start in phases.

Early Cut Off

If there is an early cut off value in the phase, the modeller should select the relevant SGroup
in the Edit Phase Details window that uses the extra green time, i.e. green time extended
to be longer than the other SGroup, as shown in Figure 3-43. It may be necessary to
observe the signal pattern on-site to identify the SGroup association.

Figure 3-43: Edit Phase Details window (left) and Signal Timing View (right) for early cut off
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When early cut off has been set up for the Advance Warning Flashing Signals, the relevant
SGroup should be selected in the Edit Phase Details window to ensure the minimum phase
time is replicated correctly in the modelling. Refer to Appendix A for applications of early
cut off in phases.

Signal Head Start

Bus head start or cycle lantern head start should be modelled based on the
SCATS/controller set up. If this has been set up with late start applied to the other traffic
SGroups, then this should be modelled as a late start (refer to Section 3.5.6.2). It may be
necessary to observe the signal pattern on-site to identify the head start arrangement.

Signal Phasing Sequence

Phase sequences to be used in base models should be determined from SCATS history
files and entered in Phase Sequence View. If the phase sequence is the same for each
peak, then the same phase sequence can be used for modelling both scenarios, rather than
setting up separate phase sequences for each peak with identical phases. However if the
phase sequences are different between each peak and in the option models, then separate
phase sequences will be required to be produced.

Occasionally, the phase sequence may need to be rearranged to model fixed offset
relationships, refer to Section 3.5.14 for further information.
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3.5.8 Double Cycle

If the phase sequence is operated twice within one cycle period with identical phase lengths
for each half of the cycle, the modeller should select Double under the Double/Triple time

on Signal Timings View for the double cycle set up, as shown in Figure 3-44.

Figure 3-44: Double Option selected in Signal Timings View for equal phase lengths
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If the phase lengths are required to be different for each half of the cycle, modellers need
to create a new phase sequence repeating the phase orders and select Single under the
Double/Triple time on Signal Timings View as shown in Figure 3-45. Note that this method
is likely to increase the signal optimisation run time as the number of phases increases and

therefore is not recommended.

Figure 3-45: Repeated Phase Sequence for modelling Double Cycle with unequal phase lengths
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3.5.9

3.5.10

3.5.11

Network Control Plans

Network control plans should be developed for each combination of signal phase
sequencing. If the phase sequence is the same for each peak, then the same network
control plan can be used for different scenarios, rather than setting up separate network
control plans with identical information. However if the phase sequences are different
between each peak and in the option models, then separate network control plans will be
required to be produced.

Phase Clearance Overlaps

Intergreen shut down of signal groups (i.e. the signal group operates in continuous phases
but returns to yellow and all red during the intergreen period) should be modelled correctly
as it would result in inaccurate capacity assessment. Modellers should check the relevant
phase transitions in Phase Overlap View and if applicable change the overlap setting from
Default (Yes) to No, as shown in Figure 3-46, to model the intergreen shut down.

It may be necessary to observe the signal pattern on-site to identify the signal drop off in
each phase transition.

Figure 3-46: Phase Overlap View window (left) and Signal Timings View window (right) for
intergreen shut down

Phase Lengths and Cycle Times

For base LinSig models, phase lengths, signal group green times and cycle times should
be based on the weighted average phase length of the study period. These phase times
should be taken from SCATS history files and replicated in LinSig. Refer to Appendix A on
analysing the phase length data.

It is acknowledged that due to demand dependency, it is not always possible to model the
weighted average phase time LinSig. Refer to Section 3.5.15 for guidance.

3.5.11.1 Cycle Time in a Network Model

In a network model, if the signal intersections are set up to be coordinated on site, the cycle
time for the intersections should ideally be the same.

If different cycle times are used, LinSig would not be able to consider the upstream
platooning and assume a flat arrival rate in the calculations; this affects the modelling results
such as mean maximum queue and delay time (refer to Section 3.11 for definitions).
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