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A.1 Introduction 

The input of accurate traffic signal data is important in the calibration and validation of a 

base model and also in the assessment of proposed models. Signal Data Information for 

Modelling document has been developed to provide detail of the options available for 

determining signal timings from SCATS1 data for an existing site and also for the calculation 

of signal timings for a proposed site. It is important to note that this document is intended 

for modelling purposes only. 

A.1.1 Data collection 

For modelling an existing signalised intersection, the following information can be found on 

Main Roads TrafficMap:  

Pavement and Signage Drawing (Light Maintenance drawings, LMB2) to identify: 

 lane configuration; 

 permitted movements. 

Traffic Signal Arrangement Drawing (LMA3) to identify: 

 signal group numbers; 

 phasing arrangement; 

 detector locations and numbers (for interpreting SCATS traffic volumes); 

 signal lantern configurations per signal group; and 

 filtered movements. 

Signal Data spreadsheet which contains following tabs: 

1. Site tab to identify: 

 TCS number(s) 

 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; 

                                                
1 SCATS (Sydney Co-ordinated Adaptive Traffic System) is an adaptive urban traffic management system that 
synchronises traffic signals to optimise traffic flow across a whole city, region or corridor. 
2 LMB plans are signs and lines drawings showing the built geometry, carriageway widths and lane utilisation.  
3 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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 pedestrian delay times; 

 pedestrian walk time; 

 pedestrian clearance 1 and clearance 2 times; and 

 pedestrian protection time 

3. Link and Offset Plans tab to identify: 

 Subsystem; 

 coordinated phases plans; 

 link plans; and 

 upper/lower cycle lengths. 

4. SCATS Phase History tab to identify: 

 operated phase lengths; 

 operated cycle lengths; 

 operated phase sequences; and 

 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 (Refer to Attachment A.1). 

Additional information such as Strategic Monitor (Refer to Attachment A.2) to identify 

selected link plans and SCATS Event History data to identify alternative phase and 

pedestrian demand frequency (Refer to A.2.4) can be provided by Main Roads. 
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A.1.2 Traffic Signal Modelling Components  

In order to develop a high quality model of signalised intersections, modellers should 

ensures phases, inter-phases, signal groups, and coordination are modelled correctly. 

Table A-1 provides the main traffic signal components which are required for modelling. 

Table A-1 Traffic Signal Modelling Components 

Component Item Note 

Phases / inter-phases Phasing sequence LMA and Section A.4 

Minimum green time Section A.1.1 and A.3.2 

Filtering movement Refer to LMA 

Alternative and pedestrian 

phase frequency 

Section A.2.2 

Average phase length Section A.2.3 

 Yellow time Section A.1.1 and A.3.3.2  

 All-red time Section A.1.1 and A.3.3.2 

 Signal group overlap To determine if a signal group 

overlaps during intergreen time 

site visit may require.  

Traffic Signal groups / 

phases 

Late Start Sections A.1.1and A.3.3.1 

Early Cut-off Section A.1.1 and A.3.3.10 

Pedestrian protection time Section A.3.5 and A.1 

Pedestrian Signal groups Delay Sections A.3.4.1 and A.1 

Walk time Section A.3.4.2 and A.1 

Clearance time It may need to be recalculated 

for intersections with updated 

geometry. 

Section A.3.4.3 and A.1 

Walk for green Section A.3.4.4 

Coordination Coordinate phase A.5.2 

Reference site and phase A.5.3 

Offset length A.5.4 
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A.2 Average Signal Timing for Existing Sites 

In the development of operational models the average timings are usually calculated for the 

relevant peak hour in the base model. This section provides information on how to calculate 

average signal timings based on SCATS data. 

There are many ways to determine the average timings ranging from using very little data 

(five minute signal data collected on site) to detailed analysis of SCATS data. For 

operational modelling Main Roads requires the use of SCATS data, such as phase or event 

history, to determine the average signal timings. 

A.2.1 SCATS Phase History File 

A SCATS phase history file is a log file which contains phase sequences and phase times 

at signalised intersections. These files are generally available for the past 24 months and 

can be exported into a text or CSV file. 

As Figure A-1 shows, a phase history file (extracted from Main Roads TrafficMap Website) 

contains date, duration, start time and end time of the phases. 

Figure A-1:  Example of SCATS Phase History File (.xlsx) 
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A.2.2 SCATS Event History File 

SCATS event history provides the recorded history of signal group activation for all signal 

groups (including pedestrian signal groups, labelled as Walk). This file can be used to 

calculate the pedestrian and alternative phase demands. Main Roads can provide SCATS 

event history file in .csv format.  

Figure A- 2 shows an example of SCATS event history file for traffic and pedestrian signal 

groups. 

Figure A- 2:  Example of SCATS Event History file for pedestrian signal groups 

 
 

Definition of SCATS history outputs for traffic signal groups are listed below: 

 SGi is signal group I; 

 SGi=On is recorded when signal; group i is activated; and 

 SGi=Off is recorded at the end of green time for signal group i. 
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A.2.3 Average Signal Timing Calculation 

This section discusses the method that is recommended by Main Roads for calculating average signal timings for modelling. Calculations 

should be included in the modelling package for auditing purposes. 

For modelling purposes, a complete cycle can be defined as from the start of the stretch phase4 of a phase sequence to the start of the next 

stretch phase. Figure A-3 shows an example of typical cycles of a signalised T-intersection with three phases. The stretch phase in this example 

is A phase. In cycle 2, C phase was skipped.  

Figure A-3:  Cycles of a T-intersection with three phases 

 

 

The average cycle length and average phase lengths are calculated only for the completed cycles which start during the modelling period. The 

last complete cycle may finish after the end of the modelling period, however, that will be included in the calculations. Therefore, ‘calculation 

period’ is defined from the start of the first stretch phase within the modelling period until the start of the first stretch phase after the end of the 

modelling period.  

  

                                                
4 Every phase sequence has one stretch phase which will run in every cycle. The stretch phase uses all the time not used by the other phases in the sequence. Most of the time the 
stretch phase is A phase. 

A Phase C PhaseB Phase A Phase B Phase

Cycle 1 Cycle 2

A Phase

Cycle 3 

ModellingPeriod

Phase C
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Figure A-4 shows an example of how the calculation period of average timings can fall outside of the modelling period due to the stretch phase 

of the last cycle to be included has started during the modelling period. 

Figure A-4:  Calculation period 

 

Average of the cycle length (𝑐𝑡𝐴) during the time period can be calculated as below: 

𝑐𝑡𝐴 =
𝑐𝑡𝑇

𝑛𝐶
 (seconds) 

Where: 

𝑛𝐶 is the number of complete cycles that occur during the calculation period. This is equal to the number of stretch phases that occur during 

the calculation period. 

𝑐𝑡𝑇 is total length of calculation period in seconds which is equal to the total length of complete cycles which starts during the time period. 

This is equal to the length of the time from when the first stretch phase occurred in the time period until the start of the first stretch phase 

which occurs immediately after the end of the time period (Figure A-4). 

Average phase length (𝑡𝑖) for every phase in the sequence during the time period (𝑡𝑖, e.g. for A phase, i=A, for B phase, i=B etc.) can be 

calculated as below: 

𝑡𝑖 =
𝑝𝑡𝑖

𝑛𝐶
   (seconds) 

Where: 

𝑝𝑡𝑖 is the total time in seconds when 𝑖 phase (i= A, B, …) is active during the calculation period.

A Phase

(stretch)

B Phase C Phase A Phase

(stretch)

B Phase C Phase

…
B Phase C Phase A Phase

(stretch)

B Phase C Phase A Phase

(stretch)

B PhaseC Phase

Cycle 1

Modelling Period

Cycle 2 Cycle   

Calculation period

Cycle 3 to   - 1 

  = Total Number of complete cycles which occur during the calculation period
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This activation time includes total green time and following intergreen time (early cut-off, 

yellow and all-red).  

The sum of the average phase lengths during a time period should be equal to average 

cycle length for that time period.  

It should be noted phase frequency is not considered in the average phase time calculated 

in SCATS History Viewer or SCATS History Reader. 

The following Equation can be used to determine average phase lengths using calculated 

average phase lengths in SCATS: 

𝑡𝑖 = 𝑡𝑠𝑖 × 𝑓𝑖   (seconds) 

Where:  

𝑡𝑠𝑖 is calculated average phase time in SCATS for 𝑖 phase; and 

𝑓𝑖 is frequency of 𝑖 phase (0 ≤ 𝑓𝑖 ≤ 1). 

Frequency of stretch phase is always one (100 percent). 

For sites with low frequency phases, the stretch phase can be extended over more than 

one complete cycle of coordinated sites. This is important for calculation of a common cycle 

time for coordinated sites. In this situation average phase and cycle lengths may need to 

be calculated based on number of complete cycles that occur during the calculation period 

at other coordinated sites. 

Start of A phases at Signal 1 and 2 are coordinated in the example which is shown in Figure 

A-5. To reflect the coordination between these signals in a model with fixed signal timings, 

the average phase and cycle times for Signal 1 should be calculated based on the number 

of complete cycles at Signal 2. 

Figure A-5:  Complete Cycles for Coordinated Sites  

 

A.2.4 Pedestrian Demand Estimation 

SCATS event history file (Figure A- 2) records if a pedestrian signal group operates during 

a phase. This can be used to estimate the pedestrian demand for modelling (i.e. when 

pedestrian signal groups are not run in every cycle). 

Definition of SCATS history outputs for pedestrian signal groups are listed below: 

 Walk j is pedestrian signal group j.  

 Walk j: Demand=On is recorded when demand for pedestrian signal group j is 

detected (e.g. push button is pressed). 

Signal 1 A B A B

Signal 2 A B C A B C A B C A B

Complete Cycle 1 Complete Cycle 2 Complete Cycle 3 Complete Cycle 4
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 Walk j: Demand=Off Active=On is recorded when demand for pedestrian signal group 

j is met as a result of its activation. 

 Walk j: Active=Off is recorded at the start of clearance 1 for the pedestrian signal 

group j. 

The number of pedestrian signal group activations during a time period may be estimated 

by counting the number of situations when signal group j was activated (e.g. Walk 1: 

Demand=Off Active=On) from the start of the first complete cycle until the end of the last 

complete cycle that started during the time period. 
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A.3 Signal Data Time Settings 

For developing a well calibrated model of a signalised intersection, signal time settings in 

the model must be consistent with the current settings for an existing site or must be 

calculated carefully for a new site. 

A.3.1 Late Start 

The late start setting is typically used as a pre-defined time to delay the introduction of some 

signal groups at the start of a phase. 

Two examples of late starts are: 

 to delay the start of a left turn signal group because of the intersection geometry 

(Figure A-6); 

Figure A-6:  Example of left turn signal group late start (northbound) 

  

 to delay the start of the filtering right turn. Examples of phasing sequence which 

includes late start applied on filtering right turn are shown in Figure A-21 and Figure 

A-25. 

Proposing late start for a new or an existing intersection requires Main Roads’ agreement. 

For existing intersections, late start time can be found on Main Roads TrafficMap (Timings 

tab in Signal Data Spreadsheet and phase sequence chart). 

Phase sequence chart (.doc) often contains late start information. This document may 

specify any signal groups on which late start time is applied. Site observation is required to 

confirm that these timings have been applied correctly.  

All-red time

Late Start time 

N
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A.3.2 Minimum Green 

Minimum green is a minimum safe time when the green aspect of a signal must be displayed 

when it changes from red to green. Minimum green time is mainly dependant on the width 

of the intersection but can also be influenced by geometry, grades, usage by heavy vehicles 

and other local factors. In WA minimum green is greater or equal to six seconds. 

For existing intersections, minimum green can be found on Main Roads TrafficMap (Timings 

tab in Signal Data Spreadsheet). 
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A.3.3 Vehicle Intergreen Times 

Intergreen time is the period between the end of the green time of one phase and the 

beginning of the next phase’s green time. This transition time includes early cut-off time, 

yellow time and all-red time.  

For new signalised intersections or existing signal intersections with proposed 

modifications, intergreen times may be changed. Therefore, for the new scheme, in order 

to minimise the risk of accidents, intergreen times should be calculated carefully. The 

formulae in the proceeding sections were published in Austroads’ 2016 Guide to traffic 

Management Part 9: Traffic Operations, Appendix G: Signal Timing. Modellers should follow 

the recommended methods to calculation intergreen times for signalised intersections in 

Western Australia. 

For existing intersections, vehicle intergreen times can be found on Main Roads TrafficMap 

(Timings tab in Signal Data Spreadsheet and phase sequence chart). 

A.3.3.1 Early Cut-off 

Early cut-off time is used at two stage traffic signals, advanced warning flashing signals 

(AWFS) or extending clearance time for bicycle signal groups. It may also be used to 

manage traffic in a network (gating etc.). 

Early cut-off time is calculated based on its application: 

 For AWFS, early cut-off value (normally 7 seconds) depends on distance, approach 

speed and grade. For more information refer to Main Roads’ Advance Warning 

Flashing Signals webpage.   

 For staggered shut down, early cut-off time depends on the distance between the two 

stop lines. 

 For sites coordinated with rail crossings, early cut-off time depends on the 

opening/closing speed of the boom gates and the distance from stop line to boom 

gates or time to get to the rail crossing at the end of the railway phase and time clear 

the rail crossing area (no man’s land) at the end of the clearance phase. 

A.3.3.2 Yellow Time 

Yellow time provides sufficient warning of phase termination to drivers to decelerate and 

stop safely. A typical practical yellow time is defined from three to six seconds as 

recommended by Austroads. 

The equation below from Austroads (AGTM09-16) shows how to determine the yellow time: 

𝒕𝒚 = 𝒕𝒓 + 𝟎. 𝟓 (𝑽𝑫 𝟑. 𝟔)⁄ (𝙖𝒅 + 𝟗. 𝟖𝑮)⁄  subject to 𝒕𝒚 ≥ 𝟑. 𝟎 (seconds) 

Equation: A-1 

where: 

𝑡𝑦 =yellow time (s) 

𝑡𝑟 = reaction time (s), (1.0 s – 1.5 s) 
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𝑉𝐷 = design speed (km/h) 

𝑎𝑑 = the deceleration acceptable to the majority of drivers (m/s²), commonly taken as 

3.0 m/s², but in the case of heavy vehicles a lesser value may be appropriate 

𝐺 = average approach grade over the stopping distance (per cent grade divided by 100) 

 {
𝐺 > 0      𝑓𝑜𝑟 𝑢𝑝ℎ𝑖𝑙𝑙 𝑔𝑟𝑎𝑑𝑒
𝐺 < 0 𝑓𝑜𝑟 𝑑𝑜𝑤𝑛ℎ𝑖𝑙𝑙 𝑔𝑟𝑎𝑑𝑒

     e.g. -0.05 for 5% downhill 

It is recommended to round up the calculated yellow time from Equation: A-1 to the nearest 

0.5 second for practical reasons. The same yellow time must be applied for the opposite 

traffic movements at an intersection on a grade. 

For implementation yellow time in WA, Table A-2 shows appropriate yellow times for 

different approach grades. Modellers should use this table to determine yellow times. 

Table A-2:  Yellow time (𝑫𝒆𝒕𝒆𝒓𝒎𝒊 𝒆𝒅 𝒖𝒔𝒊 𝒈  𝒕𝒓 = 𝟏. 𝟎 𝒔  𝒂 𝒅  𝒂𝒅 = 𝟑. 𝟎 𝒎/𝒔𝟐) 

Approach grade 
𝑽𝑫

= 𝟒𝟎 𝒌𝒎/𝒉 

𝑽𝑫
= 𝟓𝟎 𝒌𝒎/𝒉 

𝑽𝑫
= 𝟔𝟎 𝒌𝒎/𝒉 

𝑽𝑫
= 𝟕𝟎 𝒌𝒎/𝒉 

𝑽𝑫
= 𝟖𝟎 𝒌𝒎/𝒉 

10.1% to 15% 
downhill 

5.0 6.0 6.5 7.5 8.5 

6% to 10% 
downhill 

4.0 4.5 5.5 6.0 6.5 

4.1% to 5.9% 
downhill 

3.5 4.0 4.5 5.0 5.5 

Level (0% to ± 4%) 3.0 3.5 4.0 4.5 5.0 

4.1% to 5.9% uphill 3.0 3.0 3.5 4.0 4.5 

6% to 10% 
uphill 

3.0 3.0 3.5 4.0 4.5 

10.1% to 15% 
uphill 

3.0 3.0 3.5 3.5 4.0 

Source: Main Roads Western Australia Website  

The yellow time for signal groups with an early cut-off is equal to the yellow time of the 

phase in which the early cut-off operates.  

A.3.3.3 All-red Time 

The second part of the intergreen time is all-red time which provides sufficient time for 

vehicles crossing the stop line at the end of the yellow time of a phase or signal group to 

clear the conflict area with vehicle and pedestrian traffic of the next phase. 

The recommended method by Austroads (AGTM09-16) to calculate all-red time is shown 

in the equation below: 

𝒕𝒂𝒓 = 𝟑. 𝟔 𝑳 𝑽𝑫⁄   subject to 𝒕𝒂𝒓 ≥ 𝟏. 𝟎       (seconds) 

Equation A-2 

where: 

𝑡𝑎𝑟 = all-red time (s) 
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𝐿𝑐 = clearance distance between the stop line and furthest point of potential conflict with 

vehicle and pedestrians of the next phase (m) 

𝑉𝐷 = design speed (km/h) 

In WA, posted speed is used in all-red time calculations. 

For implementation purposes in WA, the following steps are taken to calculate all-red time: 

Step 1: measure the clearance distance between the stop line and furthest point of potential 

conflict with vehicles and pedestrians of the next phase (in meter); 

Step 2: divide the measured length by the posted speed limit in meter per second provided 

in Table A-3. 

Table A-3:  Posted speed limit in meter per second to calculate all-red time 

Posted Speed – km/hr Posted Speed – m/sec 

40 km/hr 11 m/sec 

50 km/hr 13 m/sec 

60 km/hr 16 m/sec 

70 km/hr 19 m/sec 

80 km/hr 22 m/sec 

 

Step 3: round the result up in increments of 0.5 seconds. 

For unusual traffic conditions, longer all-red times can be justified (for example, heavily used 

intersections by slow vehicles). 
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To determine all-red times, modellers should refer to calculated values in Table A-4 which 

provides all red time based on distance measured from stop line to last point of conflicts. 

Table A-4:  All-red Time 

All-red (Distance measured from stop line to last point of conflict in meter) 

40 km/h – d/11 50 km/h - d/13 

DISTANCE* (Metres) TIME (Seconds) DISTANCE* (Metres) TIME (Seconds) 

up to 11 1.0 up to 13 1.0 

12 to 17 1.5 14 to 19 1.5 

18 to 22 2.0 20 to 26 2.0 

23 to 28 2.5 27 to 32 2.5 

29 to 33 3.0 33 to 39 3.0 

34 to 38 3.5 40 to 45 3.5 

39 to 44 4.0 46 to 52 4.0 

60 km/h - d/16 70 km/h - d/19 

DISTANCE* (Metres) TIME (Seconds) DISTANCE* (Metres) TIME (Seconds) 

up to 16 1.0 up to 19 1.0 

17 to 24 1.5 20 to 28 1.5 

25 to 32 2.0 29 to 38 2.0 

33 to 40 2.5 39 to 47 2.5 

41 to 48 3.0 48 to 57 3.0 

49 to 56 3.5 58 to 66 3.5 

57 to 64 4.0 67 to 76 4.0 

80 km/h - d/22 

DISTANCE* (Metres) TIME (Seconds) 

up to 22 1.0 

23 to 33 1.5 

34 to 44 2.0 

45 to 55 2.5 

56 to 66 3.0 

67 to 77 3.5 

78 to 88 4.0 

Source: Downer Mouchel and Main Roads WA, as per Austroads Guide to Traffic Management Part 

9: Traffic Operations (2016) 
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A.3.4 Pedestrian Timings 

Pedestrian timings include: 

 Delay 

 Walk time (invitation to cross) when pedestrians begin their crossing (green figure on 

pedestrian lantern); and 

 Clearance time (clearance 1 + clearance 2) is the time period which is provided for 

pedestrians to allow them to complete their crossing safely if they have stepped off 

the kerb at end of the walk time. During the clearance time there is a flashing red 

figure or countdown timer for mid-block signalised pedestrian crossing. 

For existing intersections, pedestrian times can be found on Main Roads TrafficMap 

(Timings tab in Signal Data Spreadsheet). 

For new signalised intersections or existing signal intersections with proposed 

modifications, pedestrian timings may be changed. Therefore, in order to minimise the risk 

of accident, those timings should be calculated carefully. Information on how to calculate 

the pedestrian timings are provided in sections A.3.4.1 to A.3.4.4. 

Figure A-7, Figure A-8 and Figure A-9 show the relationship between vehicle traffic signal 

timing and pedestrian timings for different situations. 

Figure A-7:  Parallel walk with minimum green time i.e. phase is extended by pedestrians 

 

Figure A-8:  Parallel walk with extended green time i.e. phase is extended by vehicles 
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Figure A-9:  Mid-block signalised crossing 

 

A.3.4.1 Delay 

Delay time will be applied before pedestrian walk time wherever all-red time of the previous 

phase is not sufficiently long to clear the conflict area with a parallel pedestrian crossing of 

the proceeding phase. For example, Figure A-10 shows an example of delay time where 

the pedestrian conflict area is further away from the vehicles conflict area and how delay 

would be applied for the pedestrian signal group during the phase transition.  

Figure A-10:  An example of application of pedestrian delay time 

 
  

Yellow + All-red

Clearance 2Walk time Clearance 1

Vehicle Phase

Pedestrian Phase

Pedestrian Intergreen = Total Clearance time + All-red
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A.3.4.2 Walk Time 

Walk time (invitation to cross) is usually six seconds in WA, but may be increased in 

locations if deemed necessary, perhaps where vulnerable road users or mobility impaired 

users are prevalent. This is subject to Main Roads’ policy and guidance. 

A.3.4.3 Clearance Time 

The pedestrian clearance time is based on the pedestrian crossing length measured from 

pushbutton pole to the ramp on the opposite kerb (Refer to Figure A-11: Full Crossing 

Length (A)). 

Clearance time includes ‘Clearance 1’ and ‘Clearance 2’. When a pedestrian signal group 

runs during a phase, the phase green time must be greater than or equal to Clearance 1. 

Clearance 2 may occur during intergreen. For safety purposes, in WA Clearance 2 must be 

one second shorter than intergreen time (refer to Figure A-7). 

Pedestrian clearance times can be calculated as follows (decimal calculated total clearance 

time should be rounded up): 

𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 1 + 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 2 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑇𝑖𝑚𝑒 =
𝐹𝑢𝑙𝑙 𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔 𝐿𝑒𝑛𝑔𝑡ℎ (𝐴)

1.2
 

Where: 

𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 2 = 𝐸𝑎𝑟𝑙𝑦 𝐶𝑢𝑡 𝑂𝑓𝑓 𝐺𝑟𝑒𝑒𝑛 + 𝑌𝑒𝑙𝑙𝑜𝑤 + 𝐴𝑙𝑙 𝑅𝑒𝑑 − 1  

Therefore: 

𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 1 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑇𝑖𝑚𝑒 − 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 2 

 
 

Clearance time may need to be calculated using a walking speed of 1.0 meter per second. 

For more information refer to Main Roads’ Guidelines for Pedestrian Crossing Facilities at 

Traffic Signals.   
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For implementation purposes in WA, Table A-5 provides pedestrian crossing time based on 

crossing distances. 

Distance measured from pushbutton pole to ramp on opposite side. If the distance from 

pushbutton pole to the ramp on the opposite kerb does not match, the longest distance 

should be measured. 

Table A-5:  Clearance time settings 

DISTANCE 
(Metres) 

CLEARANCE TIME 
(Seconds) 

DISTANCE 
(Metres) 

CLEARANCE TIME 
(Seconds) 

4.00 4 25.00 21 

5.00 5 26.00 22 

6.00 5 27.00 23 

7.00 6 28.00 24 

8.00 7 29.00 25 

9.00 8 30.00 25 

10.00 9 31.00 26 

11.00 10 32.00 27 

12.00 10 33.00 28 

13.00 11 34.00 29 

14.00 12 35.00 30 

15.00 13 36.00 30 

16.00 14 37.00 31 

17.00 15 38.00 32 

18.00 15 39.00 33 

19.00 16 40.00 34 

20.00 17 41.00 35 

21.00 18 42.00 35 

22.00 19 43.00 36 

23.00 20 44.00 37 

24.00 20 45.00 38 

Source: Downer Mouchel and Main Roads WA 
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A.3.4.4 Walk for Green 

Walk for green (also known as rest in walk/extended walk/stretch walk) is when walk interval 

for pedestrian movement with no parallel vehicle movement is extended as long as possible. 

The pedestrian movements with walk for green is automatically activated during the 

specified phases. 

A.3.5 Pedestrian Protection Time 

Pedestrian protection time which is delay of commencing the green time of the vehicle 

signal groups conflicted with a pedestrian signal group in a parallel walk phase. 

WA has a number of different types of pedestrian protection at pedestrian crossing facilities 

at signalised intersections. Below are examples of the commonly configured pedestrian 

protection used at these crossing facilities: 

 Exclusive Pedestrian phase (where geometry / phasing arrangements allow);  

 Parallel Walk with Time Control;  

 Parallel Walk with Time Control and Flashing Yellow; 

 Parallel Walk with Timed Red Arrow Control; 

 Parallel Walk with Timed Red Arrow Control and Flashing Yellow; and 

 Fully Controlled Crossing. 

Pedestrian protection type should be agreed with Main Roads. Refer to Main Roads’ 

Guidelines for Pedestrian Crossing Facilities at Traffic Signals. 

 

Note: In WA, pedestrian protection time is different from late start. Late start is to ensure a 

vehicular movement (signal group) from previous phase is cleared before running its 

opposed vehicular movement in the current phase. Whereas, pedestrian protection is to 

stop parallel vehicular movement at the beginning of the current phase to make the 

pedestrian movement safer. 

Similar to pedestrian clearance time, pedestrian protection times are determined by the 

length of the pedestrian crossing. Figure A-11 describes the measurements required to 

determine these values. 
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Figure A-11:  Determination of Pedestrian Protection Times 

 

Note: If the full crossing distance (A) from pushbutton pole to the ramp on the opposite kerb does not match, 

the longest distance should be measured. 

Measurements are: 

 A: full crossing length (from push button to the kerb) 

 B: length from push button before entry lane(s) to 1.0m past the median, or 55% of 

the full crossing length A (whichever is greatest) 

 C: length from push button before entry lane(s) to the middle of the road on the exit 

lane(s) 

To calculate the pedestrian protection time for measured A, B and C lengths, modellers 

should refer to Table A-5. 

The following examples show how protection time is determined for each crossing type. 

In these examples the western pedestrian crossing length (pedestrian signal group 1) is 20 

metres. Therefore, as explained in the Section A.3.4.2 and A.3.4.3, walk time and clearance 

time are six seconds and 17 seconds, respectively. 

  

A

B

C
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A.3.5.1 Exclusive Pedestrian Phase 

Figure A-12 shows exclusive pedestrian phase. 

Figure A-12:  Exclusive Pedestrian Phase 

 
One second of all-red should be applied after mid-block crossing and exclusive pedestrian phase. 

A.3.5.2 Parallel Walks with Time Control 

Generally a time separation protection of five seconds is applied in WA (refer to Figure A-

13). 

Figure A-13:  Parallel Walks with Time Control  

 
 

A.3.5.3 Parallel Walks with Time Control and Flashing Yellow 

For a new site with flashing yellow, a time separation protection of three seconds should be 

applied in WA (refer to Figure A-14). After three seconds, the vehicular signal group which 

has conflict with the pedestrian crossing displays both a green light and a flashing yellow 

light. The flashing yellow light is displayed during the walk time and clearance time and 

warns drivers to proceed with care. 
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Figure A-14:  Parallel Walk with Time Control and Flashing Yellow  

 
 

A.3.5.4 Parallel Walk with Timed Red Arrow Control 

The red arrow should be displayed to provide enough time to the pedestrians who started 

their crossing from the far side of the road to pass the median and reach the middle of the 

road on the exit side (“C” movement in Figure A-11). 

Red arrow time will be calculated as below: 

𝑅𝑒𝑑 𝐴𝑟𝑟𝑜𝑤 𝑃𝑟𝑜𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 =  
𝐿𝑒𝑛𝑔𝑡ℎ 𝑡𝑜 𝑚𝑖𝑑𝑑𝑙𝑒 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑜𝑛 𝑒𝑥𝑖𝑡(𝐶)

1.2 𝑚/𝑠
 

In this example length of C is 17 metres; therefore, red arrow should be displayed for 14 

seconds (refer to Figure A-15). 

Figure A-15:  Parallel Walk with Timed Red Arrow Control 

 

A.3.5.5 Parallel Walk with Timed Red Arrow Control and Flashing Yellow 

In this case the red arrow should be displayed to provide enough time to the pedestrians 

who started their crossing from the far side of the road to pass the median. Afterwards, the 

vehicular signal group which has conflict with the pedestrian crossing displays both green 

and flashing yellow signals. The flashing yellow signal is displayed during walk time and 

clearance time and warns drivers to proceed with caution. 
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Red arrow time with flashing yellow will be calculated as below: 

𝑅𝑒𝑑 𝐴𝑟𝑟𝑜𝑤  𝑡𝑖𝑚𝑒 =  
𝐸𝑖𝑡ℎ𝑒𝑟 (𝐵)𝑜𝑟 55% × (𝐴), 𝑤ℎ𝑖𝑐ℎ𝑒𝑣𝑒𝑟 𝑖𝑠 𝑙𝑜𝑛𝑔𝑒𝑟

1.2 𝑚/𝑠
 

In this example length of B is 14 metres; therefore, red arrow should be displayed for 11 

seconds (Figure A-16). 

Figure A-16:  Parallel Walk with Timed Red Arrow Control and Flashing Yellow  

 

A.3.5.6 Fully Controlled Crossing 

In this case, red arrow should be displayed during the entire time of walk time and clearance 

time (Figure A-17). 

Figure A-17:  Fully Controlled Crossing 

  

A.3.5.7 Pedestrian Protection for Existing Sites 

For existing intersections, pedestrian protection times can be found on Main Roads’ 

TrafficMap (Timings tab in Signal Data Spreadsheet and phase sequence chart). 

Generally, cell 11 of SCATS Special Times (Timings tab in Signal Data spreadsheet) is 

used for pedestrian protection time; however, others cells can also be used when more than 

one pedestrian protection time is defined for that intersection.  
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Phase Sequence Chart (.doc) often contains pedestrian protection information. It may 

specify any signal groups on which pedestrian protection time is applied (refer to 

Attachment A.1). 

Site observation is required to confirm that pedestrian protection timings have been applied 

correctly. 
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A.4 Signal Phasing Sequences 

For new signalised intersections and also for proposed modifications to existing signalised 

intersections, signal phase sequences must be approved by Main Roads. Examples of 

phase sequences that are compatible with SCATS are provided in this section. This will 

assist the modeller with determining the most appropriate phasing sequence. It should be 

noted that this section should be used for modelling purposes only.  

Figure A-18 introduces all the possible movements and their signal groups used in Figure 

A-19 to Figure A-28. 

Figure A-18:  Legend 
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A.4.1 Conventional 

Figure A-19 shows a conventional phasing sequence with two phases (A and B). Right turn 

movements are filters.  

Figure A-19:  Conventional two phase 

 

To have more complex phasing sequences for an intersection, based on its geometry and 

peak hour demand, one or both two phases in the conventional phasing sequence can be 

replaced with the following phasing sequences discussed in Section A.4.2 to Section A.4.7. 

  

A Phase B Phase
Intergreen Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
NB – R

WB – L
WB – T
WB – R

SB – L
SB – T
SB – R

N
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A.4.2 Leading Right Turn 

Figure A-20 shows the leading right turn with filter right turn phasing sequence for the 

eastbound approach. If it suits the intersection geometry and U-turn is not permitted, the 

northbound left turn signal group can run during A phase (e.g. aggro arrow, refer to Section 

A.4.8). 

Figure A-20:  Leading Right Turn with filter right turn (EB) 

 
  

N

B Phase
Intergreen

A Phase
Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
NB – R

WB – L
WB – T
WB – R

SB – L
SB – T
SB – R
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Leading right turn with late start (refer to Section A.1.1) is shown in Figure A-21. If it suits 

the intersection geometry and U-turn is not permitted, the northbound left turn signal group 

can run during A phase (e.g. aggro arrow, refer to Section A.4.8). 

Figure A-21:  Leading Right Turn with late start (EB) 

 
  

N

B Phase
Intergreen

A Phase
Intergreen

EB – L
EB – T
EB – R LS

NB – L
NB – T
NB – R

WB – L
WB – T
WB – R

SB – L
SB – T
SB – R
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A.4.3 Lagging Right Turn 

Figure A-22 shows the lagging right turn phasing sequence for the eastbound approach. 

This sequence is recommended when there is no opposed right turn (Refer to Section 

A.1.1). If it suits the intersection geometry and U-turn is not permitted, northbound left turn 

signal group can run during B phase (e.g. aggro arrow, refer to Section A.4.8). 

Figure A-22:  Lagging Right Turn 

 
  

N

B PhaseA Phase
Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
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WB – T

SB – L
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NRT NRT
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¹NRT = No Right Turn
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Lagging right turn with filtering is shown in Figure A-23 (refer to Section A.1.1). If it suits the 

intersection geometry and U-turn is not permitted, northbound left turn signal group can run 

during B phase (e.g. aggro arrow, refer to Section A.4.8). 

Figure A-23:  Lagging Right Turn with filtering 
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A.4.4 Lead – Lag Right Turn 

Figure A-24 shows the lead – lag right turn phasing sequence for the eastbound approach. 

If it suits the intersection geometry and U-turn is not permitted, northbound and southbound 

left turn signal groups can run during A and C phases, respectively (e.g. aggro arrow, refer 

to Section A.4.8).  

Figure A-24:  Lead - Lag Right Turn 

 
  

B Phase
Intergreen

A Phase
Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
NB – R
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WB – T
WB – R
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N



Appendix A: Signal Data Information for Modelling – Version 2  

  

 Page A-35 

Lead – lag right turn with filtering lagging right turn is shown in Figure A-25. Filtering leading 

right turn is not allowed (Refer to Section A.1.1). If it suits the intersection geometry and U-

turn is not permitted, northbound and southbound left turn signal groups can run during A 

and C phases, respectively (e.g. aggro arrow, refer to Section A.4.8). 

Figure A-25:  Lead – Lag Right Turn - With filtering lagging turn 

 
  

B Phase
Intergreen

A Phase
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NB – L
NB – T
NB – R

WB – L
WB – T
WB – R LS

SB – L
SB – T
SB – R

C Phase

N



Appendix A: Signal Data Information for Modelling – Version 2  

  

 Page A-36 

A.4.5 Repeat Right Turn 

If right turn movement is heavy, the same signal groups can be repeated in a new phase. 

Figure A-26 shows repeat right turn phasing sequence with no opposed right turn. If it suits 

the intersection geometry and U-turn is not permitted, northbound left turn signal groups 

can run during A and C phases (e.g. aggro arrow, refer to Section A.4.8).  

Figure A-26:  Repeat Right Turn 

 
  

B Phase
Intergreen

A Phase
Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
NB – R
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WB – T

SB – L
SB – T
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C Phase
NRT NRT NRT

NRT NRT

N
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A.4.6 Split Phasing 

Figure A-27 shows the split phasing sequence. If it suits the intersection geometry and U-

turn is not permitted, northbound and southbound left turn signal groups can run during A 

and B phases, respectively (e.g. aggro arrow, refer to Section A.4.8). 

Figure A-27:  Split Phasing 

 
  

N

A Phase
Intergreen

EB – L
EB – T
EB – R

NB – L
NB – T
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WB – T
WB – R
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SB – T
SB – R

B Phase
Intergreen
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A.4.7 Diamond 

Figure A-28 shows the diamond overlap phasing sequence. Depending on the demand 

three phasing sequences can occur: 

A, A1, and B: when eastbound right turn traffic flows are heavier than westbound movement 

(purple path in Figure A-28); 

A and B: when eastbound and westbound right turn traffic flows are balanced; 

A, A2, and B: when westbound right turn traffic flows are heavier than eastbound movement 

(blue path in Figure A-28). 

If U-turn is not permitted, northbound and southbound left turn signal groups may also run 

during A/A1 and A/A2 phases, respectively (e.g. aggro arrow, refer to Section A.4.8). 

Single diamond phasing sequence is when only one of the phases in the conventional 

phasing sequence (Refer to Section A.4.1) is replaced with diamond overlap and double 

diamond is when both of them are replaced with diamond overlap.  
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Figure A-28:  Diamond Overlap 
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A.4.8 Aggro Arrow 

A shared signalised left turn/through lane can be controlled by two individual signal groups 

(left turn and through movement signal groups). During a phase, only left turn signal group 

can operate, while, through movement signal group is not activated. This situation is called 

aggro arrow. Figure A-29 shows an example of aggro arrow on a T-intersection. 

Figure A-29:  Aggro arrow 

 

For example where the northbound left turn and through movements share a signalised 

lane, an aggro arrow can operate during phases when the eastbound right turn signal group 

is activated except when a U-turn is permitted. 

Aggro arrow can operate on different phase sequences, such as: 

 leading right turn;  

 lagging right turn;  

 lead-lag right turn ; 

 repeat right turn;  

 split phasing; and  

 single or double diamond.  

Northbound left turn signal group

Northbound through signal group

Eastbound movement signal group

NB Left turn vehicles

NB Through vehicles

N
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A.4.9 Yellow Trap 

Yellow trap happens when an opposed through movement of a right turn movement which 

is controlled by a circular light (filtering right turn e.g. eastbound right turn in Figure A-30) 

overlaps with the next phase. Yellow trap should be avoided in the models. 

For example in Figure A-30, filtering eastbound right turn during A phase can be a 

potentially dangerous situation during the intergreen time (Yellow Trap). When a circular 

yellow signal (during intergreen) is displayed to drivers heading east, they may attempt to 

complete a right turn as they assume the opposite direction also faces yellow light, and that 

approaching traffic will stop. However the opposite approaching traffic will not stop and this 

leads to higher crash probability. To prevent this situation westbound signal group must not 

overlap during the intergreen. 

Figure A-30:  Yellow trap 
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A.5 SCATS Linking and Offsets 

For modelling networks, in particular for existing intersections, it is important to understand 

how SCATS operates in order to replicate coordination between two or more adjacent 

intersections. Information regarding existing coordination can be extracted from Main 

Roads TrafficMap5.  

Coordination can be either relative to the start or the end of a phase. Site coordination can 

be described in two different categories: 

1. Coordination of sites within a subsystem6 (using coordinated phase plans or slaved7 

offsets), and, 

2. Coordination of sites which belong to different subsystems (either within a region or 

external to the region). 

Figure A-31 illustrates an example of SCATS coordination system. 

Figure A-31:  Example of SCATS Coordination System via offsets 

 

Currently in WA, most subsystems contain only one site for operational purposes. 

Therefore, the first type of coordination is not common in WA and it is not discussed in this 

document. Sections A.5.1 to A.5.4 describe how to determine offset settings for modelling 

purposes. 

A.5.1 Link Plans 

Link plans are used to achieve subsystem coordination. Subsystems have four link plans. 

The convention is as follows: 

 Link Plan 1: designed for light / night time traffic flow (low cycle length); 

 Link Plan 2: designed for afternoon peak. 

 Link Plan 3: designed for balanced flow between both directions 

 Link Plan 4: designed for morning peak 

                                                
5 TrafficMap data gets updated every three months. If Link and Offset Plans are not up-to-date, contact Main 
Roads. 
6 The subsystem in SCATS is the basic unit of strategic control. A subsystem comprises of one or more 
intersections which are always coordinated together and thus share a common cycle length. 
7 A site may be slaved to the demand of a phase at another (master) site. All data for slave operation is 
entered in the slave site only. 

Subsystem 1 Subsystem 2 Subsystem 3

Internal offset Internal offset

Critical site
External offset External offset

Site 1 Site 2 Site 3 Site 4 Site 5
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It must be considered that the link plans describe above do not necessarily operates during 

the specified periods. This is because the traffic volume measured by SCATS loops do not 

meet the prescribed threshold to operate those plans. Therefore, to calculate offsets for the 

base model, the link plan(s) which was used by SCATS during the modelling period, can 

be determined using the strategic monitor graph (refer to Attachment A.2). 

Link plans can be found for individual intersections on Main Roads TrafficMap (Link and 

Offset Plans tab in Signal Data spreadsheet). 

A.5.2 Coordinated Phase 

Coordinated phase plans can be used to determine the coordinated phase and its 

coordination reference point (i.e. at the start or at the end of the phase). Each site has four 

coordinated phase plans.  

Coordinated phase plans can be found for individual intersections on Main Roads 

TrafficMap (Link and Offset Plans tab in Signal Data spreadsheet). The active coordinated 

phase plan at any time is the one which has the same number as the active link plan (as 

determined in Section A.5.1) at the same time. 

Coordinated phase is defined (as a letter, e.g. A, B, C, etc.) in the coordinated phase plan 

for a site (i.e. c in a,b^c). If the coordinated phase is preceded by ^, the start of phase is 

coordinated; otherwise, the coordination point is at the end of the phase. 

For example, 0,0^A means that the coordination point is the start of the A phase. 

A.5.3 Reference Site and Phase 

A link plan, (a,bcd), includes: 

 first offset (a, which is a number); 

 second offset (b, which is a number); 

 reference phase: 

o (c, which is a letter) – when the link refers to the end of the phase 

o (^c) – when the link refers to the start of the phase. 

 reference site (d, which is site’s TCS number). 

If the link plan data is zero, the subsystem is not linked.  

A letter X after the reference site (d) means the link is external to a site from a subsystem 

in another region. 

A.5.4 Determination of Operating Offset 

Offset length is a dynamic value which is determined based on cycle length for each link 

plan.  

Cycle length plan (x,y) is used to specify the offset length, where: 

 x is the cycle length below which first offset value in the coordinated phase plan (a) is 

used; 
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 y is the cycle length above which second offset value in the coordinated phase plan 

(b) is used. 

y is always greater than or equal to x. 

Cycle length plans can be found for individual intersections on Main Roads TrafficMap (Link 

and Offset Plans tab in Signal Data spreadsheet). 

Each subsystem has four cycle length plans. The cycle length plan (which has the same 

number as the corresponding link plan as determined in Section A.5.1) should be used to 

specify the offset length. 

For modelling purposes, if fixed signal timing is being modelled, the offset length should be 

calculated based on the average cycle length for the modelling period. 

There are two offset length calculation methods used in SCATS: 

 Method one, which is the default method and is linear interpolation between the first 

offset (a) and second offset (b) for cycle lengths between x and y. 

Figure A-32:  Offset length and cycle length relationship (where a>b) 

   
 

 Method two only works when an up-arrow (^) symbol follows x (i.e. x^,y) in the cycle 

length plan. Here offset a will operate at cycle lengths below x seconds. Offset b will 

operate only when the cycle length rises to y seconds and will be maintained until the 

cycle length falls below x seconds, when offset a will operate. 

Cycle length plan of 0,0 means either first or second offset can be selected for operations. 

In this situation, SCATS phase history can be used to calculate the average offset length.  

A.5.4.1 Example of finding coordination data 

Example of finding coordination data for site 359 for 8-9 am, on 18 January 2018: 
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Step 1: Strategic monitor (Figure A-33) shows link plan 4 and therefore coordinated phase 

plan and cycle length plan 4 were active during the modelling period. 

Figure A-33:  TCS 359 Strategic Monitor 

 

Step 2: Average cycle length of 115 seconds was calculated for TCS 359 using SCATS 

history file (Refer to Section A.2).  

If the link plan is not consistent over the modelling period, the link plan which was mostly 

active around the peak period can be used. 
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Steps 3: Link, coordinated phase and cycle length plans for TCS 359 extracted from 

TrafficMap is shown in Figure A-34.  

Figure A-34:  Link and Offset Plans example 
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If LX file is available, link, coordinated phase and cycle length plans for TCS 359 can be 

found under site and subsystem sections of the file (Figure A-35). 

Figure A-35 Site and subsystem sections in LX file 

 

Site 359 data in .lx file

Intersection TCS Number

Subsystem number

Coordinated phase plans

Subsystem 4 data in .lx file

Subsystem number

Cycle length plans

Link Plans
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If coordinated phase plan 4 is active, end of D phase is coordinated for site 359 between 8-

9 am. 

If Link plan and cycle length plan 4 are active: 

 end of D phase at site 359 is coordinated to end of F phase at site 220 (TCS); and  

 offset length is: 
o equal to 22 seconds if the cycle length is less than or equal to 90 seconds, 

and 
o equal to 5 seconds if the cycle length is greater than or equal to 110 

seconds. 

Therefore, for an average of 115 seconds cycle length from 8-9 am, the offset length is 5 

seconds. This means, D phase at site 359 ends 5 seconds before the end of F phase at 

site 220. Figure A-36 shows the time coordination between the intersections.  

Figure A-36:  Coordination Example 

 

 
 

TCS 220 – F Phase  … 

TCS 359 – D Phase  …
5 seconds
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Attachment A.1. An Example of Phase Sequence Chart 

  Special Timers are specified for Pedestrian protection

Late start time is applied on Signal group 3
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Attachment A.2. Strategic Monitor 

The strategic monitor graph shows recorded split plans, link plans and cycle length8 voted by SCATS over 24 hours for a subsystem. It can be 

requested through Main Roads website for a specific day(s). 

Figure A-37:  An example of Strategic Monitor Graph 

 

                                                
8 SCATS voted cycle length may be different from operated cycle length on site, therefore, strategic monitor graph should not be used to calculate average cycle length for modelling. 
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