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1 Overview 

This document is to be used as a guide for the ideal placement and spacing of mainline motorway 
detector sites, Variable Speed Limits and Lane Control Signs (VSL/LCS), and Variable Message Signs 
(VMS), to optimise the performance of STREAMS algorithms and effectively manage the motorway 
traffic. 

It is important to note however that not every motorway scenario can be covered within this guideline 
and the placement and spacing’s suggested are for guidance only. 

This guideline will provide the opportunity to optimise traffic response in the Greenfield development. 
However higher risk exists with brownfield development that the optimised placement may be 
compromised to suit the existing constraints on condition that it satisfies the minimum operational 
requirements. 

2 Terminology 

In this document guidance is provided for the placement of Variable Speed Limit Signs (VSLS), 
however all the principles presented apply for the placement of VSL/LCS. 

The following terminology is used in this document: 

• Variable Speed Limit Sign (VSLS) is a typically pole mounted sign that displays different 
requested speed 

• Variable Speed Limit and Lane Control Sign (VSL/LCS) a typically gantry mounted sign that 
not only displays different requested speed, it also displays lane control symbols. 

• Lane Use Management Systems (LUMS) is a terminology used by STREAMS (Traffic 
management system) application to implement operators/algorithms’ requests to the VSLS 
and VSL/LCS signs. 

• Gore (nose) is "the triangular area where two roads either meet or split" (as per Austroads 
guidelines). 

3 References 

The following documents should be read in conjunction with this document and can be found on the 
departmental website: 

• Traffic Road Use Management (TRUM), Volume 1: Guide to Traffic Management: 

− Part 10: 5.7-2 - Co-location of gantry-mounted variable speed limit signs with static and 
monochrome variable message signs 

− Part 10: 5 - Electronic signs 

− Part 10: 5.7-1 - Guidelines for the permanent placement of variable speed limit and lane 
control signs for motorways, long bridges and tunnels 

− Part 9: 8.2-1 - Design guidelines for the provision of managed motorway ramp signalling 

• TRUM, Volume 4, ITS and Electrical Technology Manual: 

− Part 5: Configuration and placement of vehicle detection sensors 

• Manual of Uniform Traffic Control Devices (MUTCD), Part 4: Speed Controls 
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• Road Planning and Design Manual 2nd Edition (RPDM), Volume 5: Intelligent Transport 
Systems. 

• Traffic Control Signage (TC Signs): TC1785; TC1792; TC9060; TC1785. 

• Transport and Main Roads Specifications: 

− MRTS01 Introduction to Technical Specifications 

− MRTS201 General Equipment Requirements 

− MRTS202 Variable Message Signs 

− MRTS204 Vehicle Detectors 

− MRTS206 Provision of Variable Speed Limit and Lane Control Signs 

4 Spacing and Placement Summary 

A summary of useful spacing and placement requirements is provided in Table 4 below 

Table 4: Spacing and Placement Requirements per Listed References in Section 3. 

TRUM Reference ITS 

Volume 1, Part 10, 5.7-2 Advanced Directional Signs and VSLS 

Volume 1, Part 10, 5.7-1 VSLS Spacing, Placement 

Volume 1, Part 10, 5.7-1 VMS – VSLS Spacing 

Volume 1, Part 10, 5 VMS Spacing, Placement 

Volume 4, Part 5 Detector Spacing 

 
In addition to the detector spacing guidance provided in Table 4 above, mainline detectors should be 
placed: 

• Upstream of the entry ramp gores (separate detectors for ramp and mainline traffic) 

• Upstream of all exit ramp gores (separate detectors for ramp and mainline traffic) 

• At the end of all entry ramp merges (generally 320 m downstream of the gore for a single lane 
merge). This is primary mainline site for ramp metering control. 

• Upstream of all potential bottleneck locations where traffic flow needs to be managed – just 
upstream of lane drops, on steep upgrades, tight curves and road narrowing. 
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5 Placement Considerations 

Device placement should consider the Motorway bottlenecks, congestion, and requirements of 
STREAMS algorithms. The steps below have been identified for device placement. 

Step 1: Traffic Analysis 

Step 2: Incident Detector / VSLS Placement 

Isolated Placement Considerations 

a) Type I – Traffic Demand Surge (On-Ramp) 

b) Type II – Geometric Bottlenecks 

c) Type III – Weaving Bottlenecks 

d) Arterial Queue Spillover (Off-Ramp) 

e) Frequent Crash Locations 

f) Recovery VSLS System Placement Considerations 

g) Bidirectional Placement Conformance 

Step 3: Basic Sections 

Step 4: VMS Placement 

Step 5: CCTV Placement 

Step 6: Static Sign Placement 

Step 7: Weather Stations 

The placement process is iterative – these seven steps outline a first pass, with second and third 
passes needed to consider civil and electrical requirements, and the optimisation of placement with 
the opposite direction of travel. 

5.1 Step 1: Traffic Analysis 

Traffic analysis study should be conducted to identify the existing or future mainline bottlenecks, 
frequent crash locations, congested arterial impacts at the off-ramps, on-ramps and potential 
diversions. 

A bottleneck is defined by an upstream queue and unrestricted downstream flow. Bottleneck traffic 
has three main characteristics – flow drop, queue discharge and pre-queue transition. 

• Flow discharge averages 10% lower than flows measured prior to the queue formation. 

• Queue discharge flows seldom deviate from the mean rate by more than five percent – and 
change gradually over time. 

• Pre-Queue transition periods prior to breakdown range from 3 to 32 minutes. 

It is suggested that existing bottlenecks may also be identified by reviewing CCTV footage or travel 
time data. 
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A Motorway bottleneck can be classified as: 

• Type I - Traffic Demand Surges (i.e. on-ramp)  

• Type II - Geometric bottlenecks (i.e. mainline lane drop, steep gradient, sharp curve) 

• Type III - Weaving sections (i.e. on and off-ramp closely spaced in combination with weaving 
demand) 

Congestion can also arise where arterial queues back onto the motorway from the off-ramp/arterial 
intersection queues. Although this is an arterial queue, the queue impacts should also be managed on 
the mainline and on the arterial. 

Lastly, it is important to review motorway crashes and incident history. This history can identify areas 
where unplanned incidents are likely to or frequently occur. 

 

It is understandable that more information exists for the existing facilities (brown field project) 
however it is expected some desktop analysis will be conducted to identify the potential of the 
bottleneck at the design stage of the project for the new facilities (green field project). The typical 
bottleneck conditions have been explained briefly in this document. 

 
5.2 Step 2: Incident Detector / VSLS Placement 

STREAMS algorithms are reliant on detector site measures of speed, occupancy and volume. The 
effectiveness of the algorithms relies on the placement of the detectors. The STREAMS functions and 
associated algorithms are: 

Type Label Algorithms Mainline Detector Needs 

Speed and Lane Use 
Management VSL/LCS NA - Manual NA 

Speed Management VSLS High Flow (HF) Detector downstream of on-ramp or 
lane-drop taper 

Speed Management VSLS *QD/QP Crash Detector site before bottleneck fronts 

Speed Management VSLS *QD/QP 
Congestion Detector site before bottleneck fronts 

Ramp Management RS Hero Detector site downstream of on-ramp 
taper 

Travel Time Information E/VMS Travel Time Frequent detector sites require 
between off-ramps 

*QD/QP- Queue Detection/Queue Protection 
 
The speeds displayed on the VSLS are based on downstream detector data, where possible, the 
detectors should not be placed in high frequency lane-changing areas. This usually results in data 
abnormalities which will regularly impact on the performance of the VSLS algorithms; however it is 
acknowledged that this is not always avoidable. 

The VSLS and detector placement has been defined based on the motorway bottlenecks and 
geometry, as described in the subsequent sections. On- and off-ramp detectors are not illustrated, 
however, are required. 
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5.2.1 Isolated Placement / Speed Control Considerations 

This placement guideline provides an overview of the ITS placement requirements for the STREAMS 
suite of LUMS algorithms. 

These algorithms (including HF, QD & QP) are reliant on the detector site measures of speed, 
occupancy and volume to recommended speed reductions to VSLS signs. When considering the 
placement of motorway detector and VSLS sites, it is recommended that the following steps are 
followed: 

a) Mark known bottleneck locations on the motorway drawings/plan/schematic. Identification of 
bottlenecks is discussed in Section 4. Consideration should be given to motorway conditions 
after ramp signalling is operating. 

b) From each bottleneck front, detector sites are placed upstream of the bottleneck in the optimal 
locations to gather the data STREAMS algorithms require: 

i. Optimal locations consider a reduced time to detect through minimal spatial separation in 
addition to high detector data quality by positioning in low weave areas. Tolerance has 
been provided for detector placement to allow design flexibility. 

c) Once optimal detector site locations have been determined, VSLS are placed in ideal 
locations or conformance bands, to achieve optimal speed control: 

i. A conformance band in the context of this document refers to an area in which the VSLS 
can be placed to achieve control, that is, not an exact location. 

ii. The conformance band may also be adopted for detector placement, in addition to VSLS 
placement to determine how detector sites and VSLS placement relate to one another by 
cross analysis. 

d) Finally, it is important to reset the motorway speed limit downstream of the known bottleneck 
by placing a VSLS which will display the default speed limit. This is termed the recovery VSLS 
and is used to improve compliance. 

In summary, it is good practice to work outwards from known bottlenecks, leaving placement around 
the basic motorway sections to the end. This ensures the areas for VSLS provide benefits to achieve 
the best possible level of control. 

5.2.1.1 Type I: Traffic Demand Surge (On-Ramp) 

Figure 5.2.1.1a - On-Ramp with Parallel or Taper Merge 

VSLS(n)D2 D1

<50m

0-25m

Direction of Flow 300m +

VSLS(n-1)

min 350m 

C
onform

ance 
B

and

xx

C
onform

ance B
and

xx

 

Please note that the VSLS depicted can represent the location of pole mounted VSLS, or gantry mounted 
VSL/LCS. The graphic illustrated has been simplified to a dynamic sign for illustration only. The XX within the red 
annulus simply represents a variable display. 
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D1- detector data used for ramp signalling (flow discharge data) and high flow algorithm. 

D2- detector data used for LUMS queue detection – located at or immediately upstream of gore. 

VSLS (n) - referred to as the recovery VSLS and shall be fed with data from a downstream detector 
(not illustrated). As no congestion is expected downstream of the bottleneck front, STREAMS shall 
send a recommendation to the recovery VSLS that will allow motorists to increase their speeds. The 
distance from the end of taper shall be as per Volume 1, Guide to Traffic Management – Supplements 
requirement. The placement of this VSLS should consider when it is best to reset the speed, taking 
into consideration driver compliance with the speed. 

VSLS (n-1) - referred to as the control sign. The distance from the downstream detector is based on 
the time in which the queue takes to propagate through the upstream signs. STREAMS changes the 
speed on the minute, and based on a conservative upstream queue propagation of 300 m/min, a 
minimum of 300 metres is required. 

 

300 metres is accepted as a conservative speed of queue growth which is used as the initial queue 
speed after incident or queue detection and prior to algorithm calculating queue speed from 
collected data. 

If there is no flow data, or the queue has been detected in one detector site, the initial queue speed 
will be used. Once flow data is available, the predicted method is used. If no flow data is available 
and a queue has been detected at more than one detector site, the observed method is used. 

 
Note that the 300 m minimum distance is based upon a conservative queue propagation speed of 
300 m/min. If, by way of traffic analysis, the typical queue propagation speed is found to be or 
predicted to be greater than 300 m/min, this minimum distance should be increased (e.g. 
500 m/min→500 m). 

Figure 5.2.1.1b - On-Ramp Lane-Add 

D2 D1 VSLS (n)VSLS (n-1)

<50m300m +

C
onform
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C
onform

ance B
and

0-25m

xx

xx

 

D1- Detector data used for ramp signalling algorithm (flow discharge data), the distance should be 
based on the merge design. From the ramp-signal stop bar to the begin-of-taper, the minimum design 
distance is 320 metres. From the hard gore to the begin of taper there should be a minimum of 8 
seconds of travel at mainline operating speed, plus a 100 m taper (345 m at 110 km/hr and 275 m for 
80 km/hr). 

D2- Detector data used for LUMS queue detection. 

VSLS (n) - referred to as the recovery VSLS and shall be fed with data from a downstream detector 
(not illustrated). Per TRUM Volume 1: Guide to Traffic Management, Part 10, 5.7-1, the distance from 
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the “assumed” end of taper to the VSLS is between 200 and 400 m. The placement of this VSLS 
should consider when it is best to reset the speed, taking into consideration driver compliance with the 
speed. 

VSLS (n-1) - referred to as the control VSLS. The distance from the downstream detector is based on 
the time in which the queue takes to propagate through the VSLS. STREAMS changes the speed on 
the minute, and based on a conservative upstream queue propagation of 300 m/min, a minimum of 
300 metres is required. 

5.2.1.2 Type II: Geometric Bottlenecks 

Figure 5.2.1.2 - Mainline Lane Drop OR Mainline Lane Drop Downstream of an Off-Ramp 

VSLS (n)D2 D1

<100m

0-25m

Direction of Flow 300m +

VSLS (n-1)

min 350m 
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onform
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and
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onform
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and

xx xx

 
D1- Detector data used for high flow trigger. 

D2- Detector data used for LUMS queue detection. 

VSLS (n) - referred to as the recovery VSLS. This VSLS is fed data from a downstream detector (not 
illustrated). As no congestion is expected downstream of the bottleneck front, STREAMS shall send a 
recommendation to the recovery VSLS that will allow motorists to increase their speeds. The 
placement of this VSLS should consider when it is best to reset the speed, taking into consideration 
driver compliance with the speed. 

VSLS (n-1) - referred to as the control VSLS. The distance from the downstream detector is based on 
the time in which the queue takes to propagate through the VSLS. STREAMS changes the speed on 
the minute, and based on a conservative upstream queue propagation of 300 m/min, a minimum of 
300 metres is required. 

Steep Gradients 

A steep gradient section of the motorway can cause some motorists to slow. If a detector is placed on 
the steep gradient where vehicles speeds are reduced there is a risk that a LUMS algorithm may be 
prematurely triggered. Therefore, the detectors should be placed a short distance upstream and 
downstream of the gradient section; the upstream detector is placed for queue management and the 
downstream detector to detect recovery conditions. 

Sharp Curves 

A section of the motorway that has a sharp curve may cause some motorists to slow. This may be 
exaggerated when advisory sign displays a speed significantly lower than the default i.e. 70 km/hr in a 
110 km/hr zone. As the LUMS algorithms are designed based on default motorway speed limit a 
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detector is placed within the curve may prematurely trigger LUMS algorithms. It is therefore important 
that the detector sites be placed upstream of the curve. 

5.2.1.3 Type III: Weaving Bottlenecks 

There are two types of Weaving Bottlenecks, one of which is illustrated below. The general approach 
to the ITS placement in both of these bottlenecks are essentially the same. However for ramp 
signalling, the distance from the hard gore to the detector changes depending on which situation is 
present. The following figure is an example of an add lane weaving type bottleneck. The distance from 
the hard gore to D3 (ramp signalling detector) is 250-350 m. However if this on-ramp did not result in 
an add lane, this distance would be 25 m as per Type I On-Ramp with Parallel or Taper Merge. 

Figure 5.2.1.3 – Typical Weaving Bottleneck 

 

D1D2

Direction of Flow

250-350m

VSLS (n-1) VSLS (n)
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VSLS (n-2)

xx xx

<50m300m +
min 350m <50m

 

D1- Detector data used for LUMS queue detection. 

D2- Detector data used for ramp signalling algorithm (flow discharge data). The distance should be 
based on the merge design. From the ramp-signal stop bar to the start-of-taper, the minimum design 
distance is 320 metres. From the hard gore to the begin of taper there should be a minimum of 
8 seconds of travel at mainline operating speed,  plus a 100 m taper (345 m at 110 km/hr and 275 m 
for 80 km/hr). 

D3 - Detector data used for LUMS queue detection (See On-Ramp Placement). 

VSLS (n) – recovery VSLS. 

VSLS (n-1) - on-ramp recovery or off-ramp control VSLS. VSLS (n-2) – on-ramp control VSLS. 

5.2.1.4 Arterial Queue Spillover (Off-Ramp) 

Figure 5.2.1.4 – Off Ramp Queue Spillover 

D2

0-50mDirection of Flow min 300m
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D2- Detector data used for LUMS queue detection – located at or immediately upstream of gore. 
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VSLS (n) - referred to as the recovery VSLS. This VSLS is fed data from a downstream detector (not 
illustrated), downstream of the queue spillover. As no congestion is expected downstream of the 
bottleneck front, STREAMS shall send a recommendation to the recovery VSLS that will allow 
motorists to increase their speeds. The placement of this VSLS should consider when it is best to 
reset the speed, taking into consideration driver compliance with the speed. 

VSLS (n-1) - referred to as the control VSLS. The distance from the downstream detector is based on 
the time in which the queue takes to propagate through the VSLS. STREAMS changes the speed on 
the minute, and based on a conservative upstream queue propagation of 300 m/min, a minimum of 
300 metres is required. 

5.2.1.5 Frequent Crash Locations 

Where a section of the motorway is highly prone to unplanned traffic incidents such as crashes or 
broken down vehicles, a detector placement similar to the Queue Detection Algorithm requirements is 
advised. 

• A mainline detector placed 50-150 m upstream of the known incident area. 

• A VSLS should be placed approximately 300 m upstream of the detector placed for queue 
detection. 

5.2.2 Recovery VSLS 

Where the recovery VSLS is located downstream from the end of On-Ramp, there may be physical 
constraints where the TRUM minimum or maximum distances cannot be met. Consideration is 
outlined below: 

• > Maximum – (> 400 m from end of taper) Non-conformance is acceptable provided the 
design attempts to minimise the distance between the upstream and recovery VSLS. For 
example, it is undesirable when there is a long on-ramp and the distance between the 
upstream and recovery VSLS become excessive (up to 1 km). 

• < Minimum – (< 200 m from end of taper) Non-conformance is acceptable if the legibility 
distance of the downstream VSLS is achieved at or after the end-of-taper. This is intended to 
limit driver distraction and speed differentials within the merge area. For example, the 
minimum legibility distances for a TC1792_2 size C at 4.0 metres high is 170 (at 80 km/h) and 
220 meters (at 110 km/h). 

5.2.3 System Placement Considerations 

The placement of the devices is more complicated when considering both directions and the 
opportunities to place full width gantries. As illustrated below, directional and full-width gantry 
“conformance areas” can be constructed along the motorway, as was previously discussed in this 
document. Within the interchange example, full-width gantries may not be possible between the on- 
and off-ramps, and split gantries are desirable to support bottleneck control. 
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Figure 5.2.3 – Device Placement Consideration 

 
 

The purpose of the conformance area for VSLS is to highlight the opportunities for designing the full 
width gantries for both directions of road in order to reduce the capital cost of the projects. 

 
When placing the devices there are several key design principles, as indicated below. 

Key Design Principles Comment 

One detector per VSLS Verification. 

One detector at key bottlenecks Quick verification of incident. 

Adequate space between VSLS and Detectors 
Maximise potential to verify incident and change 
speed prior to propagation of queue to upstream 
VSLS. 

Minimise distance between VSLS: 
• distance from the off-ramp to the downstream 

recovery VSLS;  
• distance from the on-ramp end-of-taper to 

downstream recovery VSLS 

Minimise non-compliance due to excessive 
speed reduction or display of Lane Use control 
symbols, and improve operational flexibility. 

 
In addition to the Key Design Principles above, there are three steps to determine the placement of 
devices. 

1. Carry out an isolated ITS (VSLS) placement pass on each direction and draw in conformance 
bands for algorithm/control needs. 

2. Where conformance bands in each direction overlap, a full width gantry will be suitable to 
reduce installation/project costs. 

3. Designers may shift directional bands to meet the full width placement; however designers 
must always consider how this may impact control. 

Two examples are: 

a. Decreases VSLS to detector spacing - This will reduce the potential to verify incident and 
change speed prior to propagation of traffic into upstream  VSLS as the device is too 
close to the detector. 

350 min

200 min
400 max

350 min

350 min

200 min
400 max

350 min

Full Width Full Width Split Gantries 
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b. Increase distance to recovery VSLS after bottleneck - This will increase noncompliance 
from excessive speed reductions or lane closures as the VSLS is too far away from the 
bottleneck. 

5.2.4 Closely Spaced Off to On, Off to Off, or On to On Ramps  

Figure 5.2.4a – Typical Configuration for Closely Spaced Ramps 

D2 D1

0 - 50m

0-25m

Direction of Flow

VSLS (n)

C
onform

ance 
B

and

xx xx

VSLS (n-1)

 
The distance between off ramp and on ramp combinations can vary considerably, as per RPDM the 
minimum distance is 150 metres. Under these conditions, it may be difficult to place the ideal 
instrumentation between the off and on-ramps. The on-ramp merge speeds can be controlled via a 
VSLS (n-1) located upstream of the off-ramp. If desirable, a VSLS (n-1) could be placed between the 
off and on-ramp, but from an operational perspective the upstream or off-ramp VSLS (n-1) should also 
be associated to the mainline detector immediately upstream of the on-ramp gore. If a queue forms at 
the merge, the upstream VSLS (n-1) will react in unison, with a high-likelihood that the queue will pass 
through the first VSLS (n-1) prior to a change in speed. Refer to below example. 

Figure 5.2.4b(i) – VSLS placement between the off and on-ramp (Time Interval 1) queue 
detected at on-ramp merge growing at 300 m/min 

D2

250mDirection of Flow

QUEUE

xx xx

VSLS (n)VSLS (n-1)  

Time Interval 1: Queue detected at on-ramp merge growing at 300 m/min 
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Figure 5.2.4b(ii) – VSLS placement between the off and on-ramp (Time Interval 2) queue 
extended past VSLS (n-1) without any reduction in speed 

D2

250mDirection of Flow

QUEUE

xx xx

VSLS (n)VSLS (n-1)  

After 1 minute: Queue extended past VSLS (n-1) without any reduction in speed 
 
5.3 Other placement considerations 

5.3.1 First gantry placement for lane control 

It is desirable to place the first gantry (for lane control) upstream of an off-ramp to increase operational 
control. During a full closure, drivers have the ability to exit the facility. 

5.3.2 Parallel (same direction) carriageway – major diverge 

Consideration must be given for the placement of gantry mounted VSLS on parallel 
carriageways/facilities in the same direction. This placement is supported where the carriageways are 
physically separated facilities (not the same gazetted roadway), either by a painted or hard gore at the 
location the gantry is mounted, therefore, clearly depicting that the varying speeds displayed relate to 
different carriageways. 

In the Figure below, it shows the main line diverges into two separate carriageways. The left 
carriageway is displaying a speed of XX km and the other is YY km and both speeds are visible to the 
motorist approaching the diverge. 

Figure 5.3.2 – Parallel Carriageway Diverge 

 

⟹
 

⟹
 

⟹
 

YYXX

⟹
 

XX YY
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5.4 Step 3: Basic Sections  

Figure 5.4 - Basic Section Example 
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Greater device separation should be considered, per the guidelines, on “basic” Motorway sections.  
These repeater devices are needed to track a moving queue and travel time prediction. 

Detector Spacing: Refer to TRUM Volume 4: ITS and Electrical Technology Manual, Part 5 

VSLS / Spacing: Refer to TRUM Volume 1: Guide to Traffic Management, Part 10, 5.7-1. 

Appendix A demonstrates the design process for the placement of detectors and VSLS following the 
steps explained in this document. 

5.5 Step 4: VMS Placement 

By following the above steps, the strategic locations of the detectors and the VSLS are defined. The 
guidelines mentioned above provides flexibility for placement of the VMS; refer to Table 4 for 
publications that provide specific guidance on the placement and spacing of VMS. 

5.6 Step 5: CCTV Placement 

The provision of CCTV cameras shall comply with the requirement of TRUM Volume 1: Guide to 
Traffic Management, Part 9, 8.2-1, MRTS225 Imaging and EP147 Road Closure Policy for Wet 
Weather and Flooding departmental policy. 

The following functional outcomes to the Principal’s traffic management operators should be provided 
by the CCTV coverage: 

• Bottlenecks, weave and merge locations as has been identified within the traffic study. 

• Verification of the display of each dynamic message sign (for example, VMS, CMS, VSLS, 
LCS, VSL/LCS, ramp signalling system and other departmental display devices). 

• Monitoring and control of the imaging equipment from the Principal’s Traffic Management 
Centre (TMC) and/or other nominated location(s). 

• Monitoring of each help phone/point as required. 

• Monitoring of departmental infrastructure (including, but not limited to cabinets, switch/node). 

• Monitor operation of the Principal’s Heavy Vehicle Management System, including security at 
the associated interception sites, and  

• Any other project-specific requirements defined by the ITS functional design. 
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5.7 Step 7: Weather Stations 

On a motorway, it is typical that 1-2 weather detectors will be installed on every 20 km of motorway. 
This may vary depending on the weather conditions frequently experienced in the local area. 

Therefore generally, it is necessary that each weather detector will need to influence the speeds on a 
number of VSLS. All signs within the zone will use the information from that weather detector. 

The zone of influence from different weather detectors may overlap especially where multiple 
detectors that measure different weather conditions are present. For example, where a wind detector 
is installed at one chainage point and a rain detector is installed at another location, these weather 
detectors may both separately influence the speeds at a number of VSLS. 

Figure 5.7 – Weather Station – Zone of Influence 
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6 Rural Placement Considerations 

In a rural environment, cost saving can be sought by considering the operational and geometry needs. 
Alternative devices can be considered to achieve the same outcome. 

For a two lane urban motorway environment, the following VSLS arrangement would be considered. A 
buffer VSLS, a control VSLS prior to a problem area and then a recovery VSLS. 

Figure 6a – Rural Placement Consideration – Recovery VSLS 
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In a rural environment where there is steep decline with good sight distance and low volume, a buffer 
VSLS may not be required. It may be more effective to replace the control VSLS with a VMS or CMS 
to advise motorist of a change in traffic condition and to reduce speed. The recovery VSLS can also 
be replaced with a static sign. 

Figure 6b – Rural Placement Consideration – Recovery Static Sign 
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Appendix A: Example Placement Process 

This example will only consider the placement of mainline detectors and VSLS. Other infrastructure such as Static Signage, CCTV, and Weather 
Stations and so on will not be included. The following examples are to demonstrate the process only. 

In the following steps, each bottleneck should be considered in isolation as well as the placement of each type of ITS. However there may be a few scenarios 
where the placement of ITS may need to consider other ITS infrastructure. Consequently, the consideration of bottlenecks in isolation and the placement of 
ITS in isolation is not a strict rule that must always be adhered to as it is expected to provide the most benefit. 

Physical Description: 

The physical description provides the relevant information for the most basic of ITS placement considerations. That is, the physical description describes the 
number of lanes, geometry (off and on ramps), distances etc. It is assumed that the section is from the beginning of the motorway and that there is no physical 
restraints on the placement of ITS upstream from the first off-ramp. 

 

Step 1 - Mark Known Bottlenecks: 

Step 1 is to identify all known bottlenecks and mark these on the schematic. This draws attention to the "problem" areas and allow the designer to place ITS in 
the positions most suited to treating these focus areas. This step may be more complicated over larger distances, with different geometries etc. For the 
purposes of this exercise, Queue Spillover, Type I and Type III bottlenecks will be considered. 
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Step 2 - Place Detectors in optimal location: 

Step 2 is to place all detectors in the optimal location. Optimal locations consider a reduced time to detect through minimal spatial separation in addition to 
high quality detector data by positioning in low weave areas. The optimal location for each detector should be determined for each bottleneck front in isolation. 
In other words, optimal detector location refers to the most appropriate location to place the detector in order to collect information from each bottleneck. 

Working from each bottleneck front, place detectors upstream from the bottlenecks in the optimal locations. Consider each bottleneck in isolation. Detector 
conformance areas can also be added at this step as shown within the green conformance areas. 

 

 
 
Off-Ramp 1: 

Considering On-Ramp 1 in isolation, the optimal detector placement is carried out as per Section 5.2.1.4. The upstream detector placement distances is 
similar in nature to Off-Ramp 1 (quick queue confirmation).The downstream detector (at 25 m) is placed for ramp signalling and high flow requirements and 
must be placed at 25m with no conformance area given. This may not always be the case, as the conformance area would depend on the geometry of the on-
ramp etc. If a conformance area exists for other situations, it should be indicated also. The upstream detector sites conformance areas are as per 
Section 5.2.1.1 

Off-Ramp 2: 

Off-Ramp 2's optimal detector placement is as per Section 5.2.1.3. However in the example shown in the ITS placement guidelines, the detector's for this type 
of bottleneck are usually placed in the direction of travel through the weave. However, as the example in the Guidelines is for the scenario where the upstream 
on-ramp becomes an add lane, this example was done in the opposite manner. The distance has not specified between the last downstream detector D2 and 
the off-ramp in a weave section. As the guideline states, the detector should not be placed within a high weave zone to avoid the data abnormalities 
associated with weaving. Therefore distance is shown as "??", as this distance is not known yet. It will be shown later that this distance becomes obvious as 
this process is followed. Considering the detector that is required for ramp signalling upstream, as the On-Ramp does not result in an added lane, the optimal 
location for the ramp signalling detector for the final bottleneck is the same as for the Type 1 bottleneck, which has already been placed. 
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Place VSLS in optimal location (Control) 

This step is to place the VSLS in their optimal location. As per Section 5.2.1, VSLS should be placed in the position to achieve optimal control. The optimal 
VSLS location should be first determined in isolation for each bottleneck front. 

Again, working from each bottleneck front place VSLS in the optimal location. Each bottleneck has been considered in isolation. Include VSLS conformance 
areas in this step. 

 

 
 
Off-Ramp 1: 

For the Arterial Queue Spillover bottleneck, the VSLS was placed at the minimum distance from the off-ramp. This was to achieve more control over the off-
ramp. However this VSLS can be pushed further upstream if necessary. In this situation if the designer wishes to place the VSLS further upstream from the 
off-ramp, the designer should consider the distance over which a speed reduction may be in place and consider the level of compliance associated with that 
placement. 

On-Ramp 1: 

Considering the On-Ramp 1 in isolation, the optimal VSLS location would be at the minimum of 300 m upstream of the detector to achieve the most control 
over the on-ramp. This is why the VSLS was placed upstream of the on-ramp at 350 m. Note again that the separation of VSLS with detectors is not being 
considered yet in this step. 

Off-Ramp 2: 

Control VSLS for Off-Ramp 2, given that the length of the weave may vary greatly, the VSLS is placed at the minimum of 350 m to give the most control 
possible in the weave. This is assuming high volumes for the on and off ramps in the weave section. 
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Place Reset Downstream VSLS (Recovery) 

Determine the ideal location to reset the downstream speed limit. Again including conformance areas where appropriate. As before, each 
bottleneck has been considered in isolation. 

 

 
 
Off-Ramp 1: 

The Recovery VSLS for Off-Ramp 1 was placed as close as possible to the off ramp this is so that the speed limit can be reset as quickly as possible after the 
off-ramp. However the VSLS can be placed further downstream if necessary, but consideration should be given to driver compliance (hence the non-
dimensional conformance area). 

On-Ramp 1: 

This recovery VSLS was placed as per Section 5.2.1.1 and was placed at its minimum distance to ensure the speed could be reset as quickly as possible. The 
conformance area is also as per Section 5.2.1.1. 

Off-Ramp 2: 

As per Off-Ramp 1 
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First Pass Final VSLS and Detectors Placement: 

Using the information found in Step 2, collate and determine final VSLS and Detectors placement (1st Pass). Consider the placement of VSLS and 
Detectors from nearby bottlenecks. 

 
 
Considering the optimal placements of all the ITS, analyse each bottlenecks optimal ITS placement and position accordingly with the other bottlenecks ITS 
infrastructure. 

Analysis of the first bottleneck shows that the Control VSLS (VSL6) needs to be separated from the detector (D7) by 300 m. As the detector (D7) optimal 
placement is at 50 m from the taper of the off-ramp, the VSL6 must be placed at 350 m to achieve the 300 m VSLS - Detector separation. The downstream 
recovery VSLS (VSL5) is acceptable at its optimal placement, 200 m immediately downstream of Off-Ramp 1. 

Consider the second bottleneck (Type 1) at On-Ramp 1. Detectors D4 is placed in its optimal location. However as before the Control VSLS (VSL3) needs to 
be separated from D4 by 300 m. It therefore needs to be moved to at least 350 m from the gore of On-Ramp 1 to achieve this. However, note that if VSL3 is 
placed at 350 m from the gore, the separation of VSL3 and VSL5 would be. 1050 m, breaking the maximum VSLS spacing as per TRUM requirement. 
Therefore, placing VSL4 upstream of VSL3 by 500 m achieves the maximum VSLS spacing rule. The placement of D3 for ramp signalling is set to 50 m 
(requirement for ramp signalling). 

The recovery VSLS (VSL2) for On-Ramp 1 can be ideally placed to meet the requirements as a recovery VSLS for the Type 1 bottleneck as well as the control 
VSLS for the Type III bottleneck and was placed at 200 m from the end of taper of On-Ramp 1. From this and based on Section 5.2.1.3, a minimum of 300 m 
between VSL2 and D2 is required and was implemented. The known distance between On-Ramp 1 and Off-Ramp 2, determined the distance ("??") between 
D2 and Off-Ramp 2 start of taper to be 50 m. The results of the traffic analysis and the designer would determine if this is acceptable. 

VSL1 was placed in its optimal location, immediately after Off-Ramp 2. 
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A review at this stage of the first pass indicates that one more detectors are required. These detector are D5 and D1. These are required to feed VSL4 and 
VSL1 respectively. D5 was positioned 200 m upstream of VSL3 and, D1 was placed at 350 m downstream of VSL1.However these detectors are the minimum 
required as it is highly desirable to have more than one detector placed in these sections for redundancy purposes. 

Second Pass Final VSLS and Detectors Placement: 

Analyse the first pass on the final VSLS and Detectors placement and determine if VSLS and Detectors can be shifted slightly to achieve better 
results. In this case, the VSLS and Detectors between Off-Ramp 1 and On-Ramp 1 was able to be optimised. 

 

 
 
In the second pass, the VSLS and Detectors placement can be optimised. In this example, the VSLS and Detectors placement between Off-Ramp 1 and On-
Ramp 1 can be improved. It is desirable to reduce the distance between VSL4 and VSL3 from the maximum separation. It is also desirable to move VSL3 
downstream as much as possible to achieve more control over the second bottleneck at On-Ramp 1. Reducing the distance to 350 m is the most VSL3 can be 
moved downstream. Following this, shifting VSL4 downstream 550 m gives a VSLS separation between 400 m – 600 m. 
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