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1 Executive Summary 

Ensuring track worker safety is a critically important factor for rail asset owners 

and operators to consider. With the application of appropriate systems and 

technologies, track workers can be protected from potential errors that can lead to 

harm and in worst cases, fatality incidents on the tracks or other worksites. 

Section four of this report explores the current state of safety in the rail sector and 

the importance of tasks performed by track workers for rail networks. Sections 

five and six of this report explore some of the systems and technologies that have 

been implemented into the rail sector to improve track worker safety as well as 

other worker safety innovations from related industries.  

The report separates track worker safety systems and technologies into five 

typologies. These are;  

1. Sensors and worksite installed devices which give warnings to track 

workers 

2. Sensors and train installed devices which give warnings to train crew 

3. Infrastructure systems and devices that prevent trains from entering 

worksites automatically  

4. Sensor system integration with targeted alerts to workers and operators 

5. Systems and methods that remove the need for workers on the tracks to 

complete work 

For each of these typologies a range of options have been identified and 

summarised through the exploration of literature.  

The report concludes that many system and technology options for improving 

track worker safety are mature and viable. The implementation of such systems 

and technologies would have positive impacts on the safety of track workers in 

Australasia. These options as well as others will be further explored and presented 

in an interactive research report. Later stages of this project will involve an 

engagement survey and workshops to gather insights and leverage the expertise of 

stakeholders. The findings from these engagements will inform the development 

of the research report.  
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2 Introduction  

Arup has been engaged by ACRI to complete a research project to consider the 

current understanding of what track worker safety (TWS) technologies are 

currently available and their state of deployment in Australasia and 

internationally. This study is sponsored by ONRSR and RISSB with the key 

objective to explore and identify current and emerging technology options for 

ensuring TWS within Australasian rail networks. It is anticipated that 

understanding the applicability, feasibility and importance of such TWS 

technology options will enable the sector to integrate these technologies and 

approaches into current rail infrastructure across the region. A global review has 

looked at emerging trends and international exemplars to start to develop a 

collection of materials that will inform a survey, engagement workshops, options 

table and interactive report. 

This report is a literature review that summarises the identified key resources that 

are relevant to the topic of TWS in the rail sector. The report is broken down into 

sections that explore the literature and examples of identified options to set a 

baseline of knowledge and understanding that will be used in later stages of the 

project. The horizon scan Arup conducted explores TWS options, as well as other 

safety systems available in other industries. These other options are considered 

secondary focuses for this literature review with purposely designed TWS systems 

prioritised for in-depth exploration. 
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3 Research Methodology 

3.1 Literature Sources 

The following online resources were used when conducting this literature review 

and horizon scan: 

Research Gate - https://www.researchgate.net/ 

Research Gate is a well-established and reputable social network for scientists and 

researchers to share papers, ask and answer questions and find collaborators. 

 

Science Direct - https://www.sciencedirect.com/  

From foundational science to new and novel research, this is a large collection of 

Physical Sciences and Engineering publications, covering a range of disciplines, 

from the theoretical to the applied. 

 

Google Scholar - https://scholar.google.com.au/  

Google Scholar provides a simple way to broadly search for scholarly literature. 

From one place, you can search across many disciplines and sources: articles, 

theses, books, abstracts and court opinions, from academic publishers, 

professional societies, online repositories, universities and other web sites. 

 

TRID  - https://trid.trb.org  

TRID is an integrated database that combines the records from the Transportation 

Research Board’s (TRB's) Transportation Research Information Services (TRIS) 

Database and the OECD's Joint Transport Research Centre's International 

Transport Research Documentation (ITRD) Database. 

 

Informit  - https://search.informit.com.au  

The Informit Engineering Collection covers a range of subjects within an 

engineering context including civil engineering, mining, environmental 

engineering, road and rail, and municipal engineering. This full-text collection 

contains journals, conference proceedings and reports from 1973 to the present. 

 

Rail Safe - https://railsafe.org.au/ 

A NSW online database of rail safety resources including regulations, standards, 

procedures, publications, forms as well as other resources that are shared across 

the industry.  

 

Rail Knowledge Bank - http://railknowledgebank.com/Presto/home/home.aspx 

The Rail Knowledge Bank is a curated Australasian database of rail related 

reports, conference papers, articles, journals and research studies.  

 

ACRI and additional project stakeholders 

ACRI as well as additional project stakeholders have submitted literature and 

other resources to be included in this review.  

 

 

 

https://www.researchgate.net/
https://www.sciencedirect.com/
https://scholar.google.com.au/
https://trid.trb.org/
https://search.informit.com.au/
https://railsafe.org.au/
http://railknowledgebank.com/Presto/home/home.aspx
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3.2 Search Terms  

The following search terms were used with the above online resources when 

conducting this literature review and horizon scan. Combinations of these terms as 

well as variations of these terms were used in the searches. The first round of 

searching was done on 4/6/20 and a second round was done on 29/6/20: 

¶ Track worker safety 

¶ Safety 

¶ Accident prevention 

¶ Active 

¶ Passive 

¶ Automated 

¶ Technologies 

¶ Unmanned 

¶ Innovations 

¶ Systems 

¶ Rail track/line/road/way/corridor 

¶ OH&S/WH&S 

¶ Protection 

3.3 Source Selection Criteria  

The following criteria were used when selecting literature to include in this review 

and scan: 

¶ We prioritised the selection of research that had been published within the 

last five years. This was expanded when necessary to capture other 

relevant sources. 

¶ Any research that was heavily reliant on opinions was filtered out of the 

selected resources. 

¶ Any research that was poorly referenced was filtered out of the selected 

resources. 

¶ Only authoritative sources such as academic papers, peer-reviewed 

journals, industry experts, conference papers, rail operator policy and 

procedure documentation and vendor product information documents were 

included in the selected resources. 
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3.4 Abbreviations  

The following list of abbreviations have been used throughout this report: 

ACRI – Australian Centre for Rail Innovation 

ASB – Absolute Signal Blocking  

ARA – Australian Railway Association  

ARTC – Australian Rail Track Cooperation  

ATMS – Advanced Train Management System  

ATSB – Australian Transport Safety Bureau 

ATWS – Automatic Train Warning System 

CRC – Cooperative Research Centre 

ERTMS – European Railway Traffic Management System 

ESML - Emergency Switch Machine Lock 

FY – Financial Year 

GSM-R - Global System for Mobile Communications – Railway 

LED – Light Emitting Diode  

MARTA – Metropolitan Atlanta Rapid Transit Authority 

NSW – New South Whales  

OECD – Organisation for Economic Co-operation and Development  

ONRSR – Office of the National Rail Safety Regulator 

PAD – Personal Alert Device 

PPD – Personal Proximity Detection 

PTA WA – Public Transport Authority Western Australia  

QLD – Queensland  

RISSB – Rail Industry Safety and Standards Board 

TfNSW – Transport for New South Whales  

TRB – Transport Research Board 

TRIS – Transport Research Information Service 

TWS – Track Worker Safety 

UAS – Unmanned Aerial System 

UAV – Unmanned Aerial Vehicle  
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4 Safety in the Rail Industry 

Worker safety is considered a critical issue across all industries. Fatalities in the 

workplace are the worst-case scenario, but in some industries, this threat is more 

common than others. Safe Work Australia recorded that of the 144 workplace 

deaths in Australia in 2018, 51 of these were machinery operators and drivers. 

Technicians, which includes trades workers and labourers (the group that would 

include track workers as well as other professions) accounted for 27 of these 

fatalities.1 

By sector, transport is one of the highest in the proportion of fatalities of workers. 

Figure 1 shows transport, postal, and warehousing accounted for over 25% of 

worker fatalities in 2018 and has the second-highest five-year average behind 

agriculture, forestry and fishing.  

                                                 
1 Safe Work Australia. 2020. Fatality statistics by occupation. [Online] Available at: 

https://bit.ly/2C0ce8l 

https://bit.ly/2C0ce8l
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Figure 1 – Worker fatalities: proportion by industry for 2018 and 5-year average (2014-

2018)2 

Track workers in the transport sector make up a smaller portion of this figure 

compared to workers who operate road vehicles. However, the sector does have 

occurrences of fatality that could be prevented with the implementation of safety 

systems and technologies.2 

The most recent data recorded on the ATSB website  for all rail-related fatalities 

and serious injury show that 350 fatalities and over 923 serious injuries have 

occurred between 2002 and 2012. The overwhelming majority of these fatalities 

and serious injuries were not track workers. The occurrence of these incidents has 

remained relatively consistent, with annual fatalities raging between 25 and 10 

each year with no clear upwards or downwards trend. With very little progress 

made over this period in reducing the rates of injury and fatality, it is clear that the 

implementation of additional measures to improve safety would be of great 

benefit.3 

Safety of workers in the rail industry is a priority and improving worker safety in 

the rail industry is a priority due to the present unacceptable injury and fatality 

rates. Workers, however, are just one of the many groups of people who are in 

potential danger around rail tracks. Statistics from ONRSR show that of the 100 

fatalities on Australian rail networks in FY 2018/19, none of these were track 

workers. A majority were trespassers (93) with the next highest being public (5) 

followed by passengers (2). It is therefore important to not just consider track 

workers when implementing safety systems and technologies, but that of the 

                                                 
2 Safe Work Australia. 2018. Work-related Traumatic Injury Fatalities, Australia. [Online} 

Available at: https://bit.ly/3dQotSg 
3 Australian Transport Safety Bureau. 2012. Australian Rail Safety Occurrence Data. [Online] 

Available at: https://bit.ly/2C0cqV7 

https://bit.ly/3dQotSg
https://bit.ly/2C0cqV7
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public who may be appropriately using the rail services or trespassing. It is 

important to note that the figure for trespassers includes a large number of self-

harm incidents. As seen in 

Figure 2, the last reported case of a track worker being struck was in FY 2016/17. 

Workers fatality incidents are most often caused by train strike accounting for 

four of the five occurrences since 2014. The remaining incident was as a result of 

a level crossing collision in FY 2014/15.  

Figure 2 – Railway related fatalities July 2014 – June 2019 for Workers4 

Fatalities of passengers are most often caused as a result of falls, assault or other 

occurrences as opposed to being struck by a train or colliding at a level crossing 
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(as seen in Figure 3). The leading cause of trespasser fatality is being struck by a 

train which is significantly high compared to collisions at a level crossing and 

falls/assault/other (as seen in Figure 4). The leading cause of fatalities for the 

public are collisions at level crossings with relatively even cause of fatalities from 

being struck and fall/Assault/other (as seen in Figure 5).4 

 

Figure 3 - Railway related fatalities July 2014 – June 2019 for Passengers4 

 

Figure 4 - Railway related fatalities July 2014 – June 2019 for Trespassers4 

                                                 
4 ONRSR. 2019. Rail Safety Report. [Online] Available at: https://bit.ly/2VAYPLd 

https://bit.ly/2VAYPLd
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Figure 5 - Railway related fatalities July 2014 – June 2019 for Public4 

As shown by the data from Figures 2-5, rail incidents when a worker, member of 

the public, trespasser or passenger is struck has caused the highest occurrence of 

fatalities in recent years. It can, therefore, be considered the primary area for focus 

in implementing TWS systems and technologies. All three categories, however, 

are important to be addressed, and none should be neglected. It should also be 

noted that fatalities of non-workers can also cause very significant psychological 

injury to workers. 

The maintenance of rail infrastructure is critical for ensuring smooth and hazard-

free operation. Due to high demand for some of these systems, maintenance will 

sometimes need to be conducted without the complete closure of the tracks. This 

could mean that workers will be required to work on live lines or adjacent to 

them. Logically this demand for increased live line maintenance is expected to 

increase in the coming years of increased rail traffic demand. 

Track workers roles are considered to be the most hazardous in the industry. This 

is followed by those who operate heavy track maintenance machinery and those 

who operate near high voltage lines. 

In Australia, there are many strict measures in place in efforts to minimise the risk 

at track work sites. The cause of fatalities over many years have been analysed to 

formulate regulations for procedures. However, strict these regulations are, or 

informative safety training may be, the reality is that incidents that cause worker 

fatalities still occur and must be prevented. The adoption of additional systems 

and technologies is likely to be useful in pursuit of this. In Australia and many 

other parts of the world, humans are relied on to detect and warn other workers of 

approaching trains. As such, one lapse in attention, judgement or human error can 

result in catastrophic events. One possible solution explored globally is the use of 
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automation technologies to eliminate the possibility of human error from these 

situations.5 

The following sections will explore some of the available and emerging options 

for systems and technologies for improving TWS. These options should be 

considered for implementation to reduce the occurrence of injury and fatality as a 

result of rail network operations. 

                                                 
5 CRC. 2013. Track Worker Protection Technology. [Online] Available at: https://bit.ly/3eObdih 

https://bit.ly/3eObdih
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5 Track Worker Safety Solutions for Rail  

5.1 Background Information  

TWS systems and technologies can range from passive devices that warn track 

workers of approaching trains, to active systems that may have the ability to brake 

trains if workers are still registered on the tracks. There are also administrative 

control systems that are used to provide track worker safety, that are based on 

human action. A study by CRC identified that the consideration of human factors 

is critical for the design and implementation of TWS systems. The study found 

that accurate worker location technology will be key in developing a failsafe 

system for worker protection.6 

TWS systems and technologies can be broken into five main types. These are:  

1. Sensors and worksite installed devices which give warnings to track 

workers 

Track worker warning type systems install a device at the worksite that 

detects the approach of a train then gives visual, audible and / or 

vibrational warnings to the workers. 

2. Sensors and train installed devices which give warnings to train crew 

Train crew warning type systems install a device on the train, which will 

sense the presence of track workers and alert the train crew. The train will 

then either stop or proceed with speed restrictions and added caution. 

3. Infrastructure systems and devices that prevent trains from entering 

worksites automatically 

Systems that protect worksites by preventing a proceed authority being 

given to the train (driver) while a worksite exists in the section ahead. 

These systems may also involve trips that will automatically apply train 

brakes to prevent further movement into a work site. 

4. Sensor system integration with targeted alerts to workers and operators 

Integration systems involve aspects of both of the first two types in the 

way they communicate alerts to both workers and operators of trains and 

heavy equipment. 

5. Systems and methods that remove the need for workers on the tracks to 

complete work 

Systems that remove the need for track workers to be in zones of danger 

offer automated or robotic methods of conducting track work. They also 

include measures to segregate places where persons must work from the 

danger zone, and configurations which locate equipment requiring 

maintenance in a safe place outside the danger zone. 

                                                 
6 CRC. 2013. Track Worker Protection Technology.  [Online] available at: https://bit.ly/3eObdih 

https://bit.ly/3eObdih
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Some systems may not completely fit within these groups, and some may 

incorporate a combination of TWS systems and technologies.7 

The following section will review literature separated into these five types of 

TWS systems and technologies. The section provides examples of options that 

have been used by rail networks in the past and some that may be emerging 

solutions. These options will be explored in further depth throughout the project 

and presented in a final report and table. 

5.2 Independent Sensors and Devices Which Give 

Warnings to Track Workers 

5.2.1 Train Alert System 

Train alert systems notify workers of approaching trains and are typically named 

Automatic Train Warning Systems (ATWS). These systems will often use train 

detection sensors positioned on tracks. These sensors, when triggered, will signal 

to track workers through alarms, flashing lights or personally worn devices. 

Figure 6 shows an example of a train sensor that would be mounted to a track. 

This sensor would trigger what is shown in Figure 7, which is a horn unit 

equipped with a flashing light. These systems are the most commonly used to 

ensure track worker safety.8 

 

Figure 6 – Rail mounted train detector8 

                                                 
7 CRC. 2013. Track Worker Protection Technology.  [Online] available at: https://bit.ly/3eObdih 
8 Noorudheen, N. etal. 2012. Track worker safety: investigating the contributing factors and 

technology solutions. [Online] Available at: https://bit.ly/2BWlWso 

https://bit.ly/3eObdih
https://bit.ly/2BWlWso
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Figure 7 – Horn and warning light combined TWS control unit8 

ATWS technologies have been trialled in Sydney South West locations and have 

been found to be successful in providing track worker safety. In trials, this system 

has achieved warning times of 27 seconds, no loss of signals through tunnels, and 

simulated worksite protection boundaries up to 3.28km. An updated business case 

for rolling out this technology is planned following a field demonstration and 

safety and risk approvals.9  

5.2.2 Minimel 95 Series ATWS 

The Minimel 95 Series ATWS is designed to safeguard work areas in the rail 

transport sector. The system registers train movements in a range of track work 

situations and can guarantee that individuals or groups are appropriately warned at 

the right time and location. Figure 8 shows the system configuration for the 

Minimel 95. 

                                                 
9 Presentation by Sydney trains provided by RISSB 
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Figure 8 – System configuration of the Minimel 95 ATWS10 

The system operates by detecting approaching trains and sends signals by cable or 

radio link to central control. This central unit processes the signals and triggers the 

appropriate warning unit to alert those who may be working on the track. Once 

the train has left the "danger zone", an all-clear signal is sent to the warning unit. 

The system is best used for small scale operations and short-term work sites. With 

multiple units, the system can be used on larger sites.10 

5.3 Independent Sensors and Train Installed Devices 

to Give Warnings to Train Crew 

5.3.1 Vehicle-mounted alert systems 

Vehicle-mounted alert systems will involve a device mounted to a train that will 

emit a signal when in close proximity to a track worker. These alerts given to a 

driver will usually inform the crew on how far away the worksite is and how long 

until they will reach the site. Systems of this type may also provide actions for the 

train crew to take such as stopping or slowing down. Devices held with track 

workers will often be able to send a signal to the train crew that they are in a safe 

location. 

5.3.2 RangingProtracker 

The RangingProtracker by Protran Technologies is a vehicle-mounted alert 

system designed to inform drivers of the presence of track workers. The system 

involves a train mounted display which will inform the train crew when it picks 

                                                 
10 Schweizer Elecronic. 2013. Automatic Train Warning System (ATWS). [Online] Available at: 

https://bit.ly/3dXCSwg 

https://bit.ly/3dXCSwg
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up the signal of a track workers personal alert device. This system and how it 

interacts with track workers PADs can be seen in Error! Reference source not 

found..  

This vehicle-mounted system has a configurable display that can show how far 

away workers are and how long until the vehicle reaches their location at its 

current speed. The system can detect track worker personal units from over 600m 

away, allowing time for vehicle crew to take measures to prevent any safety 

incidents.11 

 

Figure 9 – RangingProtracker system and how it communicates track worker locations to 

rail vehicles11 

5.3.3 EWDS-01 System 

The Blue Electronics Early Warning Detection System (EWDS-01) is specially 

designed for use with rail maintenance machines. It outputs in real-time the speed, 

distance and direction of travel of each operating machine and warns operators of 

any potential collision that is detected. An additional expansion of the system 

allows for GPS tracking, points of interest warnings and PPD for track workers. 

Figure 10 shows the operator's control panel, which displays information on the 

proximity of the host vehicle to other sensors carried by track workers. An 

emergency sound is made when the machine comes close to another sensor.12 

                                                 
11 Protran Technology. 2018. RangingProtracker. [Online] Available at: https://bit.ly/2VytmZW 
12 Blue Electronics. 2016. EWDS-01. [Online] Available at: https://bit.ly/31ym648 

https://bit.ly/2VytmZW
https://bit.ly/31ym648
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Figure 10 – Vehicle-mounted EWDS-01 device from Blue Electronics12 

5.3.4 4WPS ï Worksite Protection System  

The 4WPS from 4Tel is a worksite protection system that uses real-time location 

data for trains, workers and track machines to generate a virtual worksite with 

geo-located boundaries that alert vehicle and machine operators. Staff in the field 

can be monitored by operators to ensure optimal visibility when in the field. 

The system uses master control units, PADs, and a web-based app that can be 

used on smart devices or PCs. The live reporting feature is optimised for quick 

and accurate reporting of events, minimising the risk of error and improving 

efficiency. 

This system compliments other formal track work safety processes such as using 

ARA Competency cards as a built-in control to ensure the correct staff are 

operating on a work site and are in a safe location. 4Tel suggest that the system 

should not replace existing safety measures in use, but rather be added to 

complement existing systems. Figure 11 shows track workers on site using the 

4WPS system.13 

                                                 
13 4Tel. 2018. 4WPS ï A Worksite Protection System. [Online] Available at: https://bit.ly/2NJSUz5 

https://bit.ly/2NJSUz5
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Figure 11 – The 4WPS system from 4tel set up at a track work site13 

5.3.5 SmartVest 

The SmartVest product from 3squared developers uses LEDs that respond to 

approaching hazards. When worn by track side workers, the vest will use 

information from live data feeds to provide automatic visual alerts. Different 

colour lights represent different hazards, so workers understand what hazards are 

present.  

Site plans can be uploaded to the SmartSafe virtual area management platform. 

On this platform certain areas can be marked as safe or hazardous, defining 

exclusion zones, such as areas close to power lines or active tracks. Figure 12 

shows the SmartVest illuminated with its built in LEDs.14 

                                                 
14 The Construction Index News. 2015. Flashing vest warns of oncoming train.  
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Figure 12 – SmartVest illuminated with its built in LEDs14 

5.4 Infrastructure Systems and Devices that Prevent 

Trains from Entering Worksites Automatically  

5.4.1 Authority Based Systems 

Currently, the most effective methods for providing track worker safety are those 

embedded in train network control systems. These systems provide a robust level 

of safety to workers as they are given Occupancy Authority on the track section 

they are working within. This would mean that trains are completely restricted 

(this may be through methods such as signalling, movement cut-outs, and 

administrative control) from entering the worksite until the workers have 

indicated that they are away from the tracks. Further safety can be achieved by 

providing workers with Occupancy Authority of any nearby tracks that they could 

accidentally move onto or near. 

The cost of these systems is, however, quite high as they need to have been 

implemented into the train network control systems and operating trains. 

5.4.2 ERTMS System 

The ERTMS is designed as an authority-based system where workers or control 

centre authorities can secure authority to sections of track for workers to conduct 

maintenance. This authority can be released for trains wanting to pass with 

permission from the track work team. The ERTMS system can use GSM-R, so 



 

ACRI Track Worker Safety Solutions for Rail 
Literature Review 

 

  | V1.2 | 17 July 2020 | Arup 

G:\ACRI\PROJECTS\5. OTHER\OTH16 TWS SOLUTIONS - ONRSR RISSB\7. MILESTONES, MEETINGS & FINAL REPORT\2 OTH16 LITERATURE SCAN\OTH16_TWS 

SOLUTIONS FOR RAIL_LITERATURE_REVIEW_V1.2_ISSUED.DOCX 

Page 20 

 

track work teams can use on-person devices to allocate and release track 

authorities.15 

The system further improves safety standards by continuously monitoring all train 

speeds and updating control centres in real-time. The location of each train can be 

monitored to ensure none are present in a work area when an authority to work 

has been requested.16 

5.4.3 Advanced Train Management System (ATMS) 

The ATMS from ARTC is a communications-based train control and signalling 

system. The system was developed through a collaboration between ARTC and 

Lockheed Martin. It works by connecting locomotive operators to ARTC network 

control centres making information and control of the network centralised. Figure 

13 shows how the system works.  

 

Figure 13 – ATMS function diagram17 

The ATMS offers safety benefits including: 

¶ Automatic intervention (such as braking) when detecting vehicles 

exceeding speed limits, detecting vehicles in the wrong location and other 

hazard detection. 

¶ Increased situational awareness providing prompts to network controllers, 

determining the location of the train, replacing trackside signals with on-

board displays for locomotive operators and detecting points of entry to 

ATMS monitored tracks. 

                                                 
15 Noorudheen, N. et.al. 2012. Track worker safety: investigating the contributing factors and 

technology solutions. [Online] Available at: https://bit.ly/2BWlWso 
16 European Union. 2020. ERTMS Benefits for stakeholders. [Online] Available at: 

https://bit.ly/31Ay6Sx 

https://bit.ly/2BWlWso
https://bit.ly/31Ay6Sx
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¶ Elimination of miscommunication of train orders and provide authorities 

to trains through data communication. 

¶ Increased visibility of all activities up to 10km ahead of the train. This 

includes limits of authority, speed limits, track occupancy and other 

hazards. 

This system is able to protect track workers by providing seamless 

communication between operators, controllers and workers on tracks.17 

5.4.4 Worksite Protection Key 

The Worksite Protection Key has been deployed in NSW. This involves a key 

switch mounted on an automatic signal. When the key is withdrawn the signal is 

forced to display a stop aspect and a noticeboard is displayed informing train 

drivers that the signal must not be passed at stop. The signals in rear of that signal 

will display the relevant medium and caution aspects to ensure that the train 

approaches the signal at an appropriate speed and is ready to stop. Accordingly, 

the train has no proceed authority to enter the worksite, in this case because the 

protecting signal is at stop.18 

At interlockings, a similar worksite protection arrangement can be implemented if 

the worker on site removes the emergency switch machine handle from the 

Emergency Switch Machine Lock (ESML). This must be done in coordination 

with the signaller and has the effect of putting all signals protecting moves 

through the relevant turnout to stop. The signals cannot be cleared until the handle 

has been returned to the ESML. 

5.4.5 Absolute Signal Blocking (ASB) 

Absolute Signal Blocking excludes rail vehicles from entering a portion of track 

for a specified period of time. This option may be used if a protection officer has 

assessed that the track work will not involve more than one work site, require a 

work on track authority, break the tracks or alter track geometries or structure. To 

authorise ASB, more than one signaller is required as well as a nominated 

protection officer on site for the duration of the track work. Figure 14 shows an 

example set-up using one controlled absolute signal within 500m of the worksite 

and a stationed lookout.19,20 

                                                 
17 ARTC. 2020. Advanced Train Management System (ATMS). [Online] Available at: 

https://bit.ly/3dQrXnO 
18 RailSafe. 2019. Using a signal key switch. [Online] Available at: https://bit.ly/2VBYcAZ 
19 ARTC. 2020. Absolute Signal Blocking. [Online] Available at: https://bit.ly/3eJywZV 
20 ARTC. 2020. Using Absolute Signal Blocking. [Online] Available at: https://bit.ly/2WSdnqv 

https://bit.ly/3dQrXnO
https://bit.ly/2VBYcAZ
https://bit.ly/3eJywZV
https://bit.ly/2WSdnqv
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Figure 14 – Example situation of use for Absolute Signal Blocking 

5.4.6 4PTW ï Permit-To-Work System 

The Permit-To-Work System (4PTW) from 4Tel is a system for managing 

authorities to support train work activities. The system is comprised of a smart 

device application that is used by protection officers and communicates to a 

central server to integrate the received information with the train control 

environment. 

The 4PTW system aims to provide a solution for all maintenance activities and 

removes the need to rely on admin controls, voice communications and 

handwritten authorities. 

The main advantages of this system include: 

¶ Providing the same level of protection to track works as provided for trains  

¶ Removes the possibility of human error in verbal communications 

¶ Highly accurate location assurance reducing worker exposure to unsafe 

situations 

¶ The ability to confirm that arrangements have been accurately 

communicated 

¶ Simple integration with control room systems 

¶ Real-time and dynamic alerts to warm of limits of authority 

The system can be implemented to varying levels which contribute to improved 

worker safety through additional measures. Figure 15 shows one view of the 

display for the 4PTW system.21 

                                                 
21 4Tel. 2018. 4PTW ï 4Telôs Permit-To-Work System. [Online] Available at: https://bit.ly/38k33fa 

https://bit.ly/38k33fa
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Figure 15 – 4PTW system display19 

5.5 Sensor System Integration with Targeted Alerts 

to Both Workers and Operators 

5.5.1 Traincrew Alert Devices 

Traincrew alert devices will involve a device that is installed onto the vehicle that 

will warn if there is track work occurring within a certain proximity on the 

vehicles or other nearby lines. This device is designed to pick up the signal of 

track workers own personal alert devices and notify the driver once they are 

within a certain proximity. These systems may also involve devices that inform 

track workers of the train/s proximity to provide further transparency to all parties 

and lower safety risks. 

5.5.2 Protracker Roadway Worker Protection System 

The Protran Protracker Roadway Worker Protection System is an example of a 

train crew alert device that also involves devices that inform track workers. This 

system involves a train mounted alert unit, personal alert devices, flagging device 

and a portable horn and light. 

The train crew warning system can be mounted in a driver cab or integrated into 

the existing train monitor display. This device will detect any track worker 

personal alert devices that are in certain proximity and warn the driver to slow 

down or stop. This same system will automatically signal to workers that a train is 

approaching. As an additional measure, a flagging device being operated by a 

lookout can be used to manually send a signal to the track workers and or the horn 

and light signal when a train is approaching. Error! Reference source not found. 

shows how these devices operate together.22 

                                                 
22 Protran Technology. 2018. Protracker RoadwayWorker Protection System. [Online] Available 

at: https://bit.ly/3gmeSUP 

https://bit.ly/3gmeSUP
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Figure 16 – Protracker Roadway Worker Protection System devices operating together to 

keep track workers safe as a train approaches20 

5.5.3 Collision Avoidance Systems  

Collision avoidance systems (CAV) are not only used in rail but also in the 

mining and construction sectors to keep workers safe. The core function of these 

systems is to prevent the collision of workers and moving vehicles. The systems 

use several proximity sensors through GPS enabled devices. These systems will 

typically use a wearable device, similar to that shown in Error! Reference source 

not found., which will alert workers of approaching vehicles as well as mounted 

sensors and devices that will alert vehicle operators of imminent collisions, such 

as the device shown in Figure 17. Some of these mounted systems on vehicles can 

automatically apply brakes to prevent a collision. 

 

Figure 17 – Wearable worker alert electronic devices21 

 

These systems are designed for use on slow-moving vehicles that can quickly 

brake to avoid a collision. Their ideal use case is for prevention of collision 
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between track workers and rail maintenance vehicles/machinery such as the 

situation illustrated in Error! Reference source not found..23 

 

Figure 18 – Example of a dangerous situation for track workers21 

5.5.4 Worker Sign in/out Hazard Awareness Systems 

There are TWS systems that can provide alerts to both vehicle operators and track 

workers through a check-in/out system. These systems can be useful in that they 

will signal to vehicle operators that they must adhere to speed limit restrictions 

when travelling near or through work sites. Additionally, these systems can warn 

workers of when a vehicle is passing through, so they are prepared to be out of the 

way and are not caught by surprise. These systems may be a permanently or 

temporarily installed device that tracks a worker's location using a sign-in/out 

system. Systems designed for use in temporary worksites will use trackside horns 

and lights as well as pre-installed devices on trains to warn both track workers and 

train crew to each other's presence. 

5.5.5 Track Safe System 

The Bombardier Track Safe system uses a permanently installed terminal that 

track workers log on and off from using a contactless wrist band system, as shown 

in Figure 19. 

                                                 
23 Mcclanachan, M. et.al. 2013. Socio-technological analysis of technology to improve track 

worker safety. [Online] Available at: https://bit.ly/2YZnj2L 

https://bit.ly/2YZnj2L
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Figure 19 – Bombardier TrackSafe worker logon/off terminal22 

Train drivers and track workers will both be alerted to each other's presence by 

installed warning lights and horns such as the ones in Figure 20. 

 

Figure 20 – Bombardier TrackSafe train and worker light and horn warning signal22 

Bombardier partnered with the Metropolitan Atlanta Rapid Transit Authority 

(MARTA) for a demonstration project using this system to enhance the safety of 

track workers at the trackside. The trial aimed to reduce the number of right-of-

way related incidents which accounted for 53% of fatality related incidents for 

track workers in the USA. 

This turnkey solution uses radio frequency identification and other technologies to 

provide relevant and fast alerts to track workers and vehicle operators in real-

time.24 

                                                 
24 Berlin Transportation Press. 2012. Bombardier partners with Atlanta to improve track worker 

protection with TrackSafe technology. [Online] Available at: https://bit.ly/3iAOOHu 

https://bit.ly/3iAOOHu
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5.5.6 Driver and Worker Location Awareness Systems 

Location awareness systems will often use permanently installed devices to 

inform both track workers and vehicle operators of each other's locations in real-

time. These systems are designed to keep all parties informed of the other location 

so measures can be taken to ensure worker safety. 

5.5.7 ProAccess System 

The ProAccess system by Protran technologies provides real-time information on 

track workers locations through a network of tracking modules. These modules 

are positioned along a rail network and detect the presence of a track workers 

PADs. Workers PADs alert them to an approaching train with a visual and audible 

alert. The ProAccess modules alert vehicle drivers by activating warning signage 

that is nearby to the workers. Figure 21 shows the ProAccess system in operation 

and the relationship between the modules, PADs and nearby vehicles.  

 

Figure 21 – The ProAccess system in operation using the network of modules to track 

workers PAD locations in real-time23 

This system also allows the movement of track workers to be recorded. This can 

give valuable information on workers location when entering and exiting a rail 

line as well as what time it happened.25 

5.6 Systems and Methods that Remove the Need for 

Workers to be on Tracks to Complete Work 

5.6.1 Relocating Equipment out of the Danger Zone 

The exposure of workers to strikes by moving rail vehicles can be effectively 

reduced by relocating as much equipment as possible outside the danger zone. 

                                                 
25 Protran Technology. 2018. ProAccess. [Online] Available at: https://bit.ly/2ZE0FMy 

https://bit.ly/2ZE0FMy
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This will likely be possible for equipment such as signalling location cases and 

traction power system switches. It will be more economically feasible to do this at 

the time the equipment is replaced for other reasons. 

For new construction the default should be to locate equipment outside the danger 

zone whenever possible. 

5.6.2 Segregate Places Where Persons Must Work from the 

Danger Zone 

If it is not practical to relocate particular equipment outside the danger zone it 

may be possible to segregate the associated places where persons must work from 

the danger zone by means such as a simple handrail. This might be permanent or 

temporary. 

The shoulder clearance safety barrier from Pandrol is an example of a simple 

handrail system that is quick and easy to install. This railing separates workers 

from the train movement area, limiting their ability to move into the path of 

danger. The barrier extends 1.25m from the running rail and can be equipped with 

track lighting to enhance visibility. This type of system is beneficial due to its low 

cost, fast installation time and simplicity for track workers to use. Figure 22 

shows the safety barrier installed on a rail line.26 

 

Figure 22 - Shoulder clearance safety barrier from Pandrol installed on a rail line24 

5.6.3 Fast and Safe Rail I solation System 

Fast and safe isolation technology has been used to reduce the workload for track 

workers by removing the need for them to turn off the power on railway lines 

manually. Not only is this technology time-efficient, but it also improves worker 

safety by removing the need for workers to potentially be working on live rail 

lines. 

                                                 
26 Pandrol. 2019. Shoulder clearance safety barrier. [Online] Available: https://bit.ly/2VPU2FJ 

https://bit.ly/2VPU2FJ
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The previous method to achieve this, known as "manual strapping", involved track 

workers carrying 30kg of equipment through live rail lines. On the South Western 

Railway in the UK over 2,500 work hours are spent every year for workers to 

carry out manual strapping. Now a single worker can access a local control panel 

to operate switches away from the live rail lines.27 

The Fast and Safe Isolation technology was trialled in the Guildford area in the 

UK. Following the success of the trial, 450 of the devices were installed on the 

South Western railway route in 2019. Plans are in place to add a further 400 

devices from 2019-2022.  

In the UK, over 20 staff every year were injured performing the former manual 

strapping method. These workers can now spend their time performing other 

critical maintenance work to improve network reliability and passenger safety. 

This technology has allowed for greater efficiency and improved safety for 

workers and passengers.28 

5.6.4 Unmanned Aerial Systems (UAS) for Rail Track 

Inspections 

The use of UAV technology could be one way to conduct track worker operations 

on live lines while removing the need for a human worker to be present. Remote 

controlled, or autonomous systems could be used alongside high fidelity sensors 

such as cameras and radar to determine where and what work would be needed to 

be done on live tracks. The use of robotics could also be implemented to perform 

track work and remove some of the need for workers to enter the proximity of  

live lines. 

5.6.5 UAS Track Inspection Systems  

Nova Systems is working with a leading rail asset owner in Australia to explore 

autonomous rail track inspections by using UAS. A programme of work has been 

set to explore the potential for the application of these technologies. This will 

commence with a feasibility study and leading to technology trials. The key 

targets of the study will be to determine how these systems can: 

¶ Operate reliably within the Australian infrastructure and environmental 

context; 

¶ Augment existing inspection techniques; 

¶ Collect higher quality inspection data; 

¶ Provide opportunities to enhance safety; and 

¶ Remove remote worker's exposure to hazards on live lines. 

                                                 
27 Rail Technology Magazine. 2018. New railway technology to save track workers thousands of 

hours on SWR. [Online] Available at: https://bit.ly/3gyyGo3 
28 Railway News. 2018. UK: New Faster Safer Isolations technology to save time and improve 

worker safety. [Online] Available at: https://bit.ly/3feneh6 

https://bit.ly/3gyyGo3
https://bit.ly/3feneh6
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The study will also explore the regulatory framework for the use of UAS on 

Australian rail networks to make the use of this technology the new normal in 

urban and rural environments.29, 30 

5.6.6 Field Evaluation Using Machine Vision and Robotics 

The use of robotics and machine vision to perform rail line inspection and 

maintenance work could be a solution for removing the need for track workers to 

be around tracks when working. 

5.6.7 Machine Vision Field Evaluation System 

The University of Illinois at Urbana-Champaign researched the implementation of 

computer vision technologies to conduct rail ballast quality evaluation and 

degradation assessments. A machine was used in the field to take imagery of the 

ballast while another in a lab analysed the imagery to detect faults and analyse 

ballast quality. 

The system can provide predictive servicing maintenance analysis and life-cycle 

analysis of the materials analysed. Not only will this improve the safety and 

reliability of the rail networks but also remove the need for track workers to 

conduct this analysis manually and be out on potentially live rail lines. Figure 23 

shows some of the imagery captured by the robot analysing the ballast quality and 

levels of fouling. 

 

Figure 23 – Image results from three ballast images indicating low, medium and high 

degradation and fouling levels from left to right29 

                                                 
29 Nova Systems. 2019. Unmanned aerial systems (UAS) rail track inspections ï BVLOS. [Online] 

Available at: https://bit.ly/2VOxB3I 
30 RTSA SA Chapter Newsletter April 2018 edition provided by ACRI 

https://bit.ly/2VOxB3I
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Future work has been identified that would explore the use of robotics to conduct 

the removal of fouled ballast so that the need for workers on tracks could be 

removed entirely from the entire maintenance process.31 

5.6.8 Machine Vision Rail Inspection Systems 

Machine vision is an application of artificial intelligence involving cameras and 

lasers gathering image data, which are analysed using algorithms to detect wear 

and tear. This technology can automate the inspection of rail assets such as tracks, 

cars, tunnels, pantograph and catenary etc. Detecting damage to the rail surface, 

sleepers and fasteners is particularly useful on high use and remote track 

elements. With the ability to assess subtle changes in physical characteristics, 

machine vision systems are superior to human inspection. They can typically cope 

with varying light levels and weather conditions, even operating at night. Human 

inspection is also subject to interpretation and can be impacted by fatigue. 

Therefore, this approach to track inspection can feasibly replace field technicians 

and improve the accuracy of assessments.32 

Until recently, the accuracy of machine vision was impacted by high speeds. 

Advances in high-speed cameras and processing techniques are addressing this 

constraint, with recent studies demonstrating accurate detection of rail elements at 

speeds of 150-400 km/hr. 

5.6.9 ENSCO Track Imaging System 

ENSCO Track Imaging Systems use high-resolution cameras and advanced image 

processing algorithms to reliably detect issues in a range of track components, 

including joint bars (fish plates), ties, fasteners, railheads, overhead wire, as well 

as track right-of-way (ROW). All ENSCO rail imaging systems can operate either 

day or night to reduce operational interruptions. ENSCO systems can be mounted 

on dedicated vehicles (e.g. utility vehicles) or trains. Photographs of this system 

can be seen in Figure 24. 

 

Figure 24 – The ENSCO Track Imaging System mounted to a vehicle31 

                                                 
31 Transport Research Board. 2017. New ideas for rail safety. [Online] Available at: 

https://bit.ly/3f2agD7 
32 Liu, S. et.al. 2020. A review of applications of visual inspection technology based on image 

processing in the railway industry. [Online] Available at: https://bit.ly/2C8GZs5 

https://bit.ly/3f2agD7
https://bit.ly/2C8GZs5
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ENSCO also have train mounted inspection system referred to as Autonomous 

Track Geometry Measurement System for assessing track irregularities such as 

warping, twisting and surface alignment issues. 

ENSCO systems are in operation in North America and have been developed in 

partnership with the US Department of Transportation (Federal Railroad 

Administration).33 

5.6.10 Autonomous Inspection Drones 

Drones or unmanned aerial vehicles (UAVs) are being applied to railway track 

inspections in situations where assets are remote, the terrain is too difficult for 

ground-based vehicles, or where tunnels and culverts are too tight for human 

inspectors to operate safely. 3D imaging laser systems are typically mounted on 

the drones to take high-resolution images of rail assets and detect changes to 

previous scans. While relatively proven technology in other industries (e.g., 

construction), it's currently undergoing early trials in Australia with the rail 

industry and requires the development of regulatory controls to govern their 

application.34 

The technology is more established in the US and UK, where rail operators have 

been using augmenting inspection regimes with drones for several 

years.35,36https://www.railtech.com/policy/2019/07/17/drones-become-new-rail-

workers/?gdpr=accept 

5.6.11 Network Rail Air Operations Team 

The UK's Network Rail has a dedicated team, which uses helicopters and drones 

to undertake inspections without disrupting train services. Because it is illegal to 

fly drones within 50m of rail networks in the UK, NR has approved service 

providers and a team of specialist in-house pilots who have completed safety and 

compliance certification. This team and one of their drones can be seen in Figure 

25. 

Drones are mounted with thermal and visual imaging equipment, allowing NR to 

detect a range of faults and prevent disruption. Thermal imaging is particularly 

useful for picking up electrical faults and ensuring that trackside point heaters for 

melting snow are operating correctly. Additional to infrastructure inspection, 

onboard cameras can detect trespassers and crime risks.37 

                                                 
33 ENSCO. 2016. Track Imaging Systems. [Online] Available at: https://bit.ly/3gv38jc 
34 Infrastructure Magazine. 2019. Remote track inspection using drones. [Online] Available at: 

https://bit.ly/2VMFMgM 
35 Brajkovic, V. 2019. Railroads continue to tap drone technology to inspect track, bridges. 

[Online] Available at: https://bit.ly/38tMq0N 
36 RailTech. 2019. Drones become new rail workers. [Online] Available at: https://bit.ly/38szjwQ 
37 NetworkRail. 2019. Our air operations team surveys the railway by helicopter and unmanned 

aerial craft systems (UAS or drones). [Online] Available at: https://bit.ly/38vlRIA 

https://www.railtech.com/policy/2019/07/17/drones-become-new-rail-workers/?gdpr=accept
https://www.railtech.com/policy/2019/07/17/drones-become-new-rail-workers/?gdpr=accept
https://bit.ly/3gv38jc
https://bit.ly/2VMFMgM
https://bit.ly/38tMq0N
https://bit.ly/38szjwQ
https://bit.ly/38vlRIA
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Figure 25 - The UK Rail Air Operations team setting up a drone to conduct rail 

inspections35 

5.6.12 Mechanised Track Patrol Vehicles (MTPV) 

The MTPV from Mermec are rail inspection vehicles that reduce the need for 

manual rail inspection. Traditional track inspection involved workers physically 

walking along the tracks to identify broken rails, joints, major defects and 

obstructions to trains or other equipment. 

Sydney Trains have two of these systems operating on its rail lines. These systems 

use laser-based technologies to inspect track geometry, rail profile, rail 

corrugations, and overhead wiring measurement. 

These vehicles can operate without the need of closing the line for inspection 

which greatly improves the rail network efficiency. The vehicles can also scan 

while moving at a typical line speed, so passenger and freight train traffic is not 

slowed. They system ultimately can achieve a reduction in the need for workers to 

be physically on the tracks and potentially in dangerous situations. Figure 26 

shows the MTPV1 unit that operates on Sydney rail lines.38 

                                                 
38 Mermec Group. 2014. Meet MTPV1 and MTPV2: the new kids on the track. [Online] Available 

at: https://bit.ly/2VQpLXo 

https://bit.ly/2VQpLXo


 

ACRI Track Worker Safety Solutions for Rail 
Literature Review 

 

  | V1.2 | 17 July 2020 | Arup 

G:\ACRI\PROJECTS\5. OTHER\OTH16 TWS SOLUTIONS - ONRSR RISSB\7. MILESTONES, MEETINGS & FINAL REPORT\2 OTH16 LITERATURE SCAN\OTH16_TWS 

SOLUTIONS FOR RAIL_LITERATURE_REVIEW_V1.2_ISSUED.DOCX 

Page 34 

 

 

Figure 26 – MTPV1 rail unit operating on Sydney rail lines36 

5.6.13 Safe and Efficient  

Safe and Efficient Access is a technology which aims to minimise the amount of 

time track workers need to be on track for the purpose of taking or giving 

possession. Dual Inventive’s ZKL 3000 RC shown in Figure 27 is a remote-

controlled track circuit operating device that removes the need for detonators and 

marker boards which traditionally require a track worker to enter a live track to 

install them. Trials of this system have shown an average improvement of 

production time of 11 minutes. Once installed, track workers can take over 

sections of track without the need for possession or line block. ProRail in the 

Netherlands installed over 500 of the ZKL 3000 RCs across their rail network. 

After one year of use the network recorded an increase in productivity of 20% and 

over 270 working hours were saved with track workers not needing to add or 

remove safety measures. Over 500 fewer hours were spent in places of danger.39  

 

Figure 27 - Dual Inventive’s ZKL 3000 RC product installed on rail tracks37 

                                                 
39 Safe and Efficient Access using digital technology provide by RISSB  
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6 Safety Systems Outside of the Rail Sector 

6.1 Automated Vision-based Detection System for 

Construction Worker Safety 

6.1.1 Relevance for the rail sector 

A computer vision system that can visually identify a worker or their equipment 

may be a potential solution for improving track worker safety. The solution 

researched by the American University of Beirut is a system designed to improve 

worker safety on construction sites. The system uses cameras with machine 

learning capability to identify which workers are and are not wearing safety PPE 

such as a hard-hat. 

This system, if applied in a TWS scenario, could be used to identify if track 

workers are present on a rail line by identifying them by a visible feature (such as 

a hard-hat or safety vest). A rail line and its trains would then be aware of the 

worker's presence and be able to respond accordingly by stopping before entering 

that area or moving through slowly with added caution. 

6.1.2 Hard-hat Identification Computer Vision System 

The study undertaken by the American University of Beirut explored the 

application of computer vision identification of workers wearing hard-hats under 

various conditions. Testing the suitability of the system with low light 

environments and low image quality, showed that the system was robust and 

reliable in its performance. 



 

ACRI Track Worker Safety Solutions for Rail 
Literature Review 

 

  | V1.2 | 17 July 2020 | Arup 

G:\ACRI\PROJECTS\5. OTHER\OTH16 TWS SOLUTIONS - ONRSR RISSB\7. MILESTONES, MEETINGS & FINAL REPORT\2 OTH16 LITERATURE SCAN\OTH16_TWS 

SOLUTIONS FOR RAIL_LITERATURE_REVIEW_V1.2_ISSUED.DOCX 

Page 36 

 

Figure 28 shows the system in use and that it can differentiate between workers 

with and without a hard-hat.40 

https://ascelibrary.org/doi/10.1061/%28ASCE%29CP.1943-5487.0000813 

Figure 28 – Computer vision system identifying workers with and  

without hard-hats38 

6.2 Entity Tracking Systems 

6.2.1 Relevance for the Rail Sector 

Entity tracking systems are designed to provide collision avoidance when heavy 

machinery and vehicles are involved at a work site. These systems will often 

monitor the position of workers and equipment to ensure they do not come in 

contact with each other by sending warning signals and anticipating safety issues. 

This may involve the use of tags worn by workers and any equipment that feed 

information to a control centre. The workers on-site should at all times be able to 

see the relative position of all equipment relative to themselves through a display. 

Alarms, both visual and audible, are often incorporated into these systems. The 

proximity range to trigger these alarms are often customisable to suit different 

operations, environments and equipment in use. 

One caveat for this type of system in rail is the speed of the approaching trains. 

Particularly in operation modes where non-track maintenance vehicles are 

involved. These systems are however worth mentioning as an avenue for 

exploration as the technology advances. 

                                                 
40 Mneymneh, B. et.al. 2019. Vision-based framework for intelligent monitoring of hardhat 

wearing on construction sites. [Online] Available at: https://bit.ly/38vBtM4 

https://ascelibrary.org/doi/10.1061/%28ASCE%29CP.1943-5487.0000813
https://bit.ly/38vBtM4


 

ACRI Track Worker Safety Solutions for Rail 
Literature Review 

 

  | V1.2 | 17 July 2020 | Arup 

G:\ACRI\PROJECTS\5. OTHER\OTH16 TWS SOLUTIONS - ONRSR RISSB\7. MILESTONES, MEETINGS & FINAL REPORT\2 OTH16 LITERATURE SCAN\OTH16_TWS 

SOLUTIONS FOR RAIL_LITERATURE_REVIEW_V1.2_ISSUED.DOCX 

Page 37 

 

6.2.2 PAS-C and PAS-Z Entity Tracking Systems 

The Carroll supplied PAS-C and PAS-Z systems by PBE Technologies is an 

entity tracking system option used in the mining industry. This system adds 

additional levels of control by setting three different warning levels from green, to 

yellow and red to flag different categories of threats to worker safety. 

The PAS-C system seen in Figure 29, uses electromagnetic sensors and GPS to 

detect light vehicles, heavy vehicles, obstacles, workers as well as any user-

defined geofences. 

 

Figure 29 – The PAS-C system from PBE technologies providing real-time information 

to a worker based on their position to detected tagged vehicles and hazards39 

Ensuring visibility for both workers and equipment operators is a key aspect of 

providing a safe work environment. Tracking systems can provide an increased 

level of vision beyond what an operator or worker could typically see with just 

their eyes. Automatic monitoring systems that do not overwhelm workers or 

operators are essential to prevent the miscommunication of information that leads 

to dangerous situations or accidents. 

The PAS-Z system seen in Figure 30 is a dash-mounted device that alerts drivers 

to the presence of personnel, other equipment and potential obstacles. By 

reporting on the proximity of the closest objects, the system helps to manage 

vehicle interactions as well as provide measures against safety incidents.41 

                                                 
41 Casey, J. 2018. Mining guide: collision avoidance in mines. [Online] Available at: 

https://bit.ly/2O0unWE 

https://bit.ly/2O0unWE
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Figure 30 – The PAS-Z Proximity Alert system from PBE39 
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7 ACRI Track Worker Safety Tool  

The ACRI Track Worker Safety Tool is a software solution which aims to address 

the impact, technological change and track worker competencies required when a 

new track worker safety technology is implemented onto a rail network.  

The tool functions as a portal for managing worker competencies, training, 

workforce, safety assurance and track workers. The tool has a graphical user 

interface that is designed for easy usability with no prior training on using the 

software. Each function is supported by annotated notes describing how the 

function works. The tool has been designed for use at a national level, as well as 

specialised builds for large rail providers such as TfNSW, PTA WA and  

QLD Rail.  

The tool has been tested for three use cases. These are the introduction of drones, 

use of tablets and European Train Control Systems (ETCS). Future 

demonstrations of this tool and work for implementation has been discussed with 

the current users of the tool. Its implementation and testing has shown that the 

tool provides clear benefits with equipping track workers with the capabilities to 

utilise new TWS technologies and systems on their rail network.42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
42 ACRI. 2019. Track Worker Safety: Development of a software tool to address the impact of 

technological change on track worker competencies. Revision 1.3 
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8 Conclusions 

By understanding the many options and applications of TWS systems and 

technologies, it can be determined that many of these solutions are commercially 

mature and are viable means of improving TWS. The implementation of these 

technologies, as well as the consideration of safety systems and technologies from 

other industries, will have positive impacts on the safety of track workers in 

Australasia. These options will be further explored and presented in a way that is 

easy for asset owners to understand and adopt for their assets. 

9 Next Steps 

This literature review will be used as a baseline of knowledge and understanding 

for the delivery of the other components of this project. The surveys and 

workshops that Arup conducts as well as the options table and report that are 

delivered will be directly informed by this report as well as project collaborators 

and Arup rail experts. 
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10 Appendix 

10.1 TWS Opportunities 

At the project inception, some key topics were identified to be covered in this 

literature review and the project at large. The key points included: 

• Passive systems to ensure Track Worker Safety (TWS) 

• Automated systems to ensure TWS 

• Ways of removing exposure of workers to tracks entirely  

• Fail-safe last lines of defence for workers on tracks 

• Discussion on trials that have been done with the options we identify 

• Systems that prevent trains running into the worksite 

• Systems that warn workers on track about approaching trains 

• Strategies that keep workers and trains separate 

• Impact of train movement on track workers 

• Demonstration statistics on reduction in incidents as a result of certain 

TWS technologies 

• Other industry (particularly mining) technologies for worker safety and 

how these could be relevant for the rail industry to protect track workers. 

• What barriers have been found in adopting and implementing these 

technologies in a timely manner? 

These points have been considered in the selection of literature to be explored in 

this review. These topics will be further covered in the later stages of this project 

in the surveys, workshop, options tables and final report. 


