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Abstract
Transport Canada’s Innovation Centre supports emerging transportation technologies to help
ensure Canadians can benefit from a safe, secure, clean, and integrated transportation system.
From the standpoint of safety in rail, the Centre is interested investigating the viability of using
wearable technologies to increase the safety of rail sector workers. Although wearable
technologies have proven to be useful in other industries, their adoption in Canadian rail has yet
to gain traction. This study aims to show that wearable technologies have the potential to
increase the safety of rail sector workers and that further investigation of specific use cases
could be valuable.
To achieve the objectives of the study, FactorSafe Solutions, an Ottawa, Ontario based human
factors consultancy, was contracted to collect and analyse relevant data from multiple sources
and then to report on their findings. The data collection methods were three-fold: a literature and
market review of known human factors considerations of trackside and yard workers and
existing technologies that may be suited to address those considerations; an analysis of the
past five years of reported rail occurrences found on the Transportation Safety Board’s Rail
Occurrence Database System to determine the most common types of occurrences where
wearable technologies may have mitigated the risk levels; and a series of interviews with
subject matter experts from the rail industry as well as researchers in the field of rail safety and
associated technologies to validate the previous findings as well as uncover new information.
By synthesizing the analysed data from the three data collection tasks, it was concluded that
there are 11 relevant occurrence types, the highest priority of which include non-main track
derailments, non-main track collisions, and movements exceed limits of authority, for which yard
and trackside workers could potentially benefit from the implementation of specific wearable
technologies. The 11 occurrence types are spread across both the yard and trackside
environments and could potentially be addressed through a variety of different wearable
technologies. An important conclusion of the study is that there is not likely to be a single
solution to meet the needs of all workers, environments, or tasks.
Finally, a research framework is proposed to guide Transport Canada’s Innovation Centre
through the potential next steps. The framework includes foundational research to build on the
knowledge of the prioritized use cases and technologies, pilot studies conducted in nonoperational simulated settings with small groups of participants, and then larger field trials to
assess performance of the wearable technologies during actual operations. A key success
factor to the research framework is to engage with the rail industry to benefit from their
knowledge and resources, including incorporating their safety management systems with a
human factors risk assessment during pilot studies to ensure that the wearable technologies do
not introduce new safety risks.
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1. Introduction
This report presents the study entitled “Viability Study of the Opportunities for Wearable
Technology to Increase the Safety of Rail Sector Workers”. The study was conducted
and reported by FactorSafe Solutions, an Ottawa, Ontario based human factors
consultancy, on behalf of Transport Canada’s Innovation Centre.
The objective of the study was to identify the potential viability of wearable technologies
to increase the level of safety risk mitigation for yard and trackside workers in the field,
with a focus on freight operations. Many industries, including mining, aviation
maintenance, defense, and first response have implemented different wearable
technologies, including smart eyewear (i.e., heads-up displays) and smartwatches
successfully to improve the safety and efficiency of their operations. Although some
small-scale studies have been conducted by certain Canadian rail operators and rail
maintenance companies, a larger scale study to provide guidance on the use of such
technologies has not been conducted in Canada.
As a high-level study, specific technologies were not analysed in detail, but rather broad
groups of wearable technologies were associated with the human factors considerations
in yard and trackside work to best suit the tasks and work environments in which the
different types of rail workers operate. With a goal to guide the Innovation Centre
towards more focused studies based on prioritized use cases where wearable
technologies may have the most impact on safety risk mitigation, the study includes a
research framework for the next steps.
To arrive at the results, the methodology of this study was as follows:
1. Conduct a literature and market review of known human factors considerations of
yard and trackside workers and existing technologies that may be suited to address
those considerations;
2. Perform an analysis of the past five years of reported rail occurrences found on the
Transportation Safety Board’s Rail Occurrence Database System to determine the
most common types of occurrences where wearable technologies may have
mitigated the risk levels;
3. Conduct a series of interviews with subject matter experts from the rail industry as
well as researchers in the field of rail safety and associated technologies to validate
the previous findings as well as uncover new information1;
4. Synthesize the data from the three collection sources to determine the priority
occurrence types and work environments of each worker type (i.e., yard and
trackside workers) and the type of wearable technology that could best suit the need;
and
5. Create a research framework to guide the potential next steps to determine more
detailed requirements to mitigate safety risks and identify specific suitable
technologies.

1

It should be noted that this consultation involved interviews with only a small sample of
researchers and SMEs. All information provided is based on their individual knowledge and
experiences and does not fully represent or reflect the facts or opinions of the railway industry or
individual railway companies.
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2. Literature and Market Review
2.1.

Methods

This literature review section first provides a high-level overview of the general
performance influencing factors associated with yard and trackside operations. This is
meant as a general introduction to performance influencing factors. It is not an
exhaustive or detailed review of all factors that affect human performance in the rail
industry, since a study of that nature is beyond the scope of this project.
Additionally, this section provides insight into commercially available and in-development
wearable technologies aimed at safety critical operations. Academic journal articles are
included in the review to also provide an indication of the types of technologies or
features that have been and are still being researched but may not yet be commercially
available. Previous research conducted on similar topics is also reviewed.
The research is not restricted to technologies which conform to today’s rules pertaining
to the use of electronic devices in the field since the goal is to show the potential for risk
mitigation in a broad sense. Rules can change based on evidence of the effectiveness of
a new technology and given the rapid rate of advancement in internet-connected,
artificial intelligence driven (i.e., “smart”) wearable technologies, adhering to current
rules could result in discounting a potentially well-suited solution.
Additional areas deemed out of scope include the assessment of:




detailed technical specifications pertaining to interference with existing tools or
procedures;
specific device user interfaces and how they may or may not impact operations;
and,
analysis of product and deployment costs.

The review presented in this section identifies only that certain technologies have
potential safety benefits. An assessment of the relative potential safety benefits of each
individual technology is not conducted here. Research recommendations on this topic
are provided in section 5.
An accompanying data summary spreadsheet provides high level details of the
performance influencing factors and detailed information on the wearable technologies
researched in the development of this document.

2.2.

Results

This section provides the results of the literature search, including an overview of the
yard and trackside worker roles, an introduction to applicable Performance Influencing
Factors (PIFs) and a summary of existing and future wearable technology concepts that
may support yard and trackside work.

2.2.1.

Overview of Roles

This review will focus on railway workers who participate in yard and trackside
operations, specifically conductors, yard workers, and trackside workers. Tasks
conducted by workers in these roles involve significant amounts of work on and around
Page 2 of 88
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the track, exposing them to significant risks, in particular, the risk of being struck by a
train or other rolling equipment (Roth, Rosenhand, & Multer, January 2020).
2.2.1.1.

Yard workers including train crews

Yard workers are involved in sorting rail cars and locomotives and include train crews,
consisting of conductors and engineers, and yard workers. They have a broad range of
responsibilities including crew communication, crew supervision, paperwork
management, train inspection, train troubleshooting, train repair, and train makeup and
handling (Walsh, Golay, Barnes-Farrell, & Morrow, 2013). Some more specific
responsibilities may include:







Continually receiving and responding to instructions by radio, hand signal, or
communication signal;
Observing track, signals, equipment and other railway personnel to detect any
signal or condition that affects the movement of the locomotive unit;
Monitoring of train movement for anything unusual or obstacles that may affect
the running of the train;
Inspection of freight cars and coupling air hoses;
Replacement of broken air hoses and gaskets, replacement of missing or broken
knuckles, adjustment of drawbars, the coupling and uncoupling of cars and
locomotives; and,
Planning and performing set outs and pick-ups of rail cars, and delivering cars to
customers along the rail line. (Canadian Pacific Railway, 2020) (Canadian
National Railway, 2020)

The United States Department of Transportation (DOT) has conducted a series of
Federal Railroad Administration (FRA) sponsored job analyses for railway workers
including train crews and trackside workers. A job analysis “is a formal process to
document the work-related tasks, job environment (e.g., tools or working conditions),
and human attributes needed for a specific position.” (Golay, Tuller, Walsh, BarnesFarrell, & Morrow, 2013). In the job analysis of freight conductors and yard workers,
Golay et. al. emphasized that this is demanding job, both physically and psychologically
and specifically identified fatigue as a prominent factor (Golay, Tuller, Walsh, BarnesFarrell, & Morrow, 2013).
2.2.1.2.

Trackside Workers

Trackside workers are groups of workers that inspect, maintain, and repair railway
facilities and equipment including track, signals, communications, and electric traction
systems (Roth, Rosenhand, & Multer, January 2020). The activities of various trackside
worker roles can vary significantly, but may involve communicating with rail traffic
controllers (RTC) and train crews, completing paperwork, and working with physical
tools such as rail tongs, spike drivers, spike pullers, rail saws, and sledgehammers
(Canadian Pacific Railway, 2020). Trackside workers do not have the direct interaction
with the train or locomotive itself as do conductors and yard workers (e.g. riding cars,
connecting and disconnecting rolling stock). Aside from these differences, the physical
and environmental demands are similar for trackside workers and conductors and yard
workers, and they face similar risks of being struck by a train while working trackside
(Roth, Rosenhand, & Multer, January 2020).
2.2.1.3.

Recent Research
Page 3 of 88

UNCLASSIFIED / NON CLASSIFIÉ

In 2018, the Government of Canada published a review of the Railway Safety Act
entitled: Enhancing Rail Safety in Canada: Working Together for Safer Communities.
This comprehensive review covered all aspects of the Act and sought to determine “the
degree to which the Act meets its core objective of ensuring rail safety and serving the
best interests of Canada and Canadians” (Paton, Eaton, & Quinlan, 2018). Of relevance
to the use of wearables in the rail industry, the review specifically identifies Transport
Canada’s need to “strategically transform its role and capacity” in the following areas:



“Recognizing that the next major challenge in enhancing safety will be to address
human and organizational performance factors, which will require enhanced
departmental expertise in this area and continuous learning;
Developing a better capacity in technology evaluation, data analytics (including
predictive analytics), and human behaviour, to better understand the potential of
new technologies to improve safety and facilitate their adoption in Canada.”
(Paton, Eaton, & Quinlan, 2018)

The report further identifies that “there are a wide range of human and organizational
performance issues that can have a major impact on safety such as fatigue, distractions,
and training, among others, which are factoring in a higher proportion of rail accidents”
(Paton, Eaton, & Quinlan, 2018).
In the United States, the National Transportation Safety Board has identified the lack of
specific regulations to protect trackside workers as issue. They state that existing train
approach warning systems, are vulnerable to human errors, such as miscalculating site
distance and generally underestimating the time needed for workers to clear tracks.
They identified that existing systems are insufficient as a primary form of worker
protection, and additional technology should be implemented to provide safety
redundancy (National Transportation Safety Board, 2021). Jobs within railway yard and
trackside operations have received significant research attention and analysis in the last
ten years, especially in the United States.
In addition to job analyses, the US DOT had also conducted a series of FRA-sponsored
cognitive task analyses (CTAs) for railway workers including train crews and trackside
workers. While job analyses provide a description of the physical and environmental
aspects of specific jobs, CTAs can provide a deeper insight into the cognitive factors.
Specifically, the results of a CTA can reveal
1. “the factors that contribute to cognitive performance difficulty;
2. the knowledge and skills expert practitioners have developed to cope with task
demands; and,
3. opportunities to improve individual and team cognitive performance in a domain
through new forms of training, user interfaces, or decision aids.” (Roth E. , 2011)
Railway companies also provide information on job-related PIFS through job description
and/or job demands analyses to support hiring and return-to-work decisions. These
research, descriptions and analyses are referenced in the following sections to help
identify PIFs that may have an impact on the use of wearable technologies in the yard
and trackside.

2.2.2.

Performance Influencing Factors for Train Crew, Yard Workers, and
Trackside workers

When considering the impact of wearable technology for yard and trackside operations,
it is important to consider PIFs. PIFs are “the characteristics of the job, the individual and
the organisation that influence human performance. Optimising PIFs will reduce the
Page 4 of 88
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likelihood of all types of human failure.” (Health and Safety Executive, 2009). As
summarized in Table 1, PIFs can relate to characteristics of the job, organization or
person.
Table 1: Performance Influencing Factors

Type of PIF

Description

Job

Characteristics of the job that influence human performance (e.g. system /
equipment interface, working environment, procedures.)

Organization

Characteristics of the organization that influence human performance (e.g. work
pressures, team dynamics, organizational culture, staffing levels)

Person

Characteristics of the person that influence human performance (e.g. physical
capability and condition, fatigue, work overload / underload, distraction)

The following sections describe some key PIFs to consider when implementing wearable
technology according to the type of PIF (Job, Organization, Person). In some cases, a
PIF may be applicable to more than one type. It is described in the most applicable
category, with additional categories listed.
2.2.2.1.

Job PIFs

Yard and trackside work have significant physical, environmental and procedural
demands that can influence performance.
Physical Job Factors
The design and use of any wearable technology should consider the following physical
demands for conductors and yard workers:










Continually receiving and responding to instructions by radio, hand signal, or
communication signal;
Observing track, signals, equipment and other railway personnel to detect
any signal or condition that affects the movement of the locomotive;
Frequently standing on the rail bed, beside tracks when connecting/
disconnecting rail cars, switching tracks, and guiding the Engineer with the
movement of the train;
Extended periods of walking along uneven surfaces of rail beds and
alongside tracks;
Frequent neck movement for reading the codes on the cars, looking for air
brake release, looking for hand brakes;
Occasional reaching, twisting, pushing, pulling, reaching above and below the
shoulder, carrying and grasping throughout the shift. Heavy lifting of more
than 50 lbs is listed as very rare. Lifting light to medium loads are more
common;
Climbing ladders, grasping and holding objects while riding the side of a train;
Operating various devices on rail cars and locomotives, such as uncoupling
levers and handbrakes; and,
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Bending, stooping, squatting, and kneeling frequently (Canadian Pacific
Railway, 2020) (Canadian National Railway, 2020)

For trackside workers, specific physical demands include:




Communicating with RTC and train crews to ensure safety as trains pass
through work areas;
Standing and walking on uneven ground along the railbed for extended
periods;
Depending on the task, physical activities may include squatting, kneeling,
walking, climbing, bending, lifting light to heavy loads, reaching above and
below shoulder level, twisting, pushing/pulling, crawling, carrying light to
heavy load, grasping and inspecting (Canadian Pacific Railway, 2020)
(Canadian National Railway, 2020).

Environmental Job Factors
For yard workers (including train crews), and trackside workers, wearable technologies
need to consider the following environmental conditions:







Frequent temperature extremes, including working outdoors in all weather;
Visibility challenges due to weather and time of day;
Frequent to continuous noise from the locomotive engines, wheels, airbrakes,
bells, horns or other industrial noises;
Uneven walking surfaces along railbeds, tracks and yards; and,
Occasional vibration and working at heights.

Rules and Procedures
The railway environment is highly procedure-oriented, and staff are expected to act in
accordance with procedures. Any new technology will either need to comply with existing
procedures or be beneficial enough to merit a change in procedure. Roth et. al. (2020)
also found that high-performing teams in the rail industry go beyond formal procedures
and develop informal communication strategies that “foster common ground, facilitate
work and enhance safety” (Roth 2020). The impact of any new technologies on the
informal communication strategies will need to be considered.
2.2.2.2.

Organization PIFs

Specific organizations and employers will have their own unique corporate culture which
can impact performance. However, there are certain high-level organizational PIFs that
are common across the rail industry. It is important to take into account these PIFs when
considering wearable technology and its potential for supporting yard and trackside
operations.
Shiftwork and Fatigue
Yard workers (including train crews), and trackside workers may work shifts including
nights, weekends, holidays and overtime. A Yard Foreman/Yardman may be on-call 24
hours/day, 7 days/week or have a regular assigned shift (Canadian Pacific Railway,
2020).
Shiftwork is well-established to have a correlation with sleep disruption that can impact
human performance, including increasing the time it takes to complete tasks and the
likelihood of errors (Wickens, Hutchins, Laux, & Sebok, 2015). Shiftwork can also lead to
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fatigue and poor performance on tasks which require attention, decision-making or high
levels of skill. In a safety-critical environment like the railway industry, this can lead to
increased safety risks (HSE, 1999).
Technologies may be beneficial in reducing fatigue in high workload situations; however,
they may worsen passive fatigue effects. Passive fatigue effects are associated with
low workload and lack of direct control over tasks (Neubauer, Matthews, Langheim, &
Saxby, 2020).
Fatigue has been identified as an area of focus for Transport Canada and research is
actively ongoing in this area. The 2018 review of the Rail Safety Act identifies that
“Properly addressing fatigue across the rail sector has the greatest potential to positively
affect human and organizational performance, given that it also impacts several
elements that make up fitness for duty” (Paton, Eaton, & Quinlan, 2018).
An individual’s personal level of fatigue may be considered a PIF in the “person”
category.
Experience Levels, Teamwork and Communication
Individuals and teams with significant experience working on specific tasks and with
each other may approach activities differently from new employees or teams—that is
they may have a different mental model of the work. Mental models are “mental
representations of the external world that humans constantly use when they interact with
the environment and systems within it“(Furlough & Gillan, 2018).
All members within a team will have individual mental models, which combine to form a
team mental model. Depending on team structure, the mental models of individual team
members may be quite similar or may vary greatly from each other and from the overall
team mental model (Cooke, Salas, Cannon-Bowers, & Stout, 2000).
Employee turnover in the railway industry results in many junior employees, and in some
instances could result in teams of two junior and inexperienced employees working
together in a train yard. This situation can lead to poorly developed mental models or
inconsistency of mental models within a team. (Rail News, 2020).
Teamwork and communication refer “to the allocation of tasks between team members
and the way information is exchanged between them” (Eurocontrol, n.d.). High turnover
and changes in team structure can have a negative impact on communication flow and
understanding of how tasks are shared between individuals.
Depending on how it is implemented, new technology can either facilitate or interfere
with development of an effective team mental model. Roth et. al. (2020) identified the
following potential impacts of technology on teams in the rail industry:




“Enhancing team processes by reducing the need for explicit communication, or
enhancing common ground through new visualizations (e.g., properly designed
portable yard and trackside worker devices combining location information with
digital information)
Disrupting effective team processes by eliminating a source of information
currently used to develop common ground, without providing an alternative
means for obtaining that information (e.g., digital communication deployments
that eliminate the broadcast feature of radio communication)
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Altering the distribution of functions and workload across team members shifting
a job role from one team member to another (e.g., deployment of Positive Train
Control (PTC) in a way that shifts some of the conductor functions to the
technology and/or to the locomotive engineer)
Creating new demands on teamwork, such as new requirements for
communication (e.g., new displays that present information to only one team
members that needs to be shared)” (Roth, Rosenhand, & Multer, January 2020).

2.2.2.3.

Person PIFs

The job analyses and CTAs suggest a list of PIFs that may directly impact the individual
performing yard and trackside roles in the railway industry. Wearable technologies have
potential to influence PIFs and improve performance. However, they could also
negatively impact PIFs and lead to decreased performance. Specific concerns include
distraction leading to reduced situation awareness (SA), increased mental workload,
trust in technology and wearability.
Distraction and Situation Awareness
In October 2008, the US FRA issued an emergency order to “restrict on-duty railroad
employees’ use of cellular telephones and other distracting electronic and electrical
devices” (United States Department of Transportation-Federal Railroad Administration ,
2008) . This order was eventually updated and became a regulation in 2010. A series of
incidents linked to cell phone usage by train crews—in particular, a collision in
Chatsworth, CA resulting in twenty-five fatalities—prompted the emergency order
(National Transportation Safety Board, 2010). The order concluded that with technology
such as electronic devices “increased mental workload and head-down time could also
degrade SA and result in speeding, excessive breaking, missed radio communications,
and poor train handling” (United States Department of Transportation-Federal Railroad
Administration , 2008).
Since then there has been significant research focus on the potential for technology to
create a dangerous distraction in the rail industry. While the focus of the regulation is
primarily on the use of cellular telephones and electronics in the locomotive cab, the
concerns extend to the use of wearable technologies in the yard or trackside.
Endsley (1995) defines SA as “the perception of the elements in the environment within
a volume of time and space, the comprehension of their meaning and the projection of
their status in the near future” or, informally, “knowing what’s going on”. It can be further
broken down into three levels: perception (e.g. noticing), comprehension (understanding
what’s happening) and projection (being able to predict consequences). (Endsley, Bolte,
& Jones, Designing for Situation Awareness: An Approach to User Centred Design,
2006)
When individuals work together as a team, such as conductors, yard workers, or
trackside workers interacting with engineers and RTC in the yard or trackside, the team
SA should be considered. Endsley has stated that team SA can be defined as “the
degree to which every team member possesses the SA required for his or her
responsibilities” (Endsley, Towards a Theory of Situation Awareness in Dynamic
Systems, 1995) . That is, effective team SA does not require every member to have the
same SA, but rather the appropriate SA for their role.
Technology has great potential to enhance individual and team level SA, but also has
potential to create distraction, develop information silos and increase mental workload.
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Implementing a system that enhances high-level SA requires the identification and
proper presentation of information requirements, along with an understanding of
operator and team mental models of the situation (Endsley, Bolte, & Jones, 2006).
Workload
As new technology is developed and introduced, it can have a significant impact on
railway work and associated workload. While conductors, yard workers, and trackside
workers have traditionally had physically demanding jobs, new technology is leading to
increased cognitive demands (Roth, Rosenhand, & Multer, January 2020).
There is no research consensus on the definition of workload, however it is generally
considered to be multidimensional (Yeh and Wickens 1988). For example, a commonly
used and validated approach to measuring workload is NASA-TLX (National Aeronautics
and Space Administration- Task Load Index). NASA-TLX is a “multi-dimensional rating
procedure that provides an overall workload score based on a weighted average of six
subscales: Mental Demand, Physical Demand, Temporal Demand, Performance, Effort
and Frustration” (Hart, 2006).
Workload is often discussed in terms of resources (Yeh & Wickens, 1988). In particular,
when introducing new technologies, it is important to consider mental resources.
Humans have a finite amount of mental resources that can be used in any task, and the
level of mental workload is considered to be the proportion of those resources that are
required to do the task. There are concerns with both high and low mental workload.
With high mental workload, individuals or teams may be too busy to maintain SA.
However, if mental workload is too low, individuals or teams may not be engaged, and
miss critical information in the environment, also leading to poor SA and fatigue
(Eurocontrol, n.d.). Thus, low workload can also lead to poor task performance and
unsafe situations.
The user interface of a particular piece of technology, such as displays, screens and
controls can have an impact on workload. Interfaces that are difficult to use, unfamiliar to
the user or do not match their mental model can lead to frustration and poor
performance. The user interface should be designed to fit the end user, their tasks, and
their environment. (Eurocontrol, n.d.).
Trust
Trust is generally defined by researchers in terms of reliance and risk (Sander, Kaplan,
Koch, Schwarz, & Hancock, 2019). Lee and See (2004) define it as “the attitude that an
agent will help achieve an individual’s goals in a situation characterized by uncertainty
and vulnerability”.
The degree of trust a user has in technology can influence usage. End users can be
resistant to using systems they believe to be untrustworthy (Parasuraman & Riley,
1997). Trust can be developed when a system is reliable, and functions are clearly
understood by the end-user. Too much trust in an unreliable system is also problematic.
To support effective performance, the end-users trust in system should be neither too
high nor too low (Eurocontrol, n.d.).
Wearability
A PIF specific to the field of wearable technology is wearability. Wearability is a unique
consideration, not present in the design or selection of other systems such as laptops or
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smartphones (although form factor and weight are considerations for all). Wearability
has been defined as the “interaction between the human body and the wearable object”
(Gemperle, Kasabach, Stivoric, Bauer, & Martin, 1998). Although general requirements
such as low weight would be expected, what is acceptable in terms of weight may differ
based on the user, the tasks, the required time wearing it, and the environment, thus the
importance of proper end-user requirements capture.
Beyond physical characteristics of the devices, the effects the system may have on the
user can be rated using the following comfort rating scales to assess wearability (Knight
& Baber, 2005):
1. Emotion: Does the wearer worry about how they look while wearing the device?
If they feel tense or nervous movement patterns can be altered.
2. Attachment: Does the wearer feel the device moving around on their body (i.e.,
swinging, pulling, etc.)? This is important in terms of device/sensor placement.
3. Harm: Is the device painful to wear? Is it causing the wearer any type of
physical damage?
4. Perceived change: Does wearing the device make the wearer feel physically
different in some way?
5. Movement: Does the device impede or restrict the movement of the wearer?
6. Anxiety: Does the wearer feel secure wearing the device?
These factors can have an impact on other PIFs. For example, poor attachment could
cause a distraction leading to decreased SA, or restricted movement can lead to
additional workload. These can in turn compromise performance and safety. For
applications to the rail work environment, additional or new safety risks relating to
wearability should be considered, such as devices not getting caught on equipment,
causing distraction or other risks. Ensuring that the above factors are considered can go
a long way to achieving successful system implementation for wearable technologies.
When studying wearability, medium to long-term studies may be necessary, since first
time or short-term use experience may not reveal adequate information. Achieving
operator buy-in of any new work system can be challenging, but extra care should be
taken when selecting a wearable system given the nature of the interaction with the
user.

2.2.3.

Wearable technologies in safety critical operations

This section of the literature review will provide an overview of wearable technology and
highlight relevant types of wearable technology to the safety of yard and trackside
workers in rail.
2.2.3.1.

Empowering wearable technologies through the Internet of Things

Advances within the realm of information technology in recent years have seen the
advent of the Internet of Things (IoT), a paradigm that provides a means for distributed
devices, both digital and mechanical to share information and be controlled from remote
locations. The IoT has allowed the concept of multi-sensor data fusion, or the synthesis
of data from multiple input sources to predict activities and outcomes, to expand beyond
local applications (Rotondo, 2018). Multi-sensor data fusion via the high-speed, reliable
data networks associated with IoT can provide the opportunity to enhance human
senses and decision-making through the implementation of wearable technologies.
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Although fitness trackers such as the Fitbit have grown increasingly popular with the
consumer market, industrial use of IoT-based wearable technologies is only starting to
become more common. The key use cases are those in which operators can benefit
from hands-free access to information and communication, and those in which
heightened SA while not in proximity to a stationary workstation or when using a laptop
is not feasible, can increase operator safety, effectiveness, and/or efficiency (Gans, et
al., 2015).
2.2.3.2.

Categories of wearable technology

Wearable technology has been defined as “a computing device that is small and light
enough to be worn on one’s body without causing discomfort … [and] is constantly
turned on and is often used to interact with the real-world through sensors that are
becoming more ubiquitous each day. Furthermore, information provided by a wearable
computer can be very context and location sensitive, especially when combined with
GPS” (Barfield, 2016). Like the sensors and microprocessors empowering them,
wearable technologies continue to evolve to be smaller, less expensive, and more
powerful. Wearable technologies tend to fall into one of two major categories (Godfrey,
et al., 2018):
1. Primary - devices that can operate fully independently and act as a hub to
connect various other wearables and information (e.g., a smart watch or
smartphone); and,
2. Secondary - body worn sensors (e.g., heart rate strap, or intelligent clothing
which integrate sensors into their woven fabrics that send information to a
primary wearable device).
By combining primary and secondary wearable technologies, industry-specific solutions
have shown to be highly valuable to end-users. The ability to increase SA (i.e., receive
information, communicate with team members) and control aspects of the working
environment remotely, and often in a hands-free capacity, can be shown to increase
levels of safety (Awolusia, Marks, & Hallowell, 2018), effectiveness (Brewer, Fann,
Ogden, Burdon, & Sheikh, 2016), and efficiency (Khakurel, Melkas, & Porras, 2018).
Sensors placed around the work environment can also feed data to the primary device,
thus the concept of the secondary device can be extended beyond the wearables (and
vice versa, where a body-worn sensor can inform a hub located elsewhere).
Key to successful design of wearable technology is the ability to provide the “right
information to the right user at the right time and place” without introducing distraction or
increasing workload (Silva Filho, Huang, Tewari, Jobin, & Modi, 2015). The methods by
which the information is delivered varies by type of wearable, with some providing simple
audio, visual, and/or haptic alerts, while others can provide more detailed information
through screens on watch faces, mobile devices, or heads-up displays.
It should be noted that providing wearable technology to yard and trackside workers to
improve safety does not replace existing primary warning systems and procedures for
worker safety (e.g., radio communications, horns, hand signals, etc.), but should be
viewed as an additional level of safety and considered a secondary warning system.
2.2.3.3.

Proximity detection systems

1. As a secondary warning system, proximity detection systems can enhance yard

and trackside worker SA of approaching trains and to the proximity of other
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moving vehicles or machinery. These systems tend to provide the additional
benefit of also improving train/vehicle operator SA of workers at trackside
through an in-cab notification module. Although there are variations in the
components required for the setup of proximity detection systems, what they
generally have in common is that once active, workers in a defined safe zone,
will receive automated alerts, resulting in a passive warning system that could
have little to no effect on workload.
Figure 1 shows the main components of a proximity detection system including:
2. In-cab system: sensors and a signal generator on the approaching train are

3.

4.

5.

6.

used to communicate with workers via the train/worker detection sensors. As it
approaches the safe zone (depicted by the dark green line), the signal
generated by the train is detected, which provides the warning to workers that it
is approaching. At that point it can receive information about workers in the safe
zone;
Train/worker detection sensors: sensors that define a worker safe zone, as
depicted by the dark green line, send and receive signals to and from both the
approaching train and the workers. These can be permanent installations, or
mobile units and can also be used in single or multiple unit configurations, the
latter further extending the safe zone;
Worker 1 with wearable is shown within the safe zone defined by the
train/worker detection sensor. Due to the train approaching the safe zone, the
wearable on worker 1 signals an alert. The light green circle around worker 1
represents the “personal safe zone” defined by the range of the wearable;
Worker 2 also has a wearable, but is out of the safe zone, so is not receiving an
alert. As with worker 1, the light green circle represents their “personal safe
zone”; and
Analytics and real-time data system provided via the cloud to control,
supervisors, and/or management.
5. Analytics and
real-time data
2. Train/worker
detection sensors

1. In-cab system

3. Worker 1

4. Worker 2

Figure 1: Generic proximity detection system (not to scale)

Proximity detection sensor technologies
Proximity detection systems rely on effective sensor technologies to relay signals from
trains to workers and vice versa. There are a wide variety of sensor technologies
available with benefits and trade-offs including range, accuracy, signal robustness,
computational complexity, power consumption, and cost. The range of the sensor
communications impacts the lead time of the alert sent to workers prior to train arrival.
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Table 2 provides a breakdown of the analysis of a variety of sensor technologies that
could be used for proximity detection in rail.
Based on their research, Sharif and Hempel determined that an optimal approach to
location detection would be the combination of a vision-based system and a RADAR or
LIDAR system (Sharif & Hempel, 2018). The choice of vision-based system was made
due to the “vast set of image processing techniques to detect, classify, and localize
objects of interest”. Unfortunately, vision-based systems are negatively affected by
adverse weather conditions and low-light, thus the approach of using a RADAR or
LIDAR based system to complement the vision-based system, since they work
significantly better in such conditions. Sharif and Hempel’s study showed that in
proximity detection, train tracking is possible, however they determined that a great deal
more signal processing would be required to reliably track trains in real-time in the
presence of smaller objects.

Commercially available proximity detection systems
11 purpose-designed proximity detection systems were researched for this report, with
an overview of each available in the accompanying data summary spreadsheet. The
systems included in the spreadsheet are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Eleksen Connected Worker Platform (Wearable Technologies Limited)
ZoneGuard (Miller Ingenuity)
Protracker Trackside Worker Protection (Protran Technology/Harsco Rail)
HF1 Finder (Guardhat)
Tracksafe (Bombardier)
SafetyNet (LogicalSafety)
AURA Trackside Worker Protection System (Metrom)
EMTRAC Rail Worker Safety (EMTRAC)
Trapeze Trackside Worker Protection System (Trapeze)
Proxicom (Willowglen Systems)
Minimel Lynx (Schweizer Electronics)
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Table 2: Comparison of proximity detection technologies (Sharif & Hempel, 2018)
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Each system uses a unique approach to proximity detection, with differences in
detection sensor technology, type of wearable device, approach to user interaction,
among others. Most of these systems are relatively new to the market and a recent
report detailing demonstrations performed during live operations with various US carriers
determined a number of lessons learned (Staes, Concas, & Godfrey, 2020).
In the project titled “Fixed Location Train Detection and Worker Warning System”, Miller
Ingenuity’s ZoneGuard was tested by the Maryland Transit Authority (Maryland MTA)
and Metrom Rail’s AURA Trackside Worker Protection System was tested with
Metropolitan Transportation Authority (MTA) / New York City Transit (NYCT).
ZoneGuard was designed to provide workers with a minimum 25 second warning, while
AURA was designed to provide a minimum 15 second warning. Lessons learned
throughout the projects included:









Radio communication signals were affected by line of site obstructions between
various detection units, necessitating the addition of extra units to ensure solid
line of site communication;
Since the equipment relied on solar power to function, it did not receive enough
power in winter months. Extended periods of cloud cover could result in power
shutdown, with units not restarting until a minimal power level was reached. This
led Miller Ingenuity and MTA to consider permanent power solutions;
In the case of Miller Ingenuity, a train detection module was installed at every
station, however if a train was stopped on the track adjacent to the module, trains
approaching on further tracks would go undetected. This resulted in the
reconfiguration of train detection module layout;
The AURA system was able to provide the expected 15 seconds of warning to
track workers in multiple environments, including underground and on elevated
platforms;
During the AURA proof of concept, it was determined that workers were required
to wear at least two ultra-wide band (UWB) radio-based antennae to ensure
reliable detection and proximity warning; and,
NYMTA confirmed that it considered AURA as a viable secondary warning
system.

Emerging proximity detection systems
Aside from the currently available systems, research has shown a variety of systems
being developed throughout the world. Two Russian patent applications were published
in 2019, with one system using a radio signalling wrist bracelet providing audible, visual,
and haptic warnings to workers (Russia Patent No. RU2702379C1, 2019), with the other
working similarly, but also incorporating a feedback/alarm button for workers to alert their
managers of an issue (Russia Patent No. RU2701267C1, 2019). A patent application by
Siemens Mobility out of the UK was also found for a proximity detection system whereby
signals sent from trains to trackside devices would be passed on to workers via smart
eyewear, which could provide contextually specific messaging as opposed to the generic
audible, visual, and haptic alerts of the existing systems (United Kingdom Patent No.
GB2578751A, 2020). Finally, a 2020 design contest from the UK’s Network Rail
Infrastructure Ltd. is seeking bidders to design a “geofencing track worker warning
system” with alerts sent to workers via a wearable device (Network Rail Infrastructure
Ltd., 2020).
There is currently a number of proximity detection systems available and in development
including wearable technologies that may have potential for the safety enhancement of
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yard and trackside workers. Aside from proximity detection, however, there are other
means for wearable technology to improve worker safety.
2.2.3.4.

Fatigue monitoring systems

As previously quoted from the 2018 Rail Safety Act Review, “Properly addressing fatigue
across the rail sector has the greatest potential to positively affect human and
organizational performance, given that it also impacts several elements that make up
fitness for duty” (Paton, Eaton, & Quinlan, 2018). Fatigue detection is an area that lends
itself well to the use of wearable technologies with their ability to read a variety of
biological and physiological measures. Implementing the use of fatigue monitoring
wearables, both for train operators and trackside workers could help to mitigate some
occurrences2. Four such systems were identified for this study and summarized in the
accompanying data summary spreadsheet.
While each system takes a different approach to capturing fatigue-related information
and battling fatigue effects, the goals of each technology is the same; reduce the
chances of a fatigue-related occurrences. One example, the ReadiBand by Fatigue
Science, is a wristband worn during sleep, which measures an array of sleep factors,
including circadian rhythm, acute sleep interruptions, cumulative sleep debt, and more
over time to provide the user with a fatigue score and use predictive analytics to
determine whether or not the user is fit for duty. The data can be programmed to be sent
to company health and safety managers to help them decide whether that worker should
be placed in the field. The other three wearable technologies are worn during work and
use fatigue metrics to determine the user’s level of drowsiness and send an audible
and/or haptic alert to mitigate fatigue and send the data to management.
2.2.3.5.

Non-integrated systems

As opposed to the proximity detection systems described in section 2.2.3.3, which are
purpose designed, fully integrated systems, non-integrated systems can operate on their
own with limited functionality, or as part of a larger safety system featuring information
sharing and sensor connectivity. Since they are not designed for a specific industry or
task, they are very flexible by nature and can be modified using additional hardware or
software to suit a variety of users, tasks, and environments. Although they can be
configured to be a key part of a proximity detection system, as in the previously
discussed Siemens Mobility patent application using smart eyewear, wearable
technologies such as smartwatches, smart eyewear, and even smartboots can provide
further levels of enhancement to human performance, long-term health, and safety.
Smartwatches
Smartwatches have shown potential for the enhancement of public safety personnel,
including law enforcement, fire, and emergency medical services (EMS) (The Public
Safety Network, 2019). Benefits include:
1. Reception of alerts and key situation specific information through short text
messages and haptic alerts (i.e., vibrations). Communication can also be

For the purpose of this report, the term “occurrence” is throughout and should be defined as per
Transportation Safety Board Regulations (SOR/2014-37) Section 5(1) which can be found in
Appendix A.
2
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improved between dispatch and first responders through voiceless and voice
capabilities.
2. Hands-free operation allows first responders to view messages without having to
access a smartphone. This allows for key information to be received while
wearing protective gloves.
3. Biometric sensors and location tracking allow dispatch to monitor first
responders’ health and location in real-time to help ensure operator safety.
4. Automatic notifications can be sent to command through a single button alert if
an operator requires backup. Additionally, a simple interaction can enable a
microphone so dispatch can listen in while tracking the operator’s biometrics and
location.
In trackside operations, the opportunities for two-way communication via voice or text on
the screen can allow for general broadcast of safety related messaging and for crews to
report back when appropriate. The ability to monitor biometric signals and worksite
environmental conditions can also provide an extra layer of safety in the event that there
is an occurrence, since sudden changes in worker status can automatically trigger an
alert and/or provide the worker the opportunity to quickly activate an alert manually.
Smartwatches can also help monitor fatigue, and other factors affecting long-term health
including posture and length of sedentary periods.
There are many smartwatches on the market that are ruggedized and designed to meet
MIL-SPEC-810G (a United States Military Standard that emphasizes tailoring an
equipment's environmental design and test limits to the conditions that it will experience
throughout its service life), including the Casio WSD-F30
(https://wsd.casio.com/intl/en/wsd-f30/) and the Mobvoi Ticwatch Pro 2020
(https://www.mobvoi.com/us/products/ticwatchpro2020) however these, like most
smartwatches on the market, act as a secondary device and must connect via Bluetooth
to a smartphone (i.e., a primary device) to enable connection to the mobile data network
(e.g., LTE, GSM, etc.). More frequently, manufacturers are now developing SIM card
enabled smart watches (SmartGeekWrist, n.d.). One such device is the Samsung
Galaxy Watch LTE (samsung.com/ca/wearables/galaxy-watch-r815/SMR815WZDAXAC/), which is also rated as MIL-SPEC-810G compliant and has a wide
variety of onboard health monitoring sensors, a sleep quality analysis feature, and a fall
detection sensor.
Smart eyewear
Heads-up displays provided by smart eyewear have been implemented in variety of
manufacturing environments and have been proven to enhance operator efficiency and
effectiveness. In aviation maintenance, the use of heads-up displays offered by smart
eyewear, provides users real-time, hands-free visuals for component installation, wiring
harness assembly, and more (Vuzix, 2018). By moving away from paper-based manuals
or PDF-based documentation on laptops, operators can use voice and gesture
commands to maintain focus on the task at hand.
A 2015 study conducted by Lockheed Martin and NGRAIN showed a significant
improvement in effectiveness and efficiency in the assembly of the complex F-35 fighter
jet using smart eyewear. Operators with little training were able to assemble the aircraft
by following images and instructions overlaid on the aircraft as they worked. Operators
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were able to complete their tasks 30% faster and with 96% accuracy, while learning the
tasks on the job, rather than taking more time in training. Although the approach also
resulted in less required maintenance, when required, maintenance processes were
reduced from, in some instances, days down to hours (Vuzix, 2018).
In the defense sector, wearable soldier systems have been under development for 30
years when the US Army first envisioned soldiers using a wearable computer to aid in
battlefield tasks (Zieniewicz, Johnson, Wong, & Flatt, 2002). Technology now being
developed for deployment in the field include augmented reality systems providing
heads-up SA information (Gans, et al., 2015). These systems allow the overlaying of
tactical information onto the real-world view of the operator, including navigation
information and image sharing in real time.
Heads-up display systems tend to be expensive and require a primary system for
connectivity. They come in a variety of form factors, some of which may or may not be
appropriate for the tasks and environments associated with yard and trackside
operations. Pricing and complexity vary somewhat between systems. The Google Glass
Enterprise Edition 2 (https://www.google.ca/glass/tech-specs/), the latest version of one
the earliest entries onto the market, is able to provide the user with key visual, audio,
and text-based information on a screen that is only activated when the user looks at the
display. It also provides two-way communication, voice and touchpad control and is
lightweight (~46g). The Microsoft Hololens2 (https://www.microsoft.com/en-us/hololens),
on the other hand, is a mixed-reality system that generated hologram-like visuals
overlaid on real world objects that can manipulated through hand gestures and voice
control, among other features. Although far more technologically capable from a visual
perspective than the Google Glass, the Hololens2 comes with trade-offs, including
programming complexity and increased weight (566g). That said, the most appropriate
systems depend on the user, the environment, and the tasks being performed.
Smart eyewear could have a variety of benefits to yard and trackside workers. As with
smart watches, they could be integrated into a proximity detection system as the
wearable device. However, their advantages go beyond basic proximity notifications
and include receiving heads-up, contextually relevant safety notices, enabling handsfree communication, and improving the efficiency and effectiveness of operations
through guided details of required work overlaid directly onto real world objects.
Although the potential increased mental load exists with such technology, by
implementing an approach such as user-centred design (UCD), which includes the end
user in the design process through requirements gathering and usability testing of
multiple design iterations, the majority of use errors can be detected and mitigated prior
to deployment. With a well-planned and tested user-interface, the mental load of the
worker could then be reduced by providing on-time work instructions and easy access to
procedures, thus providing greater opportunity to remain vigilant of safety risks.
SmartBoots
A different location for sensors is in the sole of a worker’s boot. SolePower has
developed the SmartBoot (http://www.solepowertech.com/#solepower), which has
sensors for proximity detection, sensors for fall detection, can measure user fatigue and
other physiological factors, and can charge itself and other devices as the user walks
around throughout their shift. SmartBoots can be customized with different sensors to
suit specific applications and provide audible and haptic alerts to users. By reducing
additional equipment that could interfere with worker tasks (i.e., sensors and wearable
devices around the upper body, arms, and face), mental and physical load could be
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reduced. Performance in severe weather conditions found in the Canadian rail
environment has not been determined.
2.2.3.6.

Other health and safety considerations

As discussed in the above sections, the benefits to workers can be significant when the
potential effects on human performance are considered. Other health and safety benefits
include the ability to remotely monitor the health status of a lone worker in the field.
Wearable technologies can monitor for abrupt changes in vital signs and detect falls,
while providing emergency services with direct lines of communication to the worker and
location information. In terms of long-term health, Hand and Arm Vibration (HAV) injuries
and carpal tunnel syndrome can force workers to leave the job for long periods. In the
UK in 2016/17 there were 85 new or worsening cases of HAVS reports in the rail
industry alone. Wearables with accelerometers have been able to monitor vibration
levels and indicate when a worker should reduce their exposure. Finally, rail workers can
be subjected to hazardous chemicals and gases and wearable technologies can be used
to detect levels, alert workers to vacate the area, and send alerts to the appropriate
response units (Parwani & Shooter, 2018).
2.2.3.7.

Privacy concerns

Despite all the benefits, monitoring the health and location of workers raises some
concerns. Concerns over personal privacy when it comes to monitoring technologies is
not new. With the increase in the accuracy and reliability of the data that wearable
technologies are now able to collect, these concerns should be understood and
addressed prior to implementing any new wearable technology. Workers may become
concerned that management is using the technology to track their location at
inappropriate times (e.g., during breaks) and that their health data will be used or shared
inappropriately or punitively by management or insurance providers. When it comes to
Personal Information Protection and Electronic Documents Act (PIPEDA), organizations
should take care in how they use information collected from devices like fatigue monitors
and how that data may or may not be able to be used in the event of an occurrence
investigation (Yoemans, 2018).
Workers concerned about privacy could develop morale issues, which could negatively
affect their performance and diligence when it comes to safety measures. Organizations
collecting health data through wearables also must be concerned with cybersecurity and
potential for being hacked (Travelers Risk Control, n.d.).
2.2.3.8.

Approach to implementation of wearables in the workplace

There are many potential benefits to wearable technologies including: enhanced safety
through proximity detection, location tracking, health monitoring, fall detection, and
fatigue monitoring, in addition to those aimed at operational effectiveness and efficiency,
but ensuring employee buy-in is a key to successful implementation. Following certain
guidelines can help to facilitate a smooth transition (Cavuoto & Megahed, 2018):
 Choose the right wearable device – assess the goals, determine human factors
and technical requirements prior to selecting a system;
 Inform workers on how data will and will not be used;
 Do not use wearables to track productivity;
 Work with unions and employee organizations to gain buy-in;
 Provide options for employees to not share their data or to opt out of monitoring
program;
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For specific research projects, collect data for a limited time, continuous
monitoring is not required (can lead to data misuse);
Coordinate with other similar organizational efforts so as not to repeat similar
programs;
Train users on proper wear and maintenance; and,
Assess user perception prior to and post introduction of the system.

2.2.3.9.

Non-wearable safety enhancement systems

Although the focus of this report is on the use of wearable systems to enhance the
safety of yard workers (including train crews), and trackside workers, there are a variety
of other systems which can be implemented to mitigate associated safety risks. Some of
the non-wearable safety enhancements systems include (Macken, 2020):





2.3.

Card-in, card-out systems whereby workers use a tap system on a card reader to
notify control of their presence on a track. Although the card can be in the form of
a wristband, it does not conform to the definition of wearable technology from
section 2.2.3.2.
Procedures to ensure that work equipment (e.g., excavators) is not parked or
stationed in close proximity to the track. This could include the use of permanent
or temporary physical barriers.
The use of automated systems in the form of uncrewed aerial vehicles (UAV) or
track imaging systems fixed to the underside of rail cars or specialized rail
vehicles. These systems are generally used for field evaluation (i.e., track
inspection) to replace the need for human workers to conduct inspection
activities in close proximity to tracks.

Discussion

The growth of the wearables industry enabled by sensor technology, smaller and faster
micro processing, and data analysis and the Internet of Things has shown to be
beneficial to a variety of industries. By allowing operators in complex and safety-critical
environments to receive real-time information in a hands-free, non-obtrusive manner,
wearables are augmenting the capacity of operators, allowing them to achieve more
successful results in less time while improving the safety of the operators and those
affected by their work. With wearable technology being applied to such a variety of
contexts, users, and activities, it is important to take steps to ensure appropriateness of
system design. Taking human factors into account when selecting a wearable system
can provide for successful implementation to benefit the safety of yard and trackside
workers and can ensure that the wearable technologies do not introduce new safety
risks.
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3. RODS Analysis
3.1.

Methods

This section presents the results of a review of occurrences in the Transportation Safety
Board’s (TSB) Railway Occurrences Database System (RODS). The review focuses on
occurrences where wearable technology, had it been in use, may have mitigated risks.
RODS data was restricted to that dealing with operational and maintenance personnel
(e.g.: yard workers and trackside workers respectively as defined in Chapter 2) on freight
specific assignments since 2015. Occurrences dealing with other types of personnel and
passenger rail in general are not within scope of this current project. However, the
results of this project’s recommendations will likely be relatable to non-freight operations
specific environments/personnel. The conclusions drawn from analysis of RODS data
could vary depending on the methodology used given the wide variety of requirements
for an occurrence to be reported to the TSB (Government of Canada, 2018).
There are important limitations to consider for this data analysis. Most occurrences are
not investigated and so the information available may not provide a complete account of
the actual associated level of risk. In conducting this data analysis, the research team
worked with the datasets available and made informed assumptions to identify incident
types with the highest risk for yard and trackside workers and the potential for wearable
technology to mitigate those risks. Key assumptions include the absence or presences
of yard and trackside workers and the notion that the technologies identified would work
as intended. Despite these assumptions, it should be noted that there is no way to know
whether an employee may have been positioned in close enough proximity to the
occurrence for the wearable technology to have made a difference. For example, a
derailment may occur where only 1 car comes off the rail (remaining upright) and could
occur in any position within a train of more than 100 cars. The probability that an
employee would be in proximity to that exact car at the precise time that it derails could
be extremely low. Additionally technology or procedures may be in place that can further
distance employees from equipment during different activities such as switching. While it
is not possible to account for all these potential variables given the data limitations, the
reader should recognize these limitations. Further field studies, including primary data
collection, observation of work practices and consultation with rail staff would be
required to validate these assumptions. Despite these limitations this analysis provides a
good starting point for identifying possible priority risks and potential mitigating
technologies.
FactorSafe Solutions reviewed rail occurrences in three phases using a combination of
self-guided research as well as research conducted with guidance from TSB’s
Macroanalysis team. The analysis was conducted on the 7843 occurrences listed on the
RODS database between January 1, 2015 and October 6, 2020. Although data provided
by TSB is publicly available, by collaborating with RODS experts from TSB, a more
efficient and effective approach to analysing relevant occurrence data was developed.
The TSB also provided data from the Safety Communications Tracking System (SCTS)
including summaries of investigation findings for a subset of occurrences within the
RODS database, where investigations were performed. This provided more insight into
the causes, contributing factors, and risk of investigated occurrences. In addition, the
TSB provided a spreadsheet of all RODS occurrences organized to highlight occurrence
details more relevant to this study. An overview of the number of occurrences in the
RODS can be found in Table 3.
Page 21 of 88

UNCLASSIFIED / NON CLASSIFIÉ

Table 3: Numbers of reported rail occurrences between 1/1/2015 and 10/6/2020

Class 1

Class 2

Class 3

Class 4

Class 5

Total

All reported occurrences

2

14

57

22

7748

7843

Off-train employee
injuries / fatalities

0

1

5

2

26

34

Investigated occurrences
(from SCTS)

0

7

41

1

0

49

** See Appendix A for definitions of Class 1 through 5 occurrences

The following sections describe in more detail the approach to the data analysis
conducted in five major steps:
1. A self-guided RODS database analysis with a focus on occurrences specified as
having resulted in injuries and/or fatalities suffered by off-train employees (see
section 3.1.1);
2. An analysis of investigation findings from the SCTS to benefit from the
summaries of findings from TSB-conducted occurrence investigations (see
section 3.1.2);
3. An analysis of “near misses” or “close calls” from the remaining occurrences
within the RODS database. These included occurrences where injuries or
fatalities to off-train employees were not specified and those that were not fully
investigated by the TSB and thus were not included in the findings found in the
SCTS (see section 3.1.3);
4. Prioritization of occurrence types for future research on the use of wearable
technologies to enhance the safety of yard and trackside workers (see section
3.1.4); and
5. A review of select TSB occurrence reports (section 3.1.5).
A list of relevant definitions can be found in APPENDIX A.

3.1.1.

Self-guided RODS database analysis

As a first step, the publicly available RODS database (available at:
https://www.tsb.gc.ca/eng/stats/rail/data-5.html) was downloaded on October 6, 2020.
The dataset comprises five tables in CSV format:






Occurrence
Train
Rolling stock
Injuries
Track and Rolling stock components

For this work, the tables of interest included the Occurrence table and the Injuries table.
The data in these tables was limited to occurrences from 2015 onward. The Injuries
table was then filtered to identify occurrences where there was either an injury (serious
or minor) or a fatality for off-train employees. This was identified as occurrences where
any of the following fields contained non-zero entries (i.e., one or more of the fields
contained a value greater than zero to indicate the number of off-train employees
experiencing an injury or fatality for that occurrence):


Offtrain_EmployeeFatal
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Offtrain_EmployeeSerious
Offtrain_EmployeeMinor

The “Summary” field for these occurrences was then reviewed to identify all instances
where wearable technology may have mitigated risk if the technology worked as
intended. Written by a TSB official assigned to the occurrence, the summary field is a
concise version of the description of the occurrence as provided by the reporting body.
Examples of two occurrences resulting in injuries can be found in Table 4. Based on the
summary of occurrence R19T0010, it was determined that a wearable could have
mitigated the outcome, while for occurrence R19W0092, it was determined that a
wearable device would not have been likely to mitigate the outcome.

Page 23 of 88

UNCLASSIFIED / NON CLASSIFIÉ

Table 4: Example of off-train employee injury occurrence summaries used for determining potential for
wearable mitigation
Occurrence #

Off-train
employee
fatal

Off-train
employee
serious

Off-train
employee
minor

Occurrence
summary

Wearable
mitigation

R19T0010

0

1

0

Engineering
Employee was
inspecting group
8 track in
MacMillan Yard
when belt-pack
assignment was
proceeding out
of the area. With
back to the
movement, the
employee
attempted to
jump out of the
way and was
struck by a
locomotive.
Employee
transported to
hospital with
non-life
threatening
injuries. Rail
operator officials
responding and
investigating.

YES:
A proximity
detection
system may
have provided
the engineering
employee with
appropriate
advanced
warning of the
approaching
locomotive, so
the employee
could vacate the
immediate
vicinity prior to
its arrival.

R19W0092

0

0

1

Train conductor,
while trading off
in Hubbard
siding, closed
the cab door of
unit on finger
causing a
laceration.
Employee
transported to
Melville hospital
for treatment of
minor injury.

NO:
As a class 5
occurrence, no
further
information was
available which
could point to a
reason for the
conductor to
have closed the
cab door on
their finger (e.g.,
some sort of
distraction).
Based on the
information
available, it is
unlikely that any
sort of wearable
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device could
have helped to
mitigate this
occurrence.

3.1.2.

Analysis of investigation findings from the SCTS

To supplement the data in the RODS database, TSB supplied data from the SCTS on
October 9, 2020. The SCTS “stores information on safety communications produced and
published by the TSB as part of the outcome of investigations and includes, for example,
the factors that were causal, contributory or determined to present a risk” (Gauthier,
Kruithof, Narlis, & Joliffe, 2019). The SCTS is a publicly available database through an
access to information request. The portion of the SCTS provided by the TSB for the
purpose of this study included summaries of the findings found in publicly available
investigation reports albeit in an organized, searchable format.
The findings were reviewed to identify occurrences where human factors issues were
determined to be contributing factors and where wearables may have mitigated risk. It
should be noted that the determination of where wearables may have mitigated the risk
are based on assumptions of the research team, and would be dependent on a number
of unknown factors, for example that the wearable system worked effectively and was
used as intended. Findings were cross-referenced against the main RODS database
review. Table 5 shows examples of occurrences from the SCTS findings spreadsheet
and how the more detailed information provided insight into how wearables could have
mitigated the outcome of the occurrence.
Table 5: Example findings from the SCTS with resulting considerations for wearable mitigation

Occurrence
#

Occurrence summary

Key finding(s)

Wearable mitigation

R16H0024

Train proceeding east
at 48 mph on the
Nemegos Sub. collided
with a Track Unit,
proceeding west at
Mile 118. Both
occupants of Track
Unit were able to
evacuate vehicle prior
to collision. No injuries.
Track Unit destroyed.
TSB investigators from
Gatineau have been
deployed.

If maintenance-of-way
employees who carry
out safety-critical tasks
or are in charge of
ensuring the safety of
employees working on
or near the track are not
subject to enhanced
medical requirements,
underlying medical
conditions, including
sleep disorders that
affect the safety
performance of
employees, can go
undetected, increasing
the risk of occurrences.

The occurrence summary
points to potential
mitigation via proximity
detection, however further
details found in the
findings summary of the
TSB provided SCTS
show that a fatigue
monitoring system could
also have provided
means of outcome
mitigation.

R18H0105

Train assignment,
proceeding west at
approx. 44 MPH in
Rule 42 limits with
permission, struck a
Unimat Tamper TU
that had moved foul of

The tamper operator
trainer was not aware
that the train was
approaching nor that the
tamping tools had been

These and other findings
point to the potential for a
proximity detection
system to mitigate these
types of occurrences.
Sensors on track units in
addition to workers could
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the South Track while
working on the North
Track. Two train
locomotives and 10
Intermodal railcars all
sustained damage to
safety appliances. No
injuries. No DG's
involved. Rail operator
officials responding.
TSB Investigators
deployed.

lifted to the horizontal
position and extended.
If safety-critical
information is not
disseminated effectively
to all railway
engineering employees,
these employees may
be unaware of changes
to safe working
practices, increasing the
risk that they will
inadvertently put
themselves in harm’s
way.

provide SA to
approaching train crews
and to trackside crews
that a unit is foul of the
track.

If appropriate memory
aids are not used to
keep track of people and
equipment during Rule
42 track protection, a
sub-foreman may
inadvertently forget to
check on an employee,
increasing the risk of an
occurrence.

3.1.2.1.

Fatigue related occurrences

A search was made for findings indicating fatigue or sleep deprivation as a potential
contributing factor and then assessing whether or not those occurrences involved yard
or trackside workers. It was necessary to exclude any occurrences related to metal or
track fatigue, rather than human fatigue (Rudin-Brown, Harris, & Rosberg, 2019).

3.1.3.

Analysis of “near misses” or “close calls”

In addition to situations where injuries/fatalities occurred and/or where findings were
available, it was also important to understand the prevalence of “near misses” or “close
calls” occurrences, where there were no injuries or fatalities, but the events that
transpired included a reportable occurrences where there was risk to yard or trackside
workers. From Table 3, it can be seen that 34 occurrences had reported off-train
employee injuries or fatalities and 49 occurrences had investigated findings summaries
in the SCTS. This resulted in 7760 occurrences to be analysed based on limited
information.
After further discussions with members of the TSB’s Macroanalysis team on extracting
relevant data from the RODS database, the TSB’s Macroanalysis team provided a data
set produced on November 2, 2020. This new spreadsheet included a streamlined
subset of relevant RODS data columns that pointed toward specific occurrence types,
track types, as well as the activities being conducted at the time of the occurrence. By
applying understanding of yard and trackside work, the researchers were able to break
the occurrences up into meaningful segments.
3.1.3.1.

Categorization of occurrences
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To identify where near misses or close calls occurred, the RODS database was filtered
according to the category labelled “Acc_Inc_Type” (i.e. Occurrence Type). This
produced several manageable groupings which enabled a rapid review of occurrence
summaries. As seen in Table 6, there were 25 occurrence types (including one with a
blank entry), with frequency in each ranging from 1 to 3551 occurrences reported.
Table 6: Occurrence type groupings

#

Occurrence type

1

Non-main-track derailment

3551

2

Crossing

882

3

Movement exceeds limits of authority

783

4

Non-main-track collision

547

5

Main-track derailment

472

6

Trespasser

373

7

Fire

299

8

R/S coll. with object

167

9

Collision involving track unit

150

10

Derailment involving track unit

137

11

Uncontrolled movement of R/S

86

12

Employee

60

13

R/S coll. damage without derail./coll.

56

14

Main-track switch in abnormal position

56

15

R/S coll. with abandoned vehicle

47

16

Unprotected overlap of authorities

32

17

R/S coll. With object (no derailment, no damage)

28

18

Main-track collision

26

19

Passenger

21

20

Crew member incapacitated

13

21

Signal less restrictive than required

10

22

Component Failure that affects safe operation of RS

5

23

DG Leaker

2

24

Blanks
Explosion

1
1

25

3.1.3.2.

Total occurrences

Analysis of non-main-track derailments

Breaking down the total occurrences into categories based on the Acc_Int_Type field
provided for a more directed approach to analysing RODS data for the potential of yard
and trackside worker presence. There were 3551 occurrences reported in the non-maintrack derailments category with only five designated as class 3 occurrences with
investigated findings from the SCTS, while the balance was class 5 (not investigated, so
no detailed findings available). None of the 3551 had any off-train employee injuries or
fatalities reported. Occurrence summaries of non-main-track derailments did not tend to
provide specific information as to the presence of yard or trackside workers (Table 7),
thus reading every occurrence summary was not an efficient approach for the analysis,
so a unique approach was taken for this category.
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Table 7: Examples of non-main-track derailment occurrence summaries

Occurrence #

Occurrence summary

R20D0075

Empty hopper car derailed one axle, upright on Taschereau yard track
CX05, mile 146.2 St Laurent Sub. No injuries. No DG involved.

R18W0210

Melville yard assignment was proceeding westward on the lead from the B
Yard towards track MR11, at a speed of 4MPH when the locomotive
derailed, upright after passing over the east MR11 switch. No injuries. No
leaks. Unit sustained minor damage.

R15T0208

Hostler at the diesel shop proceeding south on track D009 derailed the lead
axle at 2 to 3 mph. The left wheel had climbed the east rail before dropping
to the field side. The wheels on the lead axle had been recently turned. No
track damage. No damage to locomotive.

Based on the researchers’ interpretation of the literature describing yard and trackside
activities and environments, the non-main-track derailments category was further
subdivided using the “track_type” and “activity_type” fields. This subdivision of the data
allowed for a generalized likelihood of yard or trackside worker presence to be assigned
for each group and to highlight the potential risk and mitigation possibilities of wearable
technologies (Table 8).
Table 8: Non-main-track derailment subcategories

Non-main-track
derailment
subcategory #

Track type

Activity type

Likelihood of yard
or trackside
worker presence

1

Yard

Any

High

2

Other than
main or
yard

Inspection, maintenance, standing,
switching, switching coupling,
switching pulling, switching shoving,
switching spotting, uncontrolled,
unknown

High

3

Other than
main or
yard

Proceeding, proceeding accelerating,
proceeding decelerating, reversing,
reversing accelerating, reversing
decelerating

Low

Non-main-track derailment subcategories were then evaluated for the potential of
wearables to have helped mitigate the risk of the occurrence. Beyond the types of
wearable technologies discussed in the literature and market review (See section 2),
consideration was given to other sensors that could potentially be configured to
communicate with non-integrated wearables (e.g., smart watches, smart eyewear, etc.)
to provide enhanced SA to yard and trackside workers. Although not necessarily
commercially available, the intent for the exercise was also to identify ways in which
gaps in yard and trackside worker safety could be bridged through further research.
3.1.3.3.

Analysis of other categories
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For the rest of the occurrence type categories, occurrence summaries were reviewed in
detail. Within activity types, common elements could be found somewhat quickly to
enable the determination of the presence of yard and trackside workers. For example,
based on the review of multiple occurrence types in the category of “crossing”, it became
apparent these were generally due to a private vehicle striking or being struck by a
proceeding train. Another example was the “movement exceeds limits of authority”
category where occurrence summaries were explicit with respect to the presence of
trackside workers when applicable.
For every occurrence where the RODS occurrence summary specified that yard or
trackside workers were present or their presence was assumed based on the
occurrence type and the interpretation of the occurrence summary, based on our
understanding of how wearables could potentially be implemented, a determination was
made as to whether or not a wearable system could have helped to mitigate the safety
risk for the workers. In all cases where it was determined that a wearable could have
mitigated the risk, it was assumed that the wearable technology would work as intended
to ensure safe outcomes. It is important to note once again that there is no way to know
whether an employee may have been positioned in close enough proximity to an
occurrence to be injured or for the wearable technology to have mitigated risks. However
this analysis exercise helps to identify potential safety risks and mitigation.
Table 9 shows examples of occurrences with their occurrence type, summaries, the
assessments of yard or trackside worker presence, and if workers were present, would a
wearable system have helped.
Table 9: Occurrence summaries indicating presence or lack of yard/trackside workers and potential for risk
mitigation via wearable

Occurrence
#

Occurrenc
e type

Occurrence Summary

Yard/Track
side
worker
presence

Potential
mitigation
via
wearable

R20W0205

Crossing

Assignment was proceeding
Westward when a vehicle struck the
side of the train at Public crossing
equipped with SRCS+STOP signs,
mile 119.57 Broadview Sub. No
derailment. No injuries. No DG
involved.

No

No

R17T0109

Movement
exceeds
limits of
authority

Train, after reversing to set cars out
onto the Doncaster South Commuter
track, failed to clear signal 159D and
proceeded northward, light engine,
without authority. Rail operator
officials responding.

No

No

R15C0057

Movement
exceeds

Foreman had TOP to follow train
300-22 eastward from mile 19.2 of
the Mountain Sub. Foreman not call

Yes

Yes –
proximity
detection3

3

The potential use and mitigation via wearable technology would have been dependent on and subject to
a number of variables, including feasibility of having “detection sensors” in place across the rail network;
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limits of
authority

train to confirm its location. Started
putting hi-rail truck on track and
removed it in time when they heard
train coming. Actions exceeded the
limits of authority. No injuries. No
derailment.

R15V0143

Employee

Rail operator reports that
employee's finger was crushed while
making repairs to a freight car in
Prince George yard mile 462.4 of
the Prince George Sub. Employee
was taken to a local hospital where
he underwent surgery.

Yes

No

R20W0006

Non-maintrack
collision

Symington yard, mile 149.6 Sprague
Sub: The 2000 yard assignment
YWTS31-13 was in the process of
switching out the Symington
intermodal pad when cars on track
WI01 rolled out westward into
another assignment that was
making a move towards track WI03
derailing intermodal flatcar DTTX
723071 A-End truck, upright.
Sideswipe damage to intermodal
flatcars DTTX 726876 and DTTX
786806. No injuries. No DG
involved.

Yes

Yes – nonintegrated
combined
with
proximity
detection

3.1.4.

Prioritization of activity types for further research

For each, occurrence type in the Acc_Inc_Type field, by comparing the number of
occurrences where the researchers determined that the presence of yard or trackside
workers was expressly indicated or was assumed to the total number of occurrences for
the type, the likelihood of yard or trackside worker presence was coded as “high”,
“medium” or “low” according the following parameters:




Low: < 20%
Medium: >20% and < 50%
High: >50%

The same approach as above was applied to code the likelihood that a wearable could
mitigate the risk if it had worked as intended (i.e., number of occurrences where
trackside presence was indicated or assumed and that wearables could have mitigated
the risk if it had worked as intended compared to the total number of occurrences where
trackside presence was indicated or assumed).

proximity and speed of the train at the time the hi-rail was placed on the track; and location of the hi-rail
at the time when the train came into proximity of the hi-rail.
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Once this coding was complete, a list of occurrence types using the Acc_Inc_Types field
was compiled to show the priority risks for further study of the application of wearable
technologies to improve yard and trackside worker safety. Occurrencre types in the
Acc_Inc_Types field were included on this list if they fell within one of the green boxes
on the prioritization matrix found in Figure 2.
Likelihood of wearable
mitigating risk
High

Medium

High

Medium

Low

Likelihood of yard/ trackside
worker presence

Low

Figure 2: Prioritization matrix that compares the likelihood of yard/trackside workers being present vertically
and the likelihood of a wearable mitigating a risk horizontally. The green boxes indicate where a wearable
could have the greatest potential impact on improving safety, while the red indicate where a wearable could
potentially have the least impact.

3.1.5.

TSB occurrence report review

A limited subset of occurrences within these categories were selected as case studies
for more detailed review. Occurrences were selected based on indicated presence of
yard or trackside workers where investigation findings included human performance
related causes. For these occurrences, the full TSB report was downloaded and
reviewed.

3.2.

Results

This section provides a summary of the results from the RODS database review,
followed by a more detailed look at a selection of occurrences where wearables may
have been useful in mitigating risk. As previously stated it is important to highlight
limitations of the analysis. In considering these results it should be kept in mind that the
research team worked with the datasets available and made informed assumptions to
identify incident types with the highest risk for yard and trackside workers and the
potential for wearable technology to mitigate those risks. Key assumptions include the
absence or presences of yard and trackside workers and the notion that the
technologies identified would work as intended.

3.2.1.

Summary of RODS review
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Of the 7843 occurrences, it was determined that 4517, or 57.59% were either confirmed
to have yard/trackside worker presence or were assumed to have yard/trackside worker
presence based on the available data and knowledge of workflows and environments.
While efforts were made to distinguish between presences of yard or trackside workers
in the analysis outlined above, in some instances these are grouped together. Of the
4517 occurrences specified with confirmed or assumed yard/trackside worker presence,
4447, or 98.45% had risks which could have been mitigated to a certain degree through
the use of a wearable technology, assuming that the technology worked as intended.
Given the lack of detailed data for most of these occurrences, the degree of mitigation
wearable technologies may provide cannot be concluded at this point. Research to
provide more clarity on this issue is recommended in section 5.
The following occurrence types from the Acc_Inc_Types field were identified as possible
risk priorities recommended for future study since they all fell into the green areas found
in Figure 2:
1. Non-Main-Track Derailment
2. Non-main-track Collision
3. Movement Exceeds Limits of Authority
4. Collision involving track unit*
5. Derailment involving track unit*
6. Uncontrolled Movement of Rolling Stock
7. Employee
8. Unprotected Overlap of Authorities
9. DG Leaker
10. Rolling Stock Collision with Object
11. Crew Member Incapacitated
*

For the purposes of this study, operators of track units were considered as trackside workers.

Non-main-track derailments and collisions, and movement exceeds limits of authority are
the three most commonly reported occurrence types in the Acc_Inc_Type field
categories. The number of total occurrences, occurrences where trackside presence
was indicated (as per RODS or SCTS) or expected (as per researcher assumptions),
and those potentially mitigated using wearables was highly weighted toward the first
three on the list compared to the other eight (Figure 3).
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4000
3500

# of occurrences

3000
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1500
1000
500
0
Non-main-track derailment
Total Occurrences

Non-main-track collision
Trackside/yard worker presence

Movement exceeds limits of
authority

8 other categories

Potential for mitigation with wearables

Figure 3: Prioritized occurrence categories for mitigation through wearable technologies

3.2.1.1.

Fatigue related occurrences

The findings from the SCTC listed only eight occurrences specifying fatigue or sleep
deprivation as a possible contributing factor. Of those, two were related to yard of
trackside workers:
1. A collision involving a track unit, where the track unit operator was fatigued
(R16H0024); and
2. A yard worker who had incorrectly modified a switch position, which may have
been the result of fatigue (R17D0123).

3.2.2.

Case Studies

The following occurrences are intended as examples of situations where wearable
technologies may have reduced risk to off-train employees. These summaries were
created after reviewing the TSB investigation reports for the occurrences. It should be
noted that these are not meant to be a comprehensive review of applicable occurrences,
in fact, many applicable occurrences are classified as “Class 5” and no reports were
generated and information on these occurrences is limited.
R15T0245—Risk of Collision
In October 2015, VIA 65 passed a red flag and entered into work limits of Canadian
National Railway (CN) track workers near Whitby, Ontario.
The work crew had protection under Canadian Rail Operating Rules (CROR) Rule 42 on
both the North and South tracks. The foreman requested the Rule 42 protection from the
CN rail traffic controller (RTC) for the South track only and understood that passing
trains would use the North track. The RTC made an error in entering signal blocking, and
Page 33 of 88

UNCLASSIFIED / NON CLASSIFIÉ

the crew was working in an area before the signal blocking would route passing train
traffic to cross over to the North track. Despite a series of communications between the
train crew and the foreman, the foreman did not realize the train was routed onto the
South track where the crew and equipment were fouling the track. The train crew noticed
the maintenance equipment on the track and applied the brakes, stopping approximately
500 feet from the work crew and equipment. There were no injuries, derailments or track
damage.
The TSB report for this occurrence references the breakdown in SA, and how a CROR
Rule 42 foreman develops a mental model from various information sources. These
sources include radio transmissions, observation of the track, environmental conditions
and radio transmissions. The report notes that “when providing instructions to a
movement through CROR Rule 42 limits, decisions and actions greatly depend on the
foreman’s assessment and understanding of the operational situation.” The foreman in
this occurrence had an incorrect mental model of signal blocking protection provided and
did not change his mental model despite communications from the train crew. The
mental model of the train crew and the regulatory requirements caused them to believe
the RTC and foreman would ensure appropriate routing.
Findings as to risk identified communication protocol deficiencies and a lack of real-time
display tools for the Rule 42 foreman as factors that increased the risk of a train entering
work limits without adequate protection. The report specifically finds that “technology
such as proximity detection devices and advance warning devices, can be an effective
means to warn train crews and track workers that they are approaching one another”.
R17V0220—Main Track Collision with Track Equipment
In October 2017, Canadian Pacific Railway (CP) freight train 868-078 collided with a
backhoe equipped with a hi-rail car near Fraine, British Columbia (BC). The backhoe
operator was transported to hospital with serious injuries. The train crew members were
not injured. There was damage to the backhoe and the lead locomotive.
The train had requested permission to operate through the Rule 42 work limits from the
foreman. The permission was granted after the foreman contacted crew members under
his supervision, the sub-foreman and the supervisor and was told that everyone was
clear of the track. He could not visually confirm that the track was clear from his vantage
point. As the train approached, they observed the backhoe on the track and applied the
brakes but were unable to stop before striking the backhoe.
The backhoe operator heard via radio that a train was passing through the work area but
did not hear the track where the train was approaching and assumed, based on
observations earlier in the day that the train was on a different track. As the train
approached, he had disembarked from the backhoe, intending to observe the train as it
passed, leaving the backhoe on the track. Once he realized the backhoe was on the
same track as the train, he returned to the backhoe and attempted to move it to avert the
collision. However, he was unable to move the equipment before the collision.
Poor SA, incorrect mental models and reliance on working memory, rather than
appropriate memory aids, are identified as factors in the investigation report.
The investigation report does not specifically reference wearable technology as
mitigation that could have reduced risk in this case, however it does reference other
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occurrences where proximity detection or advance warning systems may have reduced
risk, including R15T0245 (described above), R16H0024 and R12V0008. In this case,
proximity detection or advanced warning systems would need to provide information
about the specific track which would be occupied in order to reduce risk.
R16T0111—Uncontrolled Movement of Railway Equipment
In June 2016, a CN remote control locomotive system yard assignment was performing
switching operations at the south end of CN's MacMillan Yard in Vaughan, Ontario. An
assignment helper attempted to stop an assignment of 74 cars in preparation to reverse
them. However, the assignment continued to move and rolled uncontrolled for about 3
miles, reaching speeds of up to 30 mph before stopping on its own. There were no
injuries.
The investigation found that the crew had made an error in not supplying air to the head
end cars, leaving insufficient brakes available to stop the motion of the heavy
assignment. The training and operational experience of the crew was found to be
insufficient for the work they were assigned. The report found that the foreman and RTC
took quick action to “protect the uncontrolled assignment minimized the risk of collision
and of a more serious outcome”.
The investigation report does not mention wearables such as proximity detection
systems, which are generally associated with a train pulled by a locomotive rather than a
cut of cars. In this case, the actions of staff were able to minimize risk, however a
proximity detection system could provide an additional layer of protection to workers in a
busy yard in the case of uncontrolled movement.

3.3.

Discussion

The review of the RODS database identified 25 occurrences where wearable technology
could have potentially prevented two fatalities, 13 serious injuries, and 13 minor injuries
to off-train employees if the technology had worked as intended. In addition to the
occurrences where injuries and fatalities were recorded, 4424 close-call occurrences
were identified where it is possible that wearable technology could have either mitigated
risk or enhanced human performance. As previously noted, the data limitations and
researcher assumptions previously highlighted should be taken into consideration when
interpreting these results. It should also be noted that three categories of wearables and
their ability to mitigate risks were generalized for the purpose of this exploratory study,
but further analysis would be required based on specific risk mitigation and the
functionalities of wearable devices. Taking a proactive approach to mitigating risk in high
priority categories could go a long way to preventing future injuries and fatalities given
the frequency with which those types of occurrences take place.
Given the sheer number of occurrences in the period under review and the lack of detail
available in the RODS occurrence summaries, determining the root causes of the vast
majority was not deemed feasible within the scope of this project. The prioritization of
occurrence types for future research was provided as an alternative, with the data
pointing to derailments and collisions not occurring on main tracks (i.e., yards, sidings,
customer tracks) and “movement exceeds limits of authority” as high priority categories
for further study on the use of wearables for risk mitigation. These categories of
occurrences found in the Acc_Inc_Type field occur in environments more generally
associated with yard and trackside work, where more complex train movements are
required.
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In the next section, these results will be validated through interviews with subject matter
experts and stakeholders.
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4. Expert Consultations
4.1.

Methods

This section presents the findings from consultations with ten rail subject matter experts
(SMEs) and/or researchers. The consultations were conducted with an aim to validate
the findings from previous sections, and uncover new information related to yard and
trackside worker risk factors and mitigation strategies. For the purposes of these
consultations SMEs were defined as individuals with field experience in yardwork and/or
trackside work, while researchers were individuals who conduct studies or investigations
into rail safety and/or technologies including, but not limited to wearables.
It should be noted that this consultation involved interviews with only a small sample of
researchers and SMEs. All information provided is based on their individual knowledge
and experiences and does not fully represent or reflect the facts or opinions of the
railway industry or individual railway companies.
This task included the development of a consultation framework/strategy, including
interview scripts, approved by TC and the Project Advisory Committee (PAC) for both
the consulted researchers (APPENDIX B) and the SMEs (APPENDIX C). Once the
interview scripts were developed and approved, FactorSafe Solutions worked with TC to
identify and schedule interviews with participants. Interviews were an hour in length and
were held via the Microsoft Teams video conferencing tool.
A FactorSafe Solutions team member facilitated the interviews and took notes. The
interviews were recorded for data analysis purposes only.
The results of the interviews were then analyzed for common trends and indications of
need for solutions to human performance issues with respect to operational safety in
yard and trackside work.

4.1.1.

Participants

Ten researchers or SMEs participated in the consultation. Table 10 provides, name of
the organization and a designation of researcher or SME for the purposes of the
consultation process for all participants. Names of individuals were not included for
anonymity.
Table 10: List of consultation participants

Organization

Researcher/SME

Transportation Safety Board of
Canada

Researcher

Transport Canada

Researcher

Transport Canada

SME

Metrolinx

SME

CMTIGroup Inc.

Researcher

Arup

Researcher

Australasian Centre for Rail
Innovation

Researcher
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CN

Researcher

CN

SME

CN

SME

4.2.

Results

This section provides the results of the consultation, including a summary of factors,
risks and considerations raised by the participants when describing the current
environment, organized according to applicable Performance Influencing Factors (PIFs).
A summary of potential mitigation strategies/technologies, challenges and opportunities
is also provided.

4.2.1.

Performance Influencing Factors

Consultation participants described several PIFs that contribute to risk and influence the
viability of wearable technologies for yard and trackside workers. PIFs are “the
characteristics of the job, the individual and the organization that influence human
performance. Optimising PIFs will reduce the likelihood of all types of human failure.”
(Health and Safety Executive, 2009). As summarized in Table 1 in section 2, PIFs can
relate to characteristics of the job, organization or person.
The following sections detail some key PIFs described by consultation participants,
according to the categories in Table 1.
4.2.1.1.

Person Factors

Fatigue is a well-documented issue across many industries. Participants identified
issues of work volume, long shifts and night work as factors that may contribute to
fatigue. One participant commented that individual sleep disorders combined with
challenging shift schedules have been identified as contributing to occurrences.
Fatigue is also closely tied to physical capability and condition. Workers may need to
maintain awareness and concentration for over eight hours when working alongside a
main line. The risk may be considered slightly lower in yard work, due to the fact that the
trains are moving more slowly in the yard.. Regulations, work-rest rules and guidance
related to managing fatigue are all used to mitigate fatigue effects.
Workers who are inexperienced, insufficiently trained or complacent may make
mistakes. Stress and morale were also identified as factors that adversely impact the
potential for human error.
When introducing new technologies, workers may or may not be motivated to adopt
equipment. They may accept the current level of risk as inherent to the job and be
resistant to change. If wearable technology is introduced, workers will need appropriate
training on the benefits of using the technology, and how to correctly and effectively use
the new equipment.
4.2.1.2.

Job Factors

Consultation participants described job factors and associated risks for yard and
trackside work. Both environments can be hazardous and high risk because of
movement of locomotives, rail cars and other heavy equipment and machinery. Both
yard and trackside workers may be working in all weather conditions, day and night.
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Visibility may be poor. Noise can be a factor in yard and trackside environments and
communication and warnings need to consider the signal to noise ratio. Neither yard nor
trackside environment currently have significant technology in place to monitor workers.
The work can be routine, which may lead to lack of vigilance. Rules and administrative
processes and procedures are used both in the yard and trackside as the main method
to mitigate risk.
Yard
Participants emphasized that yard work has potential to be complex. There may be
many tracks with changes in gradient and a complex layout, and movements of
equipment without notification—although usually the movement is relatively slow speed.
Older yards may not have a lot of space between adjacent tracks, making it dangerous
or impossible to ride on the outside of a car. There also may not be room to walk
between tracks without fouling an adjacent track. Workers may have to walk long
distances on uneven surfaces. After finishing work on a train, it may be difficult for
workers to get to a safe area. Participants noted that the level of alertness should be
high in the yard environment given the challenges discussed above. There may be time
pressure.
Communication with colleagues, supervisors, contractors and others was identified as
an important aspect of yard work. Some, but not all, information is provided via the Daily
Operating Bulletin (DOB) and red flag rules (red flags or signals are used for protection
of track work as per Rule 42 of the CROR), as well as other communication methods.
Protocol for communications may be different in the yard, as compared to the main line.
Participants identified that risk mitigation in the yard is largely accomplished via rule
compliance.
One participant provided an example of an occurrence in a yard, where, despite
extensive experience, a worker finished his tasks at night and stepped into the path of a
train. Another example was provided where a worker misaligned a switch and stepped
foul of an adjacent track. He was then struck by his own train, traveling on the “wrong”
track.
Trackside
When working trackside along a mainline, the movement is likely to be much faster than
in the yard. This increases the risk, especially in areas with multiple adjacent mainlines.
High speed trains may not be able to stop quickly enough, even if the train crew detects
workers or equipment fouling the track ahead.
As with the yard, communication was identified as an important factor. Rule 42 requires
communication between the train crews and the trackside foreman before breaching
their work limits. Trains may have to stop and wait for a response from the foreman.
Locomotive crews (i.e.: workers on-board locomotive who are operating it) may receive
information from the foreman or Rail Traffic Controller (RTC) about trackside workers,
but they may not have full awareness of the situation until it may be too late to stop.
Trackside workers will have an expectation that crews operating locomotives or
equipment will be “on the lookout” for workers.
Occurrences can also occur with the machines that are being used for trackside work,
(e.g.: excavators or other heavy duty vehicles). For example, collisions can occur when
a set of work machines are travelling in a line at slow speed and one machine ahead of
others stops without warning.
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The type of train control system that is in place, for example Centralized Traffic Control
and Occupancy Control Systems (OCS), will affect SA for an RTC when it comes to hirail vehicles or other maintenance vehicles that may be on the track. Current systems
are limited in terms of automation and they are not connected or integrated with the
trackside workers.
Reliance on radio communications with crews can also be problematic. For example, a
worker may read back instructions correctly over the radio, but still not apply the
instructions as expected (e.g.: because of distraction, fatigue, or time pressure). RTC
may have no way to confirm that the correct action has been taken, or the worker is in
the expected location.
Work crews are required to place a crew member in the role of Safety Watch. Rules
dictate that the person in this role will watch for trains and tell workers to move if needed.
However, the environment may limit the ability to set up an effective Safety Watch. For
example, forests, trees, bushes, curves and buildings may limit sightlines. Occurrences
may have higher cost consequences at the trackside than those in the yard. A
participant provided an example of a worker in a Safety Watch role, who decided to help
the work crew and took a shovel to help remove show. A train arrived undetected, but
the crew was able to get out of the way just in time.
The tools, machinery and equipment used in trackside work can contribute to risk.
Machinery such as an excavator may be difficult to quickly shut down and move aside.
Drivers must be aware of work zones along the main line. Radios may not be reliable
due to dead zones.
For both yard and trackside workers, participants identified a need for better warning or
monitoring systems to increase SA. Information on the location of equipment and
personnel was identified as a critical. Participants identified that there are existing
technologies that can be used to track the location of track or hi-rail equipment.
As with yard work, the main mitigation currently used to reduce risks is the collection of
rules that are intended to address all possible scenarios. However, rules that limit
authority are administrative and have no physical barrier to prevent occurrences. This
can be of particular issue for or solo workers operating in remote locations. It should be
noted that wearables also do not provide a physical barrier to occurrences but may
provide a warning.
4.2.1.3.

Organization Factors

Participants indicated that work is ongoing to build and improve a positive safety culture
in the rail industry. Progress has been made, but safety culture is a journey of
continuous improvement.
Traditional shift patterns may be challenging. Many factors need to be considered when
evaluating shiftwork from a fatigue perspective. New prescriptive work-rest rules (Duty
and Rest Period Rules for Operating Employees) have been approved (but are not yet in
effect at time of publication4) for locomotive engineers, conductors, trainmen, yardmen,
pilots, operators of remote control locomotives and operators of light rail passenger
equipment. . The rules require that the railway company develops a Fatigue
Management Plan (FMP) to manage the fatigue of operating employees. Other federally
4

https://tc.canada.ca/en/rail-transportation/operating-federal-railway/railway-employeework-rest-rules-medical-rules/duty-rest-period-rules-railway-operating-employees
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regulated railway employees’ hours are subject to requirements under the Canada
Labour Code, but some work groups are granted exemptions. Under the Safety
Management System regulation a railway company must have a method for scheduling
that takes fatigue science into consideration if employees are required to work according
to a schedule that (a) is not communicated to the employee at least 72 hours in
advance; (b) requires the employee to work beyond his or her normal work schedule; or
(c) requires the employee to work between midnight and 6:00 a.m. Many railway
companies also have mitigating measures in place to address fatigue risk.
While participants experienced concern that inexperienced workers may make mistakes,
they also commented that veteran staff can become complacent. The level and nature of
supervision and oversight can vary depending on the role, for example snow removal
workers may have little oversight.
The rail industry has a large body of rules that control activities. Feedback and changes
are not always implemented quickly. In accordance with the SMS (safety management
system) regulations and requirements under the Canada Labour Code, railway
companies must identify, assess and mitigate potential hazards or risks associated
within their operations. This includes changes to rules and new measures. In order to
apply due diligence and effectively consider risk, sufficient time, effort and consultation
must be devoted to potential changes.

4.2.2.

Mitigation Strategies to Reduce Risk for Yard and Trackside Workers

Consultation participants described several mitigation strategies that might be
considered for reducing risk in yard and trackside environments. These may be
technologies that already exist or are under development. Not all technologies described
fall under the category of wearables but certain devices could be integrated with
wearable technologies as part of any overall risk reduction system. Policy-based
mitigation strategies are also discussed.
4.2.2.1.

Policy-based mitigation strategies

Training
Participants commented that training for any new technology will need to be developed.
Worker recertification programs on specific systems were suggested to ensure workers
continue to perform error free after finishing initial training.
The use of wearable technology (for example augmented reality headsets) for the
explicit purpose of training was also suggested. Benefits might include:





Being able to virtually attend a class and participate in training together with other
participants from distributed locations.
Being able to further develop scenarios that are difficult to train for in the real
world (e.g. emergency scenarios, geo-hazards such as washouts)
Ability to adapt the curriculum to individual’s needs.
Making employees more confident when they finish their training.

Improving the approach to system design and system safety
System design and system safety processes are important factors in reducing risk
overall.
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One participant recommended system safety analyses and operational analyses as
steps to identifying risks and designing them out of a system. Participants discussed
making decisions on what to implement first by looking at existing safety targets and
identifying opportunities for improvement.
A participant discussed how they reviewed 10 years worth of RODS data relating to Rule
42 violations and found that providing prompting to on-train crews four to ten miles out of
upcoming work zones provided a lot of potential safety benefits. They observed based
on detailed reports of violations how this simple change could have a big impact.
Understanding the impact of the technology before “we outfit everyone with all kinds of
technology” is considered important.
Policies
Participants discussed how rules, and policies are important and save lives—although
some rules may not align with the rapid pace of technology evolution.
Within a yard, policies such as a regularly scheduled period of time to work on tracks or
locking out whole groups of tracks to reduce risk from adjacent tracks were suggested,
When beginning work and after breaks, a simple checklist could be used to help reconfirm safety (e.g., Am I on the right track? Do I have the right protections in place?).
Wearables could also be used to remind worker to take a break, at the safest
opportunity.
In both yard and trackside work environments, participants discussed the importance of
appropriate breaks to help combat fatigue. A wearable fatigue monitoring system should
not take the place of proactive policies and procedures ensuring that workers are not
over-fatigued in the first place.
4.2.2.2.

Technology-based mitigation strategies

On-train SA systems
To improve SA in the yard, participants suggest an interactive map that shows the
location of all workers. To begin, this could be used at the yardmaster level or by the ontrain locomotive crews (i.e.: workers on-board locomotive who are operating it).
On-train technology, such as Trip Optimizer now have “Rule 42” overlays that show
restrictions on work zones. This can be set to automatically cut throttle if a train enters a
work zone. Positive Train Control (PTC) and Enhanced Train Control could potentially be
implemented in a partial manner. For example, a rolling map could provide an alert when
a train comes within two miles of a work zone protected by Rule 42.
Remote workers/remote operation
Participants noted that the most effective way to reduce risk to workers may be to
remove the worker from the hazardous situation altogether, or at least minimize their
exposure. Remote operation of some equipment is possible with existing technology and
has been successfully implemented in other fields such as healthcare and aviation. One
participant commented that Caterpillar Inc. is investigating the development of a
backhoe for remote operations.
Drones with cameras can be used to complete inspections. A participant discussed a rail
operator’s implementation of an experimental automated track inspection program,
which uses automated trains to detect track failures. Other participants discussed a
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similar technology, which would then dispatch robots to do the actual track repair.
Existing automated inspection tools such as hotbox detectors were identified as good
safety measures that reduce risk.
Other technologies that remove the worker include, digital automatic coupling for status
of rail car or app-based systems, where a protection officer does not even have to go on
a track, they can lock the track out remotely through the press of a button.
With remote operation, the worker’s role could change to more of an oversight task to
monitor remote operations.
Yard Design
Participants discussed how the design of yards could contribute to a safer work
environment. An example was provided of a yard in Montreal, where some tracks were
gradually removed, allowing more space for vehicles to fit down a roadway.
At another yard in Montreal, all switches are outside of tracks, so they are easily
accessible, and employees spend less time in close proximity to equipment.
Although many hump yards have been eliminated in recent years, their inherent design
is actually beneficial to yard worker safety. Due to the use of gravity to move cars
around, minimal switching is required, thus removing employees from some of the higher
risk situations. Although there is the potential for uncontrolled movements in this
situation.
Solutions from other industries
Participants discussed safety solutions from other industries that may be applicable to
the rail industry, if appropriately tuned to the environment.
Participants described how an investigation of a technology by Garmin that is intended
for use by cyclists could be applicable to the rail environment. The device uses a radar
worn on the back between the user’s shoulder blades to detect objects coming from the
rear (normally placed on the seatpost of a bicycle). Since it is meant to double as a
taillight, the radar incorporates a red light, which provided the added benefit of improving
the visibility of yard workers. The radar communicates with a wrist mountable indicator
unit to provide SA to the user of approaching vehicles. A pilot study was conducted in
the yard with a mechanical employee and although the system effectively detected
objects coming from the rear, it also resulted in many false positives.
One participant described how mining companies can monitor location of equipment and
workers to warn them of proximity. Mining has limited space to monitor compared to rail,
but this technology could be valuable in yards if it can be tailored for the rail
environment.
One participant commented how fatigue monitoring technology has worked well in the
mining industry. Drones connected to wearables or other technology have worked well
for inspection tasks in military and other industries.
Proximity Detection
Proximity detection systems are perhaps the wearable technology with the most
potential for reducing risk.
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Participants described several examples of how this has been, or could be,
implemented.
One participant described a Swiss PD system that provides indication of direction of train
travel (approaching or departing) to improve SA.
Smartvest PD systems integrate LEDs which shows colours depending on the risk. This
device, as well as Smartboots could be useful technologies in that it takes something
workers are already wearing (vests and boots) and integrates PD technology.
Existing train-based systems use GPS to communicate to a sensor at a work site.
Automatic track warning system (ATWS) was described as reliable, but complex.
A participant described a trial recently completed with the Zoneguard. This is a device
that is set at the end of a work zone limits and the flagman has a device that it is paired
with. It gives an audio warning when the work zone limits are breached. This worked
very well in trials.
A participant described how they had recently evaluated presentations from seven
organizations offering proximity detection systems to rail operators using varying
approaches. Two presentations were based on locomotive equipment. This was
considered too complex because all locomotives would have to be equipped with the
technology, and this is challenging when dealing with multiple stakeholders and railways.
On-rail equipment which used train vibration to send signals to wearables were
discussed, however only one system recognized the direction of train travel. Other
devices would use vibration to notify the wearer if a train was approaching or leaving,
however it was determined that this would not provide adequate SA to the worker. The
wearable device can be implemented so that one person has the wearable, and as with
Safety Watch, the responsibility to alert others, conversely, all workers can be equipped
with the wearable. It was reported that PNR, a track maintenance company, plans to
conduct a pilot program with one of the proximity detection systems some time in 2021.
Physical Well-being
Participants discussed how wearables such as exoskeletons can be used as assistive
tools to help with physical work. These devices can provide support in various ways (i.e.,
heavy lifting support, calf support only). A participant commented that an exoskeleton for
rail mechanical employees has been used in a Société Nationale des chemins de fer
Français (SNCF) trial in France.
Other wearables can integrate capabilities such as fall detection or panic buttons.
Smartwatches can be used to collect data such as heart rate to evaluate the
performance and effectiveness of other wearables (e.g. exoskeletons).
A participant described how eye tracker devices have been used to investigate station
navigation for slip and fall hazards. This application might be useful for investigating
trackside and yard tasks.
Operational Situation Awareness
Participants identified several technologies that they feel could be used to improve
operational SA.
Augmented reality (AR) wearables have many applications including integrated
workflow, checklists, and rules lookup. It can be used to provide identification
information about a train or piece of equipment.
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AR headsets can be integrated for workers such as track inspectors to do automatic
defect detection. Realwear is a popular AR headset brand that is ruggedized for cold
environments.
“Over the shoulder” emergency assist AR can be used to share visual information with
someone offsite (for example a supervisor) to get their opinion on a situation, and draw
on a shared image, hands-free with voice-enabled technology.

4.2.3.

Challenges

The consultation participants described several potential challenges for wearable
technology:
Trust/buy-in of the technology
Workers may be resistant to new technology, especially if it is not sufficiently reliable,
and/or they do not trust that it will actually improve safety. Buy-in needs to come from all
levels of employees, from management to workers. Buy-in may be improved if end users
are involved in the change process.
Introducing new technology and associated rules may face pushback from employees
who feel they are being watched by management.
Union/worker concerns
There may be a lack of trust between unionized workers and management. Workers
may fear losing their jobs to automation. Wearables that monitor physiological
information, such as fatigue may not be well-accepted.
Reliability/accuracy of the technology
A challenge is how to provide this information to the yard or trackside workers in an
effective way that is compatible with existing systems. Systems should be accurate,
reliable, safe and well-integrated with each other. They should provide a failsafe design,
so that users are not making decisions using unreliable data (for example if a battery is
low or GPS signal is poor). It should be noted that the majority of wearable technology
described in this report does not currently provide reliable failsafes, but rather could
provide an additional layer of safety if the technology is reliable and accurate.
Technology will need to be as assessed and validated for reliability to ensure that it is as
safe as, or safer than current practices before changes to rules can be made.
Participants identified several reliability concerns that should be considered. Examples
included, battery life, false alarms, equipment sensitivity and GPS data accuracy,
especially in yard environments where they may be a lot of movements in a relatively
confined space.
Environment/ Job factors
The demanding environment in the yard and trackside is a challenge when implementing
new technology. Noise and vibration from the work environment may lead to missed
warning signals and alarms. The type of warning system will need to be appropriate for
the work site, which may be a quiet neighbourhood or a noisy yard.
The same environmental factors that impact human performance (temperature,
precipitation, varying light levels) will also impact wearables. For example, batteries may
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not last as long in cold temperatures and screens may be less visible in bright sunlight
conditions. All devices should be ruggedized.
The yard environment can be quite complex, and occurrences can be difficult to prevent
and predict. Existing systems and infrastructure may be old and out of date. Rail cars
themselves do not have sensor technology that can be used with wearables.
For trackside work, there are many areas without cellular coverage or any
telecommunications infrastructure. Remote locations may need repeaters for
communication technologies.
Cost
Participants commented that cost is a potential barrier to implementing new
technologies. There may be a lack of willingness to spend, not just on the technology
itself, but also a lack of willingness to invest money to test concepts. For short term
projects in particular, such as a pilot program that had been conducted by a Canadian
rail operator which had proposed to test a proximity detection system, the cost of current
available products may prove to be prohibitive. At the very least, such expenditures
could require longer term pre-planning to ensure adequate funds are made available.
It can be difficult to push change that has a high capital expenditure, if it is only seen as
mitigating risks associated with close calls, near misses, and other types of occurrences
not investigated by the TSB, even though these types of occurrences could lead to
serious incidents. It should also be noted that investments in technology are generally
prioritized to deliver the highest safety benefit and it is not feasible or reasonable for all
technology to be tested.
Perceptions of Risk
It may be difficult to convince management and workers alike that there is even a need
to reduce risk. People may have been working in the rail industry for years and perceive
that the rules provide adequate safety measures. Uptake of a device can be poor if
workers do not feel that carrying around extra technology is worth it, or that it gets in the
way of their work.
Organizational factors
There may be resistance to change at the organizational level as well. An effective
technology implementation requires a master strategy and change management
approach. Executives and senior management may need to lead by example and use
and wear devices as well.
Additionally, there may be operational issues as workers adjust to technology. For
example, if GPS technology is used to prevent movement on a track the parameters and
behaviours will have to be determined so that movement is not prevented unnecessarily.
Device Management
Device management can also be a challenge. Procedures will need to be in place for
battery recharging and replacement.
Content management platforms should also be considered to ensure that devices
always contain the most recent rules and safety information.
Training
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Designing appropriate training and ensuring competency for the new technology may be
a challenge. In addition to its proper use, training should include education on the
benefits of any technology introduced.
If wearables such as VR headsets are used for training itself, they may be challenging to
get used to. Nausea, dizziness, disorientation and a number of other motion-sickness
related symptoms are common with VR headsets.
Person Factors
Alerts will need to be especially salient due to the potentially challenging environmental
conditions and the potential for workers to be fatigued. Even with the right technologies,
there could still be occurrences where employee puts themselves in an unsafe situation
(all the mitigations break down)
Rules and Regulations
Participants commented that implementing wearables may require updates to both
railway operating rules and regulations and organization-level policies.
Safe-working rule updates may be needed for wearable implementation. If GPS
beaconing is used to determine location there will need to be clear industry guidance on
beaconing workers vs. beaconing assets.
The requirement to use a wearable will likely need to be a rule that is mandated by the
railways and not the regulators.
Over-reliance on technology
Participants identified a risk of over-reliance on technology. If workers become
dependent on a wearable to notify them of their own location or the location of others,
and there is a sudden data failure, the worker could be in dangerous situation with
reduced SA.
Knowing the location of workers is also not sufficient in and of itself in reducing risk.
Workers would still need to take actions to reduce the likelihood of occurrences.
One participant provided an example from the aviation industry. Aircraft have technology
called Traffic Collision Avoidance Systems (TCAS) which communicates with pilots to
take evasive action if two aircraft are approaching a mid-air collision. There have been
cases where TCAS systems have malfunctioned and provided incorrect information to
pilots, effectively causing a mid-air collision.
There is a risk of a safety system actually causing an occurrence—in the case of a
wearable, this could involve the technology telling the worker to move to a location that
results in injury. This indicates that the wearable will need to have high reliability,
availability and maintainability.
Design/integration strategy
Participants identified a need for safety to be designed into systems, before occurrences
happen, at the very beginning of the initiatives. It is critical to understand the risks that
need to be mitigated and the use environment where the risks occur before deciding on
solutions.
The process for implementing new technology needs to include stakeholders with
knowledge from all areas, including engineering, electromagnetic compatibility, human
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factors, operations, and security. Participants recommended a user-centred design
approach that involves the final user of any system (i.e. the yard or trackside worker) in
determining the challenges. Defining the scope and boundaries for technology
implementations and mapping out interventions system-wide was recommended.
Proper change management is necessary, including embedding workforce consultation
from the very beginning, in developing, and testing concepts. End-user feedback is
necessary for implementation but organizing and getting permission to test systems can
be challenging. This can be even more difficult trackside than in the yard environment.
Overall, the requirements need to be considered as part of a holistic system, including
device management, content management, and equipment management.
One participant recommended starting with track protection and communication when
there is a live track as a priority and working from there. Prioritizing which capability to
support first and ensuring subsequent technologies can be integrated also presents a
challenge. No one solution might meet all the requirements, and even simple tools such
as, lighting, fall detection and gas detection are hard to find integrated into one piece.
With any technology, the form factor needs to be acceptable, so that the wearable does
not get in the way of the work. Wearability was identified as a key factor for any new
technology. Participants commented that systems should be modular and not tied to one
particular device. A suite of several different wearable devices would not be acceptable
due to the added complexity.
If technologies are used to impact locations and permissions for worksites, they will need
to need to be integrated with management both from yard/trackside and on-train crews.
Integrating technology without losing the benefits of existing systems, can also present a
challenge. Without a completely intelligent (i.e., connected and technology enabled)
environment, the maximum benefit of wearables will not be achieved. Decisions need to
be made on how and where to deploy technology (i.e., on employees, equipment, rolling
stock, track containers etc.) and should take a risk-based approach that identifies the
highest risk occurrence types and greatest benefit for a wearable device.
Research data reliability
Previous tasks involved with this research study were described to the consultation
participants, including the analysis of RODS data in section 3. It was pointed out that
although valuable, the conclusions drawn from analysis of RODS data could vary
depending on the methodology used given the wide variety of requirements for an
occurrence to be reported to the TSB (Government of Canada, 2018). Most of the
occurrences are not investigated and so the information available may not provide a
clear indication as to the actual associated level of risk.

4.2.4.

Opportunities

Along with challenges, participants identified several opportunities with wearables.
These are described in the following sections.
Known benefits of Improved SA
There are known benefits of wearables in improving SA for workers. Wearable
technology exists that can alert workers well in advance of an approaching train.
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Workers could get visual or audio reminder of adjoining tracks that are live. For example,
if a worker gets too close to adjoining track, he could receive a warning on his wearable.
Alerts could also be schedule-based. For example, if a worker attempts to access a track
outside of scheduled maintenance time, a warning could be generated.
Proven in Other Industries
Participants discussed how technology has been used effectively in other industries.
One participant commented how fatigue monitoring technology has worked well in the
mining industry. Drones connected to wearables or other technology have worked well
for inspection tasks in military and other industries.
Flexibility in System Design
Participants discussed taking the opportunity to maintain system flexibility, when
introducing wearables.
For example, the risk of missing wearable warning signals could be mitigated by
implementing a combination of vibration, audio and visual systems.
At complex sites with complex layouts, where workers may have to cross 10 or more
sets of tracks (e.g., Union Station in Toronto), a lighting system at either end could be
connected into the wearable system.
While existing railway rules may limit how technology can be implemented, railways can
begin by implementing technology within today’s rules, and remain flexible to
experimenting with technology, which may require revisions to rules.
Existing technology can be leveraged to work with new wearables. For example, road
supervisors may already have GPS locators in their Toughbook computers (a
ruggedized laptop) that can be leveraged. Signals are already sent to locomotives from
beltpacks (locomotive remote-control systems), this technology could also be used to
automatically stop a locomotive if additional information from wearables is available.
Rail Industry Motivation to Improve Safety
Participants indicated that at the executive management level the rail industry is very
motivated to improve safety. They felt that if a technology can be shown to positively
improve safety, that buy-in would not be difficult.
TC stakeholders stated that while wearable use could be regulated, given the safety
benefit, wearable use would probably be driven by the railways.
Participants expected that in the future, a wearable would be seen as a normal piece of
personal protective equipment that a worker would gather before starting work along
with their safety helmet and glasses.
Mitigation of Cost Concerns
Participant commented that cost concerns could be mitigated by planning
implementations strategically over a longer term.
Moving away from purchasing several different new pieces of technology and towards
integrating everything into one device (e.g., a smartphone or similar) can help mitigate
cost concerns.
Page 49 of 88

UNCLASSIFIED / NON CLASSIFIÉ

There is an opportunity to integrate wearables to be used trackside into other systems
(e.g. fall arrest systems). This can also reduce cost.
Design Strategy
Participants identified how using a user-centred design approach with front-line workers
can “take them on the journey” to implement technology effectively. Front-line workers
can be involved in requirement definition, focus groups, usability testing and technology
research/experiments.

4.3.

Discussion

The consultation provided data from a range of SME and researcher stakeholders
whose backgrounds allowed for varied points of view. Many of the themes identified in
the results section of this report validate findings from previous tasks, while other themes
highlight new information.
It should be noted that this consultation involved interviews with only a small sample of
researchers and SMEs. All information provided is based on their individual knowledge
and experiences and does not fully represent or reflect the facts or opinions of the
railway industry or individual railway companies.
Key issues for consideration are that whether in the yard or at trackside, workers are
highly vulnerable. Work environments are complex with a wide variety hazards that can
affect their performance and impact their overall safety. Although various mitigations are
currently in place, many of them are rule based, which may not be the most effective
means of reducing risk, given the nature of the PIFs. Wearable technologies of various
types are viewed as having potential to improve operational safety and efficiency, as
long as they are designed to meet the needs of the user, the environment, and the tasks.
As the next step, the results of the consultations were used to validate and augment the
data collected in the previous phases of this project. The following section synthesises
the data from sections 2, 3, and 4 and providing recommendations for next steps.
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5. Data Synthesis
5.1.

Methods

This section provides a summary of all project activities, discusses how wearables may
be used to reduce risk for yard and trackside workers based on the information
uncovered through project activities, and provides recommendations for future research.

5.2.

Results

Based on the review of the RODS database, a set of eleven occurrence types (labelled
as Acc_Inc_Types in the database) were identified as recommended priorities for future
study. Table 11 lists the occurrence types, the environment in which this occurrence
type is most likely to present safety hazards for workers (yard, trackside or both) and the
general category of wearables which may reduce risk. The list is in order of priority
based first on the prioritization matrix found in Figure 2 and then by the number of
occurrences with the potential for risk mitigation via a wearable. As previously stated, in
conducting the data analysis, the research team worked with the datasets available and
made informed assumptions to identify incident types with the highest risk for yard and
trackside workers and the potential for wearable technology to mitigate those risks. Key
assumptions include the absence or presences of yard and trackside workers and the
notion that the technologies identified would work as intended. For details of wearable
technology categories, refer to section 2.2.3.2.
Table 11: Occurrences, environments and wearables, in order of risk priority
Occurrence Type

Applicable
Environment

Category of wearable
technologies which may
reduce risk
Proximity detection
Non-integrated sensors

Non-main-track Derailment

Yard

Non-main-track Collision

Yard

Proximity detection

Movement Exceeds Limits of Authority

Trackside

Proximity detection
Head-mounted or hand-held
systems to allow shared views

Collision involving track unit

Both

Proximity detection

Derailment involving track unit

Both

Proximity detection
Non-integrated sensors

Uncontrolled Movement of Rolling Stock

Yard

Proximity detection

Employee

Both

Smartwatches
Fatigue Monitoring Systems
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Unprotected Overlap of Authorities

Trackside

Proximity detection

DG Leaker

Yard

Sensors

Rolling Stock Collision with Object

Yard

Proximity detection

Crew Member Incapacitated

Both

Smartwatches
Fatigue Monitoring Systems

Each occurrence type was reviewed, considering the information gathered from the
literature review, technology review, RODS analysis, and consultation to identify the
applicable performance influencing factors (PIFs), wearable types which have potential
to reduce risk, and potential research areas. From this review, a program of research is
recommended for consideration.

5.2.1.

Research Framework

The overall approach should begin with defining the scope and boundaries for
technology implementations and mapping out potential interventions system-wide. A
risk-based approach, which highlights the highest risk occurrences and the potential
systems for mitigating risk with the highest safety benefits should be considered to help
prioritize research. It is critical to understand the risks that are being mitigated and the
use environment before deciding on solutions. The prioritization of research should also
consider this research relative to addressing other known hazards or risks, including the
potential overall safety benefit of the research to the operations, the employees, the
public and the environment.
Proper change management is necessary, including embedding workforce consultation
from the beginning, in developing, and testing concepts. Overall, the requirements need
to be considered as part of a holistic system, including device/equipment management
and content management.
To achieve these goals, a research framework is described two phases: Foundational
Research and Technology Studies. Foundational research consists of Cognitive Task
Analyses (CTA). Within Technology Studies, Pilot Studies, Field Trials and Post
Implementation Reviews are recommended (see Figure 2). Where possible, research
should strive for a balance of quantitative data and measures to balance subjective
evaluation techniques. Each step is described in the following sections.
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Figure 4: Research Framework

5.2.2.

Foundational Research

Consultation participants emphasized the need for an integrated, user-centred approach
to wearables research. This research can be used to create foundational requirements
for wearable technology implementations. The foundational requirements should
consider cognitive processes such as managing attention, managing uncertainty and
detecting problems among others. CTA allows for systematic examination of these
processes and can be used to understand cognitive performance. CTA methods ensure
that a system developed will be useful, usable, and understandable.
The process for implementing new technology needs to include stakeholders with
knowledge from all areas, including engineering, electromagnetic compatibility, human
factors, operations, and security. A user-centred design approach that involves the end
user of any system (i.e., the yard or trackside worker as well as those who will be
responsible for device and content management) is recommended. Hazards and
potential safety risks associated with the technology under consideration must also be
assessed.
The literature review identified an extensive body of Federal Railroad Administration
(FRA)-sponsored research in this area from the United States Department of
Transportation (US DOT).
In addition to job analyses, the US DOT has conducted a series of FRA-sponsored
CTAs for railway workers including train crews and trackside workers. While job
analyses provide a description of the physical and environmental aspects of specific
jobs, CTAs can provide a deeper insight into the cognitive factors. Specifically, the
results of a CTA can reveal
1. “the factors that contribute to cognitive performance difficulty (e.g.: the need for
sustained vigilance, time pressure, information overload etc…);
2. the knowledge and skills expert practitioners have developed to cope with task
demands; and,
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3. opportunities to improve individual and team cognitive performance in a domain
through new forms of training, user interfaces, or decision aids.” (Roth E. , 2011)
An example of a foundational requirement from the US DOT CTAs is:
Mode presentation should depend on the nature of communication. “Messages
involving detailed instruction and precise location information are best communicated via
private channel with the information presented visually, whereas messages that involve
alerts to hazards on the track are more appropriately communicated on a broadcast
channel.” (Roth E. , 2011)
The US DOT CTAs can be leveraged as a starting point as further research on
wearables for yard and trackside workers is considered. However, the Canadian rail
environment has some important differences—including the CRORs, SMS regulations
and different technologies that have been implemented. For this reason, Canadianspecific CTAs and risk analyses are recommended.
The general approach to a CTA involves meeting with end users (i.e., yard workers and
trackside workers) of varying experience levels for data collection activities including
“incident accounts, case histories, examples, in-situ observations and cognitively
authentic simulations that ground people’s reports about cognition in lived experience
and actual behavior in the operational context” (U.S. Department of Transportation,
Federal Railroad Administration, 2019). On-site observations of the operational context
(while necessary) are insufficient sources of cognitive performance data. Therefore,
simulations help to find out what subjects are noticing, what information they seek and
what they ignore, and what leads them to a particular set of actions. Other end-user
groups that are part of the operational envelope including on-train crews, supervisors
and RTC, should also be included to ensure a holistic approach.
There are several CTA methods which have been used in high-risk settings, including
rail operations (Crandall, Klein, & Hoffman, 2006; Hoffman, Crandall, & Shadbolt, 1998;
Militello & Hutton, 1998). All CTA methods systematically examine and document
cognitive processes (e.g. decision making, detecting problems, managing attentional
demands).
The results of CTAs can be used to create a list of risks that should be mitigated and
requirements that will meet the needs of yard and trackside workers. These
requirements can then be mapped onto specific features that should be included for
wearables (or other) technology. These technologies should then be further evaluated
with end users as described in section 5.2.3.
As identified in the consultation, one challenge is determining which capability or
technology to prioritize. The potential for a technology to reduce risk should be used as
the primary attribute when prioritizing the technology for potential implementation. This
could involve identifying the occurrences with the highest risk, but other factors such as
stakeholder priorities, technology readiness, viability and cost should also be
considered. Ensuring scalability so that a system can be deployed throughout a work
environment consistently also needs to be addressed.
By using the results of the CTAs and working collaboratively with stakeholders these
priorities can be developed along with strategies for testing and deployment in the near
and long term.
For all potential wearable technologies, a Human Factors Risk Analysis (HFRA) should
be conducted, including a hierarchical task analysis (HTA) and a Hazard Identification
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and Risk Assessment. In an HTA, existing workflows and associated tasks for yard and
trackside workers can be analyzed. A task inventory is created, listing all relevant tasks,
identifying those tasks critical for safe and efficient completion of duties. Task
hierarchies (i.e., order of related tasks conducted to achieve a specific goal) are
analysed based on assessed level of safety criticality. Only the most critical tasks should
be analysed in full (i.e., complete detailing of every step required to achieve the goal),
while those deemed to have medium or low levels of criticality should be analysed to
decreasing depths (Health and Safety Executive [HSE], July 2000).
The results of the HTA should provide a clear picture of the current state workflows and
environment, as well as where changes will occur in the future state if new wearable
technologies are introduced. These results will show potential hazards that could lead to
reduced levels of human performance, thus introducing risk to the system. As seen in
Figure 5, taking human factors into account in any proposed technical improvements
and SMS already in place, results in reduced accident rates.

Figure 5: Successive approaches to industrial safety (Deniellou, Simard, & Boissieres, 2010)

After hazards are identified and the types of risks associated with the hazards have been
qualitatively determined, a quantitative measure of the level of risk can be assessed and
validated with end users and stakeholders. This data can be used to review the
assessed qualitative values and feasibility of proposed wearable technologies.

5.2.3.

Technology Evaluations

It is recommended that foundational, CTA-based studies be completed before spending
significant resources investigating any one technology. Nevertheless, the literature
review, technology review, RODS review and consultations have allowed us to identify a
preliminary list of high-risk situations where wearables have potential to reduce risk and
a generalized categorization of wearable types that could be suitable to each situation
(see Table 11), with careful consideration to data and analysis limitations highlighted
throughout the report. While this list will continue to evolve as a result of foundational
studies and ongoing technology development, it provides an initial list of technology to
consider and investigate further. This list includes:
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Commercial off-the-shelf (COTS) proximity detection systems (comparative
evaluations of various options, such as wearable vests, light-based notification
systems, app-based systems)
SA Information sharing systems. These may include head and/or wrist-mounted
displays, augmented-reality displays, hand-held screens for yard and trackside
workers and screen-based systems for RTC, on-train crews, foremen and
yardmasters. These may be used to allow the user to see the location of workers
and trains, or for workers to share a view with a co-worker or manager. These
systems could provide the added benefit of providing automated reports, tracking
data trends, and aiding in occurrence investigations.
Fatigue monitoring systems
Fall detection
Physiological monitoring systems (e.g., smartwatches)
Exoskeletons

5.2.3.1.

Pilot Studies

For each of these technologies, evaluations can begin with pilot studies. These studies
would involve a small number of representative end users (5 to 7) yard workers or
trackside workers) completing representative tasks using the technology, ideally in a
representative setting (e.g., in a yard). If possible, participants should receive
representative training on the use of the wearable technology before any study. Risk
assessments for use of new wearable technology must also be required before carrying
out pilot studies to avoid any potential safety issues that may derive from the deployment
of new technology.
Based on the literature review and consultations, data collection should be designed to
evaluate the impact of the technology on PIFs. As described in the literature review (see
Section 2.2.2), PIFs are “the characteristics of the job, the individual and the
organisation that influence human performance. Optimising PIFs will reduce the
likelihood of all types of human failure.” (Health and Safety Executive, 2009). PIFs can
relate to Person, Job or Organizational factors.
Concurrent to the HF evaluation related to PIFs, safety evaluations can be conducted to
ensure compliance with SMS requirements.
Table 12 lists the proposed data collection approaches for Pilot studies and the
applicable PIF category. Potential methods to collect this data are provided in Section
5.2.3.4.
Table 12: Data collection for Pilot Studies

Data Collection

Applicable PIF

Subjective evaluations of usability and
acceptability

Job Factors

Quantitative task performance
measurements (e.g. task times, error
rates)

Job Factors

SA

Person Factors

Workload measures

Person Factors
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Trust in technology measures (e.g.:
perception surveys)

Person Factors

Wearability measures

Person Factors

5.2.3.2.

Larger field trials

As promising technologies are identified via pilot studies, larger field trials or prolonged
use investigations may be appropriate. This involves rolling out technology on a trial
basis to larger groups of workers (e.g., all workers in a specific yard or trackside crew)
for a period ranging from one shift to several months, while carefully considering how
workers may come to rely on new technology. Participants should receive representative
training before any study. This process may be iterative and use staged releases to grow
the study as time and budget allows, or as required for greater coverage/data validity. In
these studies, data collection would include re-measuring using the same tools as the
pilot studies and collecting data as listed in Table 13.
Table 13: Data collection for larger field trials

Data Collection

Applicable PIF

Evaluations in various weather, light
conditions, noise, uneven surfaces, etc.

Job Factors

Controlled Evaluations with physical tasks

Job Factors

Fatigue

Organizational Factors, Person Factors

Teamwork and communications

Organizational Factors

Evaluation of content and
equipment/device management
approaches.

Organizational Factors

5.2.3.3.

Post implementation research

Finally, for any wearable technology that is implemented, studies should be conducted to
review the impact of the technology over time. This could include conducting surveybased evaluations of acceptability with end-users. A review of the impact of any
implementation on occurrences over time is also recommended.
5.2.3.4.

Data collection methods and measures

This section explains measures which may be included in pilot studies or larger
evaluations. It provides a brief overview of each measure and examples of tools that can
be used in data collection.
Subjective evaluations of usability
Interfaces that are difficult to use, unfamiliar to the user or do not match employee’s
mental model can lead to frustration, poor performance, dissatisfaction and poor uptake.
Interfaces that are difficult to use could also create safety risks rather than improve
safety. Subjective evaluations of usability can be collected using questionnaire-based
approaches, such as the System Usability Scale (SUS) (Brooke, 1986). This can be
used to gather data about effectiveness, efficiency and satisfaction with the technology.
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Quantitative task performance measurements (e.g. task times, error rates)
Quantitative measures can be used to evaluate a technology’s impact on task
performance as compared to the existing environment (the safety baseline) or other
potential technologies. Examples of quantitative measures could be task times or error
rates. These quantitative measures should be assessed post implementation, during
pilots and trials to determine if safety improvements have been made.
Situation awareness
Technology has great potential to enhance individual and team level SA, but also has
potential to create distraction, develop information silos but not being integrated to
connect with other information management systems and increase mental workload
(Endsley, Bolte, & Jones, 2006). There are several validated scales for measuring SA,
both in-situ and post-evaluation. A scale that may be applicable to the rail industry is
Situation Awareness Rating Technique (SART) which provides ratings in three principal
dimensions: Demand for attentional resources; supply of attentional resources, and;
understanding of the situation (Taylor, 1990).
Workload measures
A new technology can have a significant impact on railway work and associated
workload. If technology supports the worker, it may decrease workload, but technology
that is difficult to use may introduce additional workload. A commonly used and validated
approach to measuring workload is NASA-TLX (National Aeronautics and Space
Administration - Task Load Index). NASA-TLX is a “multi-dimensional rating procedure
that provides an overall workload score based on a weighted average of six subscales:
Mental Demand, Physical Demand, Temporal Demand, Performance, Effort and
Frustration” (Hart, 2006). It can be used to quantify workload associated with a
technology as compared to other technologies or a baseline condition.
Trust in technology measures
Trust can be developed when a system is reliable, and functions are clearly understood
by the end-user. To support effective performance, the end-user’s trust in system should
be neither too high nor too low (Eurocontrol, n.d.). A possible measure of trust is the
Human Computer Trust (HCT) Scale (Madsen & Gregor, 2000). This validated scale
measures perceived reliability, technical competence, understandability, faith and
personal attachment to a system or technology.
Wearability measures
As identified in both the literature review and the consultations, wearability will be a
major factor in technology acceptability. Wearability evaluations can include subjective
ratings of comfort and form factor. Beyond physical characteristics of the devices, the
effects the system may have on the user can be rated based the following comfort rating
scales to assess wearability (Knight & Baber, 2005):
1. Emotion: Does the wearer worry about how they look while wearing the device?
If they feel tense or nervous, movement patterns can be altered.
2. Attachment: Does the wearer feel the device moving around on their body (i.e.,
swinging, pulling, etc.)? This is important in terms of device/sensor placement.
3. Harm: Is the device painful to wear? Is it causing the wearer any type of
physical damage?
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4. Perceived change: Does wearing the device make the wearer feel physically
different in some way?
5. Movement: Does the device impede or restrict the movement of the wearer?
6. Anxiety: Does the wearer feel secure wearing the device?
Additionally, any safety risks around the wearability must be highlighted.
Evaluations in various environmental conditions
For conductors, yard workers, and trackside workers, wearable technologies need to be
robust and effective in the following environments:







Frequent temperature extremes, including working outdoors in all weather;
Visibility challenges due to weather and time of day;
Continuous noise from the locomotive engines, wheels, airbrakes, bells,
horns or other industrial noises;
Uneven walking surfaces along railbeds, tracks and yards; and,
Occasional vibration and working at heights.

Field trials should be designed to include use of any wearable technology while
completing representative tasks in these environmental conditions. Subjective
acceptability ratings can be collected considering these environments.
Controlled Evaluations with physical tasks
Specific evaluations of the acceptability of any wearable technology should be
conducted with participants completing representative tasks such as:











Continually receiving and responding to instructions by radio, hand signal, or
communication signal;
Observing track, signals, equipment and other railway personnel to detect
any signal or condition that affects the movement of the locomotive;
Frequently standing on the rail bed, beside tracks when connecting/
disconnecting rail cars, switching tracks, and guiding the Engineer with the
movement of the train;
Extended periods of walking along uneven surfaces of rail beds and
alongside tracks;
Frequent neck movement for reading the codes on the cars, looking for air
brake release, looking for hand brakes;
Occasional reaching, twisting, pushing, pulling, reaching above and below the
shoulder, carrying and grasping throughout the shift. Heavy lifting of more
than 50 lbs is listed as very rare. Lifting light to medium loads are more
common;
Climbing ladders, grasping and holding objects while riding the side of a train;
Operating various devices on rail cars and locomotives, such as uncoupling
levers and handbrakes; and,
Bending, stooping, squatting, and kneeling frequently (Canadian Pacific
Railway, 2020) (Canadian National Railway, 2020)

For trackside workers, specific physical demands include:


Communicating with RTC and train crews to ensure safety as trains pass
through work areas;
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Standing and walking on uneven ground along the railbed for extended
periods;
Depending on the project, physical activities may include squatting, kneeling,
walking, climbing, bending, lifting light to heavy loads, reaching above and
below shoulder level, twisting, pushing/pulling, crawling, carrying light to
heavy load, grasping and inspecting (Canadian Pacific Railway, 2020)
(Canadian National Railway, 2020).

Additional demands highlighted by CTAs could be added to the above lists.
Fatigue
As identified in the literature review, certain wearable technologies may be beneficial in
identifying fatigue and also in mitigating fatigue effects in high workload situations.
Potential negative impacts of wearable technologies include the introduction or
worsening of passive fatigue effects. Passive fatigue effects are associated with low
workload and lack of direct control over tasks (Neubauer, Matthews, Langheim, &
Saxby, 2020). Additionally, if technologies are difficult to use, they may introduce new
fatigue issues due to increased mental or physical load.
Whether assessing the effectiveness of a fatigue monitoring wearable technology, or
potential fatigue effects of another wearable, fatigue can be measured using subjective
measures, or through physiological monitoring. Research has shown that in a stimulating
environment, a worker may not be able recognize the effects of fatigue and so objective
measures, such as Transport Canada’s Individual Fatigue Likelihood Score (IFLS), can
be used to determine risk of fatigue (Transport Canada; FRMS Consultants, 2007).
Teamwork and communications
Depending on how it is implemented, new technology can either facilitate or interfere
with development of an effective team mental model. The impact of any wearable
technology on teamwork and communications should be evaluated. There are several
approaches to measuring team mental model effectiveness. A possible tool is the
Subjective Shared Situation Awareness Inventory (SS-SAI) (Scielzo, Strater, Tinsley,
Ungvarsky, & Endsley, 2009). This is a questionnaire-based approach which evaluates
shared SA, related constructs (including mindfulness, implicit coordination (i.e.:
predicting one another’s intent) and transactive memory (i.e.: accessing expertise from
other team members)) and miscellaneous constructs (including motivation, locus of
control).
Evaluation of content and equipment/device management approaches
In addition to evaluations of the wearable technology itself, content and
equipment/device management approaches can also be evaluated during larger field
trials, such as approaches for ensuring devices are fully charged or have received the
latest software updates. Data can be collected via subjective questionnaires.

5.2.4.

Challenges and other considerations

In implementing this research framework, several potential challenges should be
considered.
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Access to End Users and Environments
End-user feedback is necessary for implementation but organizing and obtaining
permission to test systems can be challenging. This can be even more difficult trackside
than in the yard environment. Ideally, work would be undertaken collaboratively with
major rail providers and their preferred vendors for trackside construction and
maintenance activities for access to study participants and environments. Consideration
should also be given to observing and interacting with employees without adversely
impacting their job from a safety and effectiveness perspective
Integration with Existing Systems
Integrating technology without losing the benefits of existing systems, can also present a
challenge. Without a completely intelligent environment, the maximum benefit of
wearables will not be achieved. Decisions need to be made on how and where to deploy
technology (i.e., on employees, equipment, rolling stock, track containers etc.). This will
require access to rail providers’ IT and technology/safety innovation teams. If
technologies are used to impact locations and permissions for worksites, they will need
to need to be integrated with management both from yard/trackside and on-train crews.
Integrations with Railway Rules
While existing railway rules may limit how technology can be implemented, railways can
begin by implementing technology within today’s rules, and remain flexible to
experimenting with technology, which may require revisions to rules. A review should be
conducted before implementation to assess the impact of the wearable technology to
identify conflicts with the rules and to identify whether or not the benefits of the
technology outweigh the effort to change the rules. An assessment of how the
technology can lead to safety improvements by quantitatively assessing performance
against a safety baseline should also be considered. This would support demonstrating
that the new technology will meet or exceed the safety level obtained by current rules, as
required by Transport Canada for regulatory exemptions. Where it is feasible,
quantitative measures should be used to support subjective user feedback.
Personal Data
Technology that gathers personal data, such as physiological monitoring or
smartwatches will require consent and may not be acceptable to workers.

Cost
Purchasing, renting or developing technology for evaluation purposed may be cost
prohibitive. This will need to be a consideration when prioritizing research and will likely
require a detailed cost benefit analysis.

5.2.5.

Other Evaluations

In the course of the literature review, technology review, RODS review and
consultations, additional areas for potential research were identified that fall outside the
scope of wearable technology. These items are captured here for reference purposes:
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5.3.

Studies relating to breaks and interruptions in work and how that could affect SA
and tools that can be used to mitigate associated safety risks (i.e., post-break
checklists)
Study of impact of breaks, scheduled breaks on occurrence rates over time.
Investigation of the impact of yard designs, including evaluation of the RODS
database study of yards with different designs for impact on occurrence rates.
Investigation or technology trials for remote monitoring equipment. This would be
for track inspection purposes and for remote operation of construction
equipment.
Engineering studies of reliability, accuracy of technology required for fail-safe
situations (e.g., reliability of data signals)

Discussion

This research has demonstrated the potential for wearable technology to reduce risk for
yard and trackside workers in the rail industry. The research framework presented in
this section provides next steps for determining which wearables to prioritize, research
and implement.
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6. Conclusion
This exploratory study set out to identify the potential viability of wearable technologies
to increase the level of safety risk mitigation for yard and trackside workers in the field,
with a focus on freight operations. Based on the successful implementation of wearable
technologies to improve safety and efficiency in other industries, it was suspected that
similar benefits could be achieved in Canadian rail operations. The data analysis, with
consideration to the data limitations and assumptions mentioned, has highlighted risks
associated with yard and trackside work and has shown that with further study, analysis
and consultation, it is possible that yard and trackside workers could benefit from the
implementation of wearable technologies.
Various types of wearable technologies, including proximity detection systems, nonintegrated wearables, and fatigue monitoring systems, were suggested as having
potential to mitigate the risks involved in 11 priority occurrence types spread across both
yard and trackside environments (Table 11).
Based on the variety of tasks, environments, worker types, and wearable technologies
specified, there is not likely to be a single solution to meet all the needs. Further
research could determine the possibility that that a fully customized system consisting of
non-integrated wearables, including smartwatches and smart eyewear could be
designed to meet the needs of multiple scenarios, but it is more likely that a hybrid
approach with solutions aimed at subsets of tasks and worker types would be a more
feasible approach.
To ensure that the most appropriate wearable technology solutions are found, following
the proposed research framework outlined in chapter 5 is recommended as guidance.
The foundational research will build on and validate the knowledge of the prioritized
occurrence types and tasks being conducted by workers in the associated environments.
The clear understanding of the human factors considerations will help guide the
selection of appropriate technologies for use in the technology evaluations. It will be
important to evaluate potential solutions from both a human factors and safety process
perspective, as well as with information technology and train systems compatibility in
mind. Strong consideration should be given to challenges and limitations noted in the
study, as well as the possibility that wearable systems may not necessarily operate in a
fail safe manner.
Although there is further work to be done to expand on the knowledge of the
requirements for wearable technologies to increase the level of safety risk mitigation for
yard and trackside workers in Canadian rail, we have shown through multiple data
collection and validation steps that with further study, analysis and consultation such an
approach could be viable and could be a valuable part of a suite of new approaches to
enhance rail worker safety.
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APPENDIX A
Definitions
Reportable occurrence
Transportation Safety Board Regulations (SOR/2014-37) Section 5(1) specifies that the
operator of the rolling stock, the operator of the track and any crew member that have
direct knowledge of a railway occurrence must report the following railway occurrences
to the Board:

a) a person is killed or sustains a serious injury as a result of
i) getting on or off or being on board the rolling stock, or
ii) coming into direct contact with any part of the rolling stock or its
contents;
b) the rolling stock or its contents
i) are involved in a collision or derailment,
ii) sustain damage that affects the safe operation of the rolling stock,
iii) cause or sustain a fire or explosion, or
iv) cause damage to the railway that poses a threat to the safe passage of
rolling stock or to the safety of any person, property or the
environment;
c) a risk of collision occurs between rolling stock;
d) an unprotected main track switch or subdivision track switch is left in an
abnormal position;
e) a railway signal displays a less restrictive indication than that required for
the intended movement of rolling stock;
f) rolling stock occupies a main track or subdivision track, or track work
takes place, in contravention of the Rules or any regulations made under
the Railway Safety Act;
g) rolling stock passes a signal indicating stop in contravention of the Rules
or any regulations made under the Railway Safety Act;
h) there is an unplanned and uncontrolled movement of rolling stock;
i) a crew member whose duties are directly related to the safe operation of
the rolling stock is unable to perform their duties as a result of a physical
incapacitation which poses a threat to the safety of persons, property or
the environment; or
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j) there is an accidental release on board or from a rolling stock which
results in any of the events listed in subsection 8.4(2) of
the Transportation of Dangerous Goods Regulations.
The following definitions apply to rail transportation occurrences that are required to be
reported pursuant to the Canadian Transportation Accident Investigation and Safety
Board Act and the associated regulations5.
Occurrence



Any accident or incident associated with the operation of rolling stock on a
railway
Any situation or condition that the Board has reasonable grounds to believe
could, if left unattended, induce an accident or incident described below

Reportable accident



A person is killed or sustains a serious injury as a result of
o getting on or off or being on board the rolling stock, or
o coming into contact with any part of the rolling stock or its contents
The rolling stock or its contents
o sustain damage that affects the safe operation of the rolling stock,
o cause or sustain a fire or explosion, or
o cause damage to the railway that poses a threat to the safe passage of
rolling stock or to the safety of any person, property or the environment

Reportable incident










5

A risk of collision occurs between rolling stock
An unprotected main track switch or subdivision track switch is left in an
abnormal position
A railway signal displays a less restrictive indication than that required for the
intended movement of rolling stock
Rolling stock occupies a main track or subdivision track, or track work takes
place, in contravention of the Rules or any regulations made under the Railway
Safety Act
Rolling stock passes a signal indicating stop in contravention of the Rules or any
regulations made under the Railway Safety Act
There is an unplanned and uncontrolled movement of rolling stock
A crew member whose duties are directly related to the safe operation of the
rolling stock is unable to perform their duties as a result of a physical
incapacitation which poses a threat to the safety of persons, property or the
environment, or
There is an accidental release on board or from a rolling stock which results in
any of the events listed in subsection 8.4(2) of the Transportation of Dangerous
Goods Regulations, under which TSB DG leaker incidents are only reportable if
they result in death or serious injury, evacuation, or the closure of a DG loading
facility, a road, a main railway line, or a main waterway.

https://www.bst-tsb.gc.ca/eng/stats/rail/2019/sser-ssro-2019.html#4.0
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Derailment or non-main track collision (involving one to two cars) occurs without
damage or injury

Serious injury







A fracture of any bone, except simple fractures of fingers, toes or the nose
Lacerations that cause severe hemorrhage or nerve, muscle or tendon damage
An injury to an internal organ
Second or third degree burns, or any burns affecting more than 5% of the body
surface
A verified exposure to infectious substances or injurious radiation, or
An injury that is likely to require hospitalization

Dangerous goods involvement
“Dangerous goods” has the same meaning as in Section 2 of the Transportation of
Dangerous Goods Act. An accident is considered to have dangerous goods involvement
if any car in the consist carrying (or having last contained) a dangerous good derails,
strikes or is struck by any other rolling stock or object. It does not mean that there was
any release of any product. Also included are crossing accidents in which the motor
vehicle involved (e.g., tanker truck) is carrying a dangerous good.
Derailment
Any instance where one or more wheels of rolling stock have come off the normal
running surface of the rail, including occurrences where there are no injuries and no
damage to track or equipment.
The TSB policy on occurrence classification defines the following classes of occurrences
in Appendix B36:
Class 1 occurrence
A class 1 occurrence is a series of occurrences with common characteristics that have
formed a pattern over a period of time. This pattern is made of one or more significant
safety risks previously identified by the TSB or organizations in other jurisdictions in the
course of their investigations, or of an issue of interest that has emerged from statistical
analysis.
Class 2 occurrence
A class 2 occurrence has significant consequences that attract a high level of public
interest across Canada or internationally. A large number of people are affected, some
of whom may be fatally or seriously injured. There may be a large release of dangerous
goods. There is significant damage to property and/or the environment. There is a high
public expectation that the TSB will investigate. There is a high likelihood of identifying
new safety lessons and of advancing transportation safety by reducing risks to persons,
property, or the environment. A complex and exhaustive investigation is required.
Class 3 occurrence
A class 3 occurrence may have significant consequences that attract a high level of
public interest. It may involve multiple fatalities and/or serious injuries. There may be a
6

https://www.tsb.gc.ca/eng/lois-acts/evenements-occurrences.html
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medium-sized release of dangerous goods. There is moderate to significant damage to
property and/or the environment. There are public expectations that the TSB will
investigate. It is quite likely that new safety lessons will be identified and that
transportation safety will be advanced by reducing risks to persons, property, or the
environment. A detailed investigation is required.
Class 4 occurrence
A class 4 occurrence may have some important consequences. It may involve fatalities
or serious injuries. There may be a small release of dangerous goods. There is
moderate to minor damage to property and/or the environment. The occurrence attracts
public interest within the immediate region or province/territory. The likelihood of
identifying new safety lessons and of advancing transportation safety by reducing risks
to persons, property, or the environment is low.
Class 5 occurrence
A class 5 occurrence has little likelihood of identifying new safety lessons that will
advance transportation safety. The occurrence may involve fatalities and/or serious
injuries. There is little or no release of dangerous goods. There is minimal damage to
property or the environment. The occurrence attracts limited public interest outside of the
immediate area. The investigation is limited to data gathering and the data are recorded
for statistical reporting and future analysis.
An occurrence that has been reported voluntarily and is not subject to the mandatory
reporting requirements in the TSB Regulations may nonetheless be classified as a class
5 occurrence if it is of interest to the TSB.
Class 6 occurrence
A class 6 occurrence is a transportation occurrence that occurs outside of Canada and
may or may not be investigated by a foreign investigation body. This includes
investigations led by another country where the TSB is called upon to participate or
provide assistance. The TSB is notified about these occurrences in accordance with
international conventions and/or memoranda of understanding.
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APPENDIX B
Researcher Interview Script
Hello, my name is <say your name> from FactorSafe Solutions, and we are working with
Transport Canada’s Innovation Centre on a viability study to assess the opportunities for
wearable technology enabled with GPS and automated communication systems to help
improve safety for trackside and yard workers in the field. Examples of the types of
wearable technology we are studying include proximity detection systems, fatigue
monitoring systems, and standalone systems such as smartwatches, smart eyewear and
smart boots.
The outcomes of the study will provide Transport Canada with a better understanding of
the potential safety benefits of using wearable technology in the rail sector.
To date, we have conducted a review of current technologies and research on the
human factors safety hazards associated with trackside and yard work and an analysis
of occurrence data. Our current task is a series of consultations with researchers and
subject matter experts. The information collected during the consultations will be used to
validate the findings of the technology and research review and of the data analysis, in
addition to potentially uncovering new information related to trackside and yard
worker risk factors and mitigation strategies.
In this session, we will be discussing the research you have conducted on safety
hazards and risk mitigation in the rail industry, particularly as it pertains to trackside and
yard worker safety. The interview will consist of a series of open-ended questions.
Please be as open and honest as possible in your answers, providing as much detail as
possible. I expect that the interview should last approximately one hour.
The information you share with us today will be used as part of our study, but if you
prefer, your identity can be kept confidential and your responses will be disassociated.
Either way, we would appreciate if you can be as open and honest as possible when
providing your answers. Would you like to remain anonymous, or can we include your
name in our report? Additionally, I will be audio recording this session for quality
purposes, but the recordings will be deleted once we have completed our data analysis.
Do you agree to these conditions?
Do you have any questions before we start?
1. What is your experience researching safety risks to trackside and yard workers?

2. What are the main (human factors/system safety – use applicable qualifier or just
leave it open to general interpretation of challenges) challenges you see in
maintaining safe working conditions for trackside and yard workers?

3. Do you see any differences in the risks faced by those two groups?

4. Where are the gaps in safety risk mitigation in today’s conditions?
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5. Have you researched any risk mitigation strategies or technologies that could be
of potential benefit? If so, please describe.
6. Are you aware of any wearable technologies that could potentially mitigate risks
for trackside or yard workers?

7. What challenges might you see in implementing wearable technologies as a risk
mitigation measure?

8. Is there anything else that has come to mind throughout our conversation that
you would like to discuss, or do you have any closing thoughts?
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APPENDIX C
SME Interview Script
Hello my name is <say your name> from FactorSafe Solutions, and we are working with
Transport Canada’s Innovation Centre on a viability study to assess the opportunities for
wearable technology enabled with GPS and automated communication systems to help
improve safety for trackside and yard workers in the field. The outcomes of the study will
provide Transport Canada with a better understanding of the potential safety benefits of
using wearable technology in the rail sector.
To date, we have conducted a review of current technologies and research on the
human factors safety hazards associated with trackside and yard work and an analysis
of occurrence data. Our current task is a series of consultations with researchers and
subject matter experts. The information collected during the consultations will be used to
validate the findings of the technology and research review and of the data analysis, in
addition to potentially uncovering new information related to trackside and yard
worker risk factors and mitigation strategies.
In this session, we will be discussing the work you have done as a trackside or yard
worker in the rail sector. I will be asking you a series of open-ended questions about
safety risk and mitigation strategies. Please be as open and honest as possible in your
answers, providing as much detail as possible. I expect that the interview should last
approximately one hour.
The information you share with us today will be used as part of our study, but based on
your preference, we can keep your identity confidential and individual responses will not
be associated with a person, so please try not to feel constrained when providing your
answers. Do you prefer to remain anonymous, or can you include your name in our
report? Additionally, I will be audio recording this session for quality purposes, but the
recordings will be deleted once we have completed our data analysis. Do you agree to
these conditions?
Do you have any questions before we start?
1. What is your experience as a trackside or yard worker?

2. What aspects of your work do/did you find presented the greatest level of safety
risk?

3. What differences do you see, if any, in the risks for a trackside worker and for a
yard worker?

4. What do you feel are currently the most effective safety risk mitigation strategies
in place today?
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5. Do you feel that current risk mitigation strategies are adequate, and if not, how
do you feel that they are lacking?

6. Do you have any knowledge of the use of difference technologies such as
wearable devices in safety risk mitigation?

7. Tell me about what you know about wearable technologies and do you think that
could be of benefit to your safety on the job?

8. What challenges could you see in the implementation of wearable devices in the
field?
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