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It was after WWII that a varied group of scientists came together to investigate why
pilots were making errors mistaking flaps for landing gear, causing plane crashes.
This group of doctors, physiologists and psychologists coined the term ergonomics.
Attention was focused on: operations analysis, operator selection, training, and the
environment associated with signal detection and recognition, communication, and
vehicle control.

In the rail industry there are many examples of serious incidents related to human
performance, the Paddington being just one example. In some countries such as
the UK, this has led to mandatory HF standards to prevent further occurrences

As a result, the need to understand the HF of train control has become recognized,
Just like systems can go wrong where engineering systems can fail if they work
outside boundaries, so can humans, but we fail randomly.
HF looks to improve performance, safety and efficiency
HF reduces risk of human error, and poor reliability
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There are also accessibility, OSHA, California Ergonomics regulation, Washington
state Ergonomics industry guidelines
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As technological innovations progress, operators will have to adapt to driving state
of the art rolling stock, operating under a variety of signalling systems,
communicating with a series of control centres, on frequently changing
infrastructure under sometimes a unique set of operating rules

Train crews consistently report that they needed to learn new train handling
strategies in order to adapt to the new levels of supervisory control introduced.
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With the introduction of these new signalling and traffic management systems, the
operating environment demands:

Higher capacity
Higher frequency
Higher performance

Cognitive load!

- Train crews, play a critical role by adapting to changing conditions that exist in the
railroad environment.
- As the railroad environment becomes more complex, the opportunities for failure
that involve human interactions also increase.
- Increased automation in control systems alters operator tasks from control tasks to
monitoring tasks, which in turn lowers the operator’s workload but could increase
human error as a result of distraction.
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Organizational cultures can be fundamentally different in the way they arrange their
stations, their staff, control their trains, their operators and react to incidents.
train control systems are designed to be intuitive and effective through iterative user
centred design lifecycles.

German rail crash which claimed 11 lives is blamed on 'human error' by controller
who is facing five years in prison for opening the track to both trains
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Transparency means: Present information that accurately represents or predicts
system states.

HMI design must accommodate an operator's expectation of logical and consistent
relationships between actions and results. Similar objects must behave consistently
when an operator performs the same action upon them.

Ensure that users remain informed about what the automated activities are and the
basis for why they are being undertaken.

Significantly reduced if train control systems are designed to be intuitive and
effective through iterative user centred design lifecycles

Transparency in design can greatly help driver or operator situational awareness,
minimize information processing load when making critical decisions,
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Design systems that anticipate possible user errors and include capabilities to catch
errors before they propagate through the system;
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Ironies of Automation- L. Bainbridge, 1983

Innovations in information technology, driven by requirements for safer, more

effective and efficient operations, have led to the increased use of automation,

which in turn amplifies the consequences of equipment and human failures within

safety critical environments.

 So you might think we don’t need HF experts or even humans??

While routine operations can then proceed on the basis of automation, the worth of
a control system will often rest on the ability of the operator to intervene
successfully in response to special requirements such as a major incident

 The traditional operating environment is experiencing fundamental changes.

Train crews consistently report that they needed to learn new train handling
strategies in order to adapt to the new levels of supervisory control introduced.

It is therefore important that a controller’s competence in manual operation is also
maintained, through strategies like employing routine training on simulators.
Design of alarms crucial.

SkyTrain expectations, Customers, reputation becomes important, reliability,
customer communication, social media
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Design of controls, frequency, function, zone of convenient reach.
Today the convention is to have a driver’s cab where the driver is either fully in
control of the vehicle or simply monitoring the automation depending on the level of
automated signalling installed on the train.

Human Factors considerations in a driver’s cab focus on the layout of controls in
terms of priority of use. The tasks associated with each control need to be analysed
(task analysis) to understand the function, frequency and priority of use. High
frequency or high priority controls should be situated in the primary zone of reach.
As further automation is introduced operator tasks change from control to
monitoring activities with a focus on the passenger platform train interfaces.

This means a change in mental model and could mean that drivers are less vigilant
or more easily distracted as the driver is removed from the actual control process of
the train as they will no longer have influence on the train trajectory.

Controls should also be understandable by persons not having an operator’s
training, e.g. station staff, emergency services; visible in all natural and artificial light
conditions; laid out according to their risk and consequence of incorrect or
inappropriate operation, validated against 'demanding scenarios‘; grouped
according to their function; positioned according to their importance, sequence-of-
use, frequency-of-use and any interactions.
- management of alarms is vital if the driver is to maintain a head up driving style
- move towards flat screen display technologies that are more reflective.
- luminance emitted from these screens also needs to be assessed within dark
tunnel environments or when operating at night, and rapid transitions between these
environments. 12



With HF expertise on hand to record any unforeseen issues that arise which are
then tracked and closed before a system is signed off as safe to operate within
revenue service.

End user buy in, union consultations very important in improving designs
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This slide illustrates the complexity of the train operator’s display and the number of
items that must be monitored. A HF analysis would involve looking at size of font for
readability, positioning of information in consistent ways, appropriate use of color
and the meaning of colors, dynamic or moving displays and any confusion this can
cause for the operator. We look for where an operator may make a mistake or not
have information they need to make a decision.



GOA4 control room,
With new control systems new skill requirements in perceptual judgment, decision
making, problem solving and diagnosis will be expected.

The driver interface display will become a particular HF challenge when combining
different control systems from a system architecture point of view and the manner in
which information is presented to the user. Visual clutter would be an HF
consideration. Hand in hand with this will also be reliability concerns for the systems
and display itself.

So with automation: the human monitoring of these systems will never become
redundant
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Increased automation in control systems alters operator tasks from control tasks to
monitoring tasks, which in turn lowers the operator’s workload but could increase
human error as a result of distraction. This means that there becomes a greater
reliance on the operator to remain vigilant and react efficiently when intervention on
automation is required both within the control room and train cab environments.

The job of the operator can at times be very demanding, when abnormal situations
arise and the operator is expected to take control using manual ways of operating,
that are not frequently used and therefore the operator is less likely to be able to
react appropriately and efficiently.

Workload can therefore go from one extreme of very low passive monitoring tasks
to very high stressful active tasks, within a short time frame. The consequences of
this can result in inappropriate operator action such as acts of omission,
commission, timing or sequence that can be potentially disastrous in safety critical
environments.
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Opportunities to further integrate signalling or train control systems seamlessly with
other operating elements of a metro or railway system, both onboard the trains and
at central control from the operator’s point of view.

Talked about Transparency and simplicity in design but also

A holistic approach to considering the user interfaces from the dispatchers at the
central control rooms through to the engineers onboard the trains is necessary to
support the required human intervention points within any train control system.

Specifications (RFP/ Project Agreements) need to include it and allow for
innovation, should be performance based, procured

Train control systems are designed to be intuitive and effective through iterative
user centred design lifecycles.
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Integration at Delivery is also key and depends on contract structures, train vehicle
manufacturer, control system could be incompatible.

Train control systems are designed to be intuitive and effective through iterative
user centred design lifecycles.

SIMP and HFIP key!
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Unfortunately, identifying the HF mis-matches arising from an incident after a
system is operational is too late in the design process to have prevented the
incident. This is an expensive and ineffective way to do HF.
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Human Factors Integration Plan
A more efficient and effective way to do HF is to involve specialists at the system
concept level of the project life cycle, early on. This approach begins with a written
Human Factors Integration Plan (HFIP) used to govern all the HF activities within a
project and defines how the outcomes of the activities are linked into the overall
project plans.
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To summarize the benefits of integrating HF into the design of transportation
systems – whether cab design, control room design, design for passengers, signage
and wayfinding, the graphic user interfaces or for maintenance – are…
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Infrastructure

*  Engineering services include, among others, commissioning, decommissioning, 
environmental impact studies, project management and training.

Oil & GasInfrastructure Power

Four Markets

Infrastructure Concession 
Investments (ICI)

Engineering* Operations & 
Maintenance (O&M)

ConstructionProcurement

Mining & Metallurgy

HUMAN FACTORS 
VANCOUVER OFFICE
745 Thurlow St.  
Vancouver, BC V6E 0C5,  
Tel: +1 604 662-3555 x 52484 or 52080

End-to-end services 

Human Factors
Optimizing performance of people and systems

snclavalin.com
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We’re on a journey and our 
destination is exciting:

To become the world’s most sought-after engineering and 
construction firm. One company. Building what matters by 
safely and consistently delivering outstanding oil and gas, 

mining and metallurgy, power and infrastructure projects for 
clients and communities around the globe.

SNC-Lavalin Rail & Transit
SNC-Lavalin, a global company founded in 1911 with its headquarters  
in Montreal, is one of the leading engineering and construction groups  
in the world and a major player in the ownership of infrastructure.

From offices in over 50 countries, SNC-Lavalin’s employees are proud to build what matters. Our teams provide  
world class engineering services in a variety of industry sectors, including oil and gas, mining and metallurgy, 
infrastructure and power.

In 2011, SNC-Lavalin acquired international rail consultancy Interfleet. On January 1st 2016, Interfleet changed  
its name to SNC-Lavalin Rail & Transit and fully-integrated with the SNC-Lavalin brand.

The SNC-Lavalin Rail & Transit team has global capabilities and offers end-to-end services across all types of  
rail and transit systems. We can develop the concept, design, build and finance as well as operate and maintain.  
Our consultancy team has specialists working on rolling stock, infrastructure, rail control systems and strategic 
transport advisory services.
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It is

to change design in the 
initial phases than when 
built or operating

People are at the core of the railway —they drive, control, maintain and  
use the network. Human factors ensures that complex rail systems 
accommodate the limitations and variability of human characteristics, 
reducing risk and optimizing performance. 

Established in 2005, SNC-Lavalin’s human factors team was created  
from a group of specialists with a diverse and detailed knowledge of 
planning and integrating human factors across engineering environments. 
Today, our human factors team is a leader in delivering advice and support 
to the international rail and transit industry.

About human factors

Work
Organization

Equipment 
& Tools

Work 
Environment

Workspace 
Design

Individual 
& Task

› Shift cycles
› Job variety
› Task discretion
› Fatigue management
› Safety culture
› Training & procedures

› Anthropometry
› Biomechanics
› Human error & reliability 
› Information processing
› Task design

› Human computer 
 interface design
› Mimic display design
› Train control design

› Seating
› Console design
› Cab design
› Access/egress
› Workstation design
› Control room design

› Lighting
› Temperature
› Acoustics
› Vibration

Human factors integration (HFI) refers to the 
application of human factors throughout a system 
design life cycle. The objectives of HFI are to:

›  optimize performance and productivity of 
humans within the system

›  enhance safety and effectiveness

›  reduce stress, injury and fatigue, and improve 
worker well being 

Human factors 
integration

System
Concept

Preliminary
Design Review

At EVERY stage. However, more human factors in early stages can help 
optimize human performance and prevent human error and injury during 
the operational stage.

When in the design process should you consider human factors?

Detailed Design
Review Commission

Sign Off Operate

Decommission
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We can help you accommodate staff and passengers’ physical 
characteristics and behaviour in the design, operation and maintenance  
of rail vehicles.

We help you to achieve user centred, safe and optimized designs for new build or retro-fitment projects. We also 
provide independent assessments to identify opportunities for improvement or the root causes of incidents and near 
misses. These include driver or maintainer errors, fatigue or musculoskeletal injuries.

Our team can assist you in managing driver and union engagement, ensuring that operational and maintenance 
requirements are integrated and early user acceptance is achieved. Our experts can also seamlessly integrate new 
technology—such as Train Control Systems and Driver Advisory Systems—without compromising design or performance.

We improve occupational health through the application of ergonomics best practice. This enhances the working 
environment and reduces the risk of musculoskeletal disorders. Delivering inclusive design solutions that expand your 
customer base—and better support passengers with reduced mobility—is another part of our offering.

Rail vehicles
Rail vehicles that meet 
the needs of train crew 
and passengers today 

and for the future
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Reducing human error and 
injury through proactive 
risk assessment and 
preventative best practice

We can support the design of stations, control rooms and yards to  
ensure the layout, environment and equipment are optimized for current 
and future use. 

Our team optimizes designs to ensure operator, maintainer and passenger interfaces maximize performance.  
We can help you to prevent occupational ill health issues and support users in their everyday and emergency tasks  
and communications.

Stations, control rooms 
and yards

Operations and risk
We make processes and procedures fit for purpose and usable by applying 
proven human factors methods.

Our team gives passengers a better journey by improving inclusive design for passengers with reduced mobility, 
optimizing passenger information and providing a positive end-to-end experience. We can help to combat and prevent 
operator fatigue, culture, and workload issues and supply independent incident investigations to uncover technical, 
systems and human sources of risk.

Our experts optimize performance and reduce delays caused by operational inefficiencies, human errors and 
maintenance issues.
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A person’s experience with a transit system is enhanced if they can 
navigate seamlessly to where they want to go. Human factors methods 
can be applied to wayfinding, to better understand human behavior and 
expectations and improve wayfinding by: 

> Cataloguing the range of users and tasks they perform

> Considering “normal” as well as “emergency” scenarios

> Mapping routes and decision points for each use scenario

> Maintaining the flow of passengers to reduce crowding

> Identifying areas of confusion or bottlenecks

> Determining strategies for preventing or reducing problems

> Identifying the best way, type, and location to convey wayfinding information

Operators, such as control room operators, train operators and maintainers 
must monitor vast amounts of information to detect system problems. 
When a failure or emergency occurs, they need to navigate through visual 
systems and sub-systems to correct the problem. Design of the interface 
between the equipment and the operator is critical for the effective 
performance of the system. Early human factors analyses of the interface 
designs can identify, for example: 

> Graphics that are confusing or hard to understand

> Inconsistent use of color that can lead to error

> Font size that is too small to be comfortably read

> Messages that may lead to inappropriate action

> Displays that force the operator to navigate through too many screens  
and take too much time to find critical information

> Audible alarms that are too similar to be discriminated from one another

Human factors of wayfinding Human machine  
interface design
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Control room operators have a large responsibility for keeping the transit 
system running efficiently. It is of vital importance that their workstations 
are set up comfortably and effectively to optimize their performance. 
Human factors design considerations include: 

> Visual angles to view screens and mimic displays while seated

> Ability of the overview displays to support operator coordination, communication and collaboration

> Working heights, reaches, and seating design

> Layout of computer screens and other equipment for ease and efficiency of use

> Communication links between operators in the control room and between consoles

> Access considerations and circulation routes

> Appropriate lighting to view screens and minimize eyestrain from glare

> Noise control to minimize distraction and facilitate audible warnings

Human factors specialists have worked with train manufacturers to identify 
issues early in the design of train operators’ cabs. They then evaluate the 
cabs in iterations of design and in mock-ups to ensure the cab will fit a range 
of operator sizes and optimize their performance. Measurements are made 
to compare with national and international human factors standards and 
best practices. Human factors assessments are performed of: 

> Visibility and sightlines to high and low signals outside the cab windows and to  
signaling systems on displays inside the cab

> Adjustability and comfort of the seat and clearance under the console

> Ability to work from a seated and standing posture

> Ease of ingress and egress to the cab, the workstation and for maintenance tasks

> Layout of the equipment, controls, and displays in the cab

> Cab audible alarms and alerts

> The graphical user interface on displays

Control room design Train operators’ cab design 

Reports were very detailed and thorough and 
extremely professionally presented.

Control room design for Evergreen Line in Vancouver, BC

Thank you so much for your guidance this year.  
It has been a pleasure working with you! 

Ergonomic study of the MRT Purple Line  
Rolling Stock for use in Thailand by J-TREC
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A resource valued by industry
We strive to offer a service that attracts exemplary feedback and 
delivers a tangible return on investment.

The human factors team suggested 
practical solutions to the issues 
raised and helped us with the union 
consultation process – 10/10.

I have been very impressed with 
SNC-Lavalin’s efforts and professional 
approach over the years; I truly believe 
we have delivered a quality product the 
industry is massively benefiting from.

Very well managed and executed 
assignment. I hope that this assignment 
can act as a catalyst for future work.
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