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Serious Games for Workplace Learning



Development of Virtual Reality Mine 



Custom Options in Simulation



Testing Situational Awareness



Simulator Performance Results



Big Data from Simulation



Testing Technology in VR



F2L2FFurther Development



F2L2FArtificial Intelligence in the Mine



Game Demo
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Whole-Body Vibration



From: EU Good Practice Guide to WBV

Upper Boundary of the HGCZ 

Equipment operators 
are exposed to 
vibration above 
recommended 
levels. 



From: EU Good 
Practice Guide to 

WBV

EU Directive Exposure Limit Value 

Haul-Truck (16 
ton) 

LHD
(3.5 yard) 

Bull Dozer (UG 
mine) 

(Eger et al., 2006)

(Eger et al., 2006)

(Eger et al., 2011)



Low-back pain

Neck pain

Muscle fatigue

Reproductive 
Health 

Hearing Loss

GI tract problems

WBV Exposure Health Risks



Whole-Body Vibration and 
Rotated Postures



Increased low-back injury risk 
when WBV exposure is 
combined with bent and 
twisted postures

Port workers – cranes & lift trucks
Farm workers – tractors
Construction – excavators,  pavers
Locomotive operators
LHD operators 

Neck is rotated greater than 45°
over 85% of the working shift
(Eger et al., 2008)

LHD 

Forklift 



Remove Worker 
from the Source



Purchase equipment with 
lower vibration emissions

(Killen et al., 2016) 

Lower WBV 
exposure: Kiruna
Truck (Electric)



New Technology: Electric & Battery 
Operated Equipment 



BLUE = seat RED=floor 

Seat Selection



Vibration Rotopod
– We can replicate vibration 

associated with mobile equipment 
operation 

Seat Testing: 
– We can collaborate with seat 

manufacturers to identify the “best” 
seat for vibration reduction for 
specific mobile equipment types

Key: Less vibration will be transmitted to the 
operator if a seats that attenuate vibration is 
installed in the vehicle.  

Seat Testing



New Technology: 
Active Suspension Seat

https://www.clearmotion.co
m/active-suspension-seat



Maintain roadways 
and equipment

Decrease driving speeds 



Maintain a neutral 
supported driving position 
whenever possible 



FC

FR
BR

LOS
(no cameras) 4 Cameras

(Godwin, & Eger, 2009)

• Operator posture improved with 

improved line-of-sight

• Operator line-of-sight is improved with 

the installation of cameras 

Posture Improvement

BC



Use 3-point contact when 
getting in and out of equipment 



Whole-Body Vibration Exposure Management

A comprehensive evidence-based program to raise awareness around hazards and control 
strategies for whole-body vibration exposure associated with mobile equipment operation.

ENGAGE REINFORCE EVALUATE CONTROLEDUCATE

Education, Training and Exposure 
Management
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Fatigue
Fatigue can include physical and mental fatigue, can be 
task dependent and is not necessarily commensurate with 
sleepiness

General Definition: a decreased capacity to perform.

Fatigue has many possible causes and is associated with 
many different condition



Fatigue and Accidents
Human errors: 80% of industrial accidents

First cause: attention lapses & fatigue

Fatigue: 31% of fatal to the driver truck accidents



Driving in Canada
20% of drivers have fallen 
asleep or nodded off while 
driving in the past year

• 33% had been driving for 
less than an hour

• 30% between 9pm and 6am

61% of drivers rated drowsy 
driving as ‘a very or extremely 
serious problem”

Self-report fatigued driving

Traffic Injury Research Foundation. Road Safety Monitor: Fatigued driving trends (2011) 



Mobile Equipment and Fatigue
• Impaired cognitive and motor 

performance

• Reduced alertness

• Longer reaction time

• Ability to respond to emergencies is 
reduced

• Impaired concentration

• Decreased task motivation

• Memory problems

• Poor judgment



Factors Contributing to Fatigue
• Personal Factors 

• Sleep (quality and quantity)
• Fitness
• Nutrition
• Hydration
• Psychosocial factors 
• Smoking (environmental exposures)

• Workplace Factors
• Physical demands of the job (workload; vibration)
• Environmental factors (light; noise; temperature; humidity)
• Mental demands of the job (psychosocial factors)
• Respiratory factors (particulate matter exposure) 



Consensus Statement
Major causes of fatigue are:

• Time of day of the vehicle operation (e.g. night/early morning)

• A long duration of wakefulness

• Inadequate sleep

• Pathological sleepiness (e.g. Sleep apnea)

• Prolonged work hours (not necessarily operating the vehicle)

*ALL ASSOCIATED WITH NONSTANDARD SHIFTS



Hydration

• Fluid intake is important when 
working in hot and humid 
environments 

• Mild dehydration is a common 
and often overlooked cause of 
fatigue

• Dehydration can reduce blood 
flow to organs and slow down 
brain function



Exposure to DPM

Physically 
demanding work

Noise, vibration 
and high heat and 
humidity

Interaction 
leading to 

increased risk 
of fatigue? 

Consider Cumulative Risks:



How do we Measure Fatigue?

Currently there is 
no single 
measure that is 
sufficient to 
capture all 
aspects of 
fatigue.



“Fatigue Detection” Technologies

• Fitness-for-duty tests

• Continuous operator monitoring
• Real-time observation and analysis of 

operator behavior and/or physiology
• Ex. eye closure, head position, brain 

wave

• Performance-based monitoring
• Monitor tasks

• Ex. lane tracking, vehicle speed

Source: www.seeingmachines.com

https://fmiltd.co.uk/assets/summary-of-operation-.pdf



Technology Limitations
• If you are considering a “fatigue monitoring” technology 

you are advised to conduct your own review to determine if 
independent research has been conducted
• there is currently little systematic evidence regarding their 

scientific reliability or validity 

•Researchers have reported: detection technology cannot 
prevent fatigue from occurring or mitigate it

Source: Dawson et al., Sleep Medicine Reviews, 2014



Technology Limitations

• Fatigue Monitoring CANNOT be 
substituted for a Fatigue 
Management System 

• They do not protect you legally (in 
absence of a FMS)

• How these technologies contribute 
to an effective fatigue risk 
management system is still unclear



Consideration: Commuting
Dram Law – a business/host who serves alcohol to an 
obviously intoxicate person is liable for injuries sustained 
by third party as a result of the intoxicated person.

? Does =



Conclusions
• Employees require education and awareness training

• Employers / Operators need a Fatigue Management 
Response System, specific to the individual risks within 
their operations

• This System may include technology that assesses 
contributors to fatigue or physiological indicators of 
fatigue.



Current: 
Knowledge 
Transfer 
Project
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