
DriverLab  

The Toronto Rehabilitation Institute is home to the world’s most technologically advanced rehabilitation 

research facilities. The intelligent Design for Adaptation, Participation and Technology (iDAPT) Centre 

for Rehabilitation Research is a unique space where ideas can be cultivated and tested in challenging 

realistic settings. Through the use of cutting-edge simulation technologies, iDAPT helps find solutions to 

everyday problems. The key research objectives are to 1) prevent injury and illness 2)  ensure that 

people return home from hospital as quickly as possible 3) allow people to live independently in their 

homes for as long as possible. This is achieved by implementing changes to practice and policies, and by 

creating new products and technologies. iDAPT is an internationally renowned research centre where 

scientists from a wide variety of disciplines work alongside clinicians,  engineers, industry partners, and 

consumers. The centrepiece of iDAPT is the Challenging Environment Assessment Lab (CEAL). CEAL 

features a 6-degrees-of-freedom hexapod motion base with hydraulic actuators and 3 interchangeable 

payloads (StairLab, WinterLab, and StreetLab), which simulate different indoor, outdoor and virtual 

environments respectively. These can be used on the motion system or in a stationary configuration. 

 

 

 

 

 

The existing CEAL simulator with StairLab on the 
motion platform (left), StreetLab (center), and 
WinterLab (right). 

DriverLab is a fourth payload that is under development to be used with the existing infrastructure.  It 

will have an Audi A3 mounted on a turntable above the existing motion system. The vehicle will retain 

its original internal components (e.g., steering wheel, gas/brake pedals, seats, dashboards), but will also 

contain customizable interfaces and sophisticated measurement devices. A 360 degree projection 

system will immerse users in a seamless high resolution stereoscopic virtual environment, complete 

with a realistic surround soundscape. One-of-a-kind features will include a weather simulator to produce 

real rain droplets on the windshield and a robotic glare simulator that will recreate the harsh glare of 

oncoming headlights. Several high performance computers will render the virtual scenery, run the 

simulations, manage and synchronize the behavioural measurement devices, and record data. It will 

enable the recreation of a wide variety of driving scenarios, including urban, suburban, rural, and 

freeway environments under various lighting and weather conditions, with the ability to vary pedestrian 

and vehicle traffic and initiate unexpected obstacles and events. DriverLab will be the only simulator of 

its kind in Canada and will be comparable to the most sophisticated driving simulators in the world.  

http://www.idapt.com/
http://www.idapt.com/index.php/labs-services/research-labs/ceal-labs
http://www.idapt.com/index.php/labs-services/research-labs/ceal-labs/stairlab
http://www.idapt.com/index.php/labs-services/research-labs/ceal-labs/winterlab
http://www.idapt.com/index.php/labs-services/research-labs/ceal-labs/streetlab


    
DriverLab Renderings, with Dome, Projectors, Rain, and Glare Systems 

Project Background 
The coming together of this one-of-a-kind technology within Toronto Rehab, a scientific hub specialized 

in the integration of clinical, engineering, and industrial sectors, will place Canada as a global leader in 

driving research. Indeed, the World Health Organization has declared 2011-2020 the Decade of Action 

for Road Safety, making the launch of this research program particularly timely, visible, and impactful.  

Every year across the globe 1.24 million people die in motor vehicle collisions and up to 50 million 

others suffer from disabling injuries. Vehicle collisions are also the number one cause of accidental 

death in Canada and cost Canadians $62.7 billion per year. Overrepresented in these statistics are older 

adults, who are involved in as many crashes per kilometer driven as 16 year olds. This is likely due to the 

increased prevalence of age-related medical conditions, including sensory and cognitive impairments 

that often go undiagnosed. That said, as people age, driving helps them to maintain independence; it 

signifies health, well-being, activity, and freedom. Losing one’s license can be catastrophic. Therefore, it 

is important to support driving in older adults for as long as safely possible. Given that by 2024 one 

quarter of Canada’s driving population will be over 65, now is the time to address this growing concern. 

Unlike the current “gold standard” of on-road testing, which occurs during clear daytime conditions, 

simulation can enable the evaluation of driving under conditions when collisions are most likely to occur 

(e.g., night time, poor weather), while ensuring driver safety. However, existing high-level driving 

simulators are developed almost exclusively by vehicle manufacturers to optimize vehicle design, rather 

than considering the effects of human conditions on driving safety and performance.  

Primary Objectives 
The primary research objectives of DriverLab will be to develop sensitive methods for driver assessment, 

more effective methods for driver training, better recommendations for vehicle design, and a careful 

evaluation of the interactions between drivers and in-car technologies. Foremost, DriverLab will be used 

to determine the impact of health on driving performance, aiming to increase driver safety in healthy 

older drivers and patient populations. For each of these objectives we will be evaluating driving 

performance across a wide range of populations (individuals of different ages, with sensory, cognitive, 

or physical impairment) and across a variety of realistic and challenging driving scenarios.  We will work 

closely with our collaborative partners including the Ontario Ministry of Transportation, driver 

examiners (Serco), clinicians (including geriatricians, family physicians, and occupational therapists), 

automobile manufacturers, and simulation development companies. 



Research Goals 
Support independent aging through customized licencing for individual based driving restrictions. As 

we age, driving takes on increasing importance in helping to maintain independence. From a personal, 

societal, and economic perspective, it is important to allow older adults to continue driving as long as 

safely possible given that driving cessation often leads to social isolation, increased reliance on others, 

decreased participation in the community, loss of self-esteem, and depression. There are currently no 

sensitive methods available to assess “fitness-to-drive”, and on-road testing is still considered the gold 

standard. However, on-road tests typically occur during clear, daytime conditions, and thus do not 

permit driving evaluations under challenging conditions such as night time with glare, poor weather, 

conditions of high cognitive load, or unexpected events. The long-term goals of this research program 

will be to inform licensing authorities about options for customized licensing programs. Specifically, 

certain individuals may be perfectly safe to drive under less challenging conditions (e.g. on city streets, 

at slower speeds, during the day), but may pose more of a risk during more challenging conditions. 

Customized licensing would mean that rather than revoking a driver’s license completely, behaviors 

would be strategically limited to conditions under which they have been deemed “low risk”. 

Examine the impact of medical conditions on driving performance. 65 and older is the fastest growing 

segment of the driving population. Chronic medical conditions are the primary cause of the high crash 

risk per km driven in older drivers. For example, dementia is associated with a 2.5-fold increase in crash 

risk and by 2031, 1.4 million people in Canada will have dementia. In Ontario alone, it is estimated that 

there are currently about 60,000 drivers with dementia, and this is estimated to increase to about 

100,000 by 2030. We aim to develop a reliable test to determine fitness-to-drive for those with mild 

cognitive impairment and dementia. 

Examine the effects of medication on driving performance. One in five older adults are prescribed a 

psychotropic medication and almost half of the 25% of Canadians who experience chronic non-cancer 

pain (CNCP) take analgesic medication. Opioids are the strongest and most powerful analgesics, but 

their use for CNCP is very controversial. There is evidence that opioids are effective for CNCP, however 

little is known with respect to the efficacy of these medications in the long-term. There is some evidence 

indicating that the use of long-term opioids may cause cognitive and psychomotor deficits that impair a 

person’s abilities to drive. DriverLab will be used to systematically determine the effect of long-term 

opioid use on driving performance. 

Address the associations between major sleep disorders and driving performance. It has been 

estimated that 15%-33% of all fatal crashes involved drowsy drivers. One of the main causes of sleep 

deprivation is major sleep disorders, and one of the most common of these disorders is sleep apnea.  

Obstructive sleep apnea causes a person to stop breathing at least 10-15 times an hour during sleep. 

While 10% of the population is thought to suffer from sleep apnea, 90% of these individuals remain 

undiagnosed. Given its prevalence and the significant consequences for driving safety, we will also strive 

to develop methods of preventing, detecting, and diverting drowsiness during driving. 

Establish best practices for driver testing and training. Cognitive training or “brain exercise” is an 

emerging field of research showing promising results in improving visual attention, reaction time, and 

working memory. For many individuals, driving is one of the most complex cognitive tasks that they will 



perform each day. There has been very little work conducted to evaluate the specific effects that 

cognitive training can have on improving driving skills. Therefore, we will evaluate whether different 

types of established and novel cognitive training protocols will have an effect on driving performance 

across different populations. 

Develop optimized driving simulation technologies. For driving simulations to serve as valid and reliable 

tools for driver training and testing, the driving experience and resultant behaviours must correlate to 

real world driving. We will work with commercial partners to develop simulation technologies for use in 

testing centres that maximize fidelity, reduce adverse side effects such as simulator sickness, and lead to 

valid methods of assessment and training. We have already conducted and published several studies 

and will continue to address the issue of reducing simulator sickness as much as possible.  

Evaluate vehicle design features for an aging population. Automobile manufacturers are using 

technology to provide consumers with enhanced comfort and quietness. For example, adaptive 

suspension improves comfort by constraining the pitch and roll of the car body and active noise 

cancellation employs the vehicle’s audio system to reduce noise within the cabin. Preliminary findings 

demonstrate that the current trend of quiet interiors, sound deadening, and adaptive suspension 

further limits important sensory cues for driving, which may be particularly detrimental for older drivers 

who often already experience sensory loss. 

Advanced driver assistance systems are a major focus of modern vehicle manufacturing. These systems 

autonomously identify, mitigate, and alert drivers to potential risks. Some examples of these systems 

include: blind spot detection, collision avoidance systems, adaptive headlights, automatic parking, and 

lane departure warning systems. Though designed to theoretically increase safety, the full effects of 

driver assistance systems have yet to be determined. We will evaluate the impact of modern car safety 

systems and semi-autonomous vehicle features on driving performance measures. 

Road fatalities caused by distracted driving now exceed those caused by impaired driving. Importantly, 

the deployment of attention changes as we age and with various medical conditions. Therefore, the 

current trend of integrating numerous navigation, entertainment, and communication systems into cars 

raises the concern that this will further increase the prevalence of distraction. We will provide 

functional guidelines for in-car devices to ensure their safety across different populations. 

Impact 
The outcomes of DriverLab research will help to reduce the emotional, physical, and financial costs of 

vehicle collisions in Canada by reducing their occurrence. It will support healthy, independent aging by 

allowing older adults to safely perform the activities of daily living that typically involve vehicular travel 

including, attending medical appointments, engaging in employment and volunteer opportunities and 

participating in social events. It will provide the knowledge required to provide improved testing and 

training of older drivers and new drivers through the use of simulation. This research will also help to 

optimize vehicle design and in-car devices to be safely used across a variety of different populations.  

Overall, motor vehicle trauma has been referred to as a major, increasing “public health epidemic” for 

which limited research activities and resources have been focused on resolving. DriverLab will help to fill 

this gap by facilitating empirical research that will help to support changes in policy, practice, and design 

(of vehicle and environment) in profound and tangible ways. 


