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INTRODUCTION

Toyota’s corporate philosophy values working with others outside of 
our everyday work. Collaboration has become a key principle for 
Toyota, as important as The Toyota Way, our process developed and 
honed for building high-quality vehicles. This emphasis on 
collaboration is unique in our industry. And, since its launch in 2011, 
the Collaborative Safety Research Center (CSRC) is one of the finest 
examples of this philosophy in action. 

More than ever, our industry is focused on the future. With emerging technologies in connectivity automation, 
shared services and electrification, often referred to in the industry as CASE, the coming decades promise to 
transform the way people move. How can we ensure that humans safely interact with these developing mobility 
technologies?  Toyota R&D adds human-centric to this, so that the acronym becomes CHASE, reflecting the impor-
tance of people in technology development. 

CSRC is at its core a group of world-class research scientists passionate about safety. But CSRC is by design more 
than a way to fund research projects. It’s about making sure those projects have an impact beyond Toyota.

CSRC scientists team up with outside experts at some of the world’s best mobility safety research institutions. 
CSRC also works with safety stakeholder groups, government agencies and professional organizations to identify 
and create new solutions that can improve safety. Together, these teams attempt to pursue projects that will make 
a difference. Toyota, the industry and society all benefit from the research done at CSRC. First, the research 
findings are considered for our own vehicles when it is appropriate. But CSRC results also are shared openly, so 
other automakers can apply the findings, and other research institutions can build on these studies.



CSRC AT 10 YEARS
For the last 10 years, CSRC has been advancing research and technology for the safe integration of future mobility 
solutions for all. The magic of having CSRC researchers in-house is ideas have the opportunity to be brought back 
to teams within Toyota to come up with solutions, bringing new functions to Toyota vehicles. Inside Toyota, CSRC 
research projects have led to improvements to Toyota Safety Sense, the suite of crash-avoidance technologies 
found throughout the Toyota lineup. Studying the way humans use automation will be applied to vehicles with 
advanced technology capabilities. Some of these features have gone from the drawing board into customers’ cars 
in just a few years – lightning speed by automotive standards. 

For the broader safety community, CSRC has contributed to the next generation of Toyota’s Total Human Model for 
Safety (THUMS). THUMS is not only used to enhance safety development within Toyota; It is available for free to use 
by independent researchers or other companies. CSRC’s research into in-vehicle sensing may cut down on lives lost 
due to heart emergencies. Ground-breaking work on the interaction between drivers and outside road users may 
help reduce the number of pedestrian fatalities. A CSRC-designed pedestrian crash-avoidance dummy is being 
used to refine automatic emergency braking. 

Since its inception, CSRC has completed 85 research projects with more than 30 different institutions, published 
over 260 research papers, and engaged more than 300 researchers, who have publicly shared the output globally.

During its first five years, CSRC focused its research efforts on three distinct research areas or “Tracks”: Vulnerable 
Road Users, Distracted Driving, and Advanced Driver Assistance Systems.  These Tracks, combined with a diverse set 
of pre-crash, crash, and post-crash research problems addressed and led to many important safety results.  These 
results were chronicled in 2017 in a report available for download HERE. 

For the last five years, CSRC has built upon this strong legacy of collaboration and outreach through its so-called 
“CSRC NEXT” phase.  For this phase of work, CSRC directed its research to help create safe transition to future 
mobility.  Toward this goal, four new research tracks were identified: Safety Systems Integration, Human-Technology 
Integration, Drive State Detection, and Data Analytics/Naturalistic Driving Datasets.

As CSRC looks to the next five years, it will work with its partners on human-centric solutions that could make a 
difference in the real world. Vehicles are changing. Technology and mobility are evolving. It’s an exciting time to be 
in the industry, and CSRC is at the center of the effort to make future mobility safer. 
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LEADERSHIP STATEMENTS
When the Collaborative Safety Research Center (CSRC) was announced in 2011, President 
Akio Toyoda challenged the CSRC to work with leading North American research 
institutions and other collaborators on safety projects that benefit the entire industry. 
That research model has remained unchanged for the last 10 years. It has guided CSRC 
in developing exciting new partnerships with top experts throughout the safety 
community and openly sharing results for the benefit of society.  

CSRC research has investigated safety problems that are not unique to North America. 
Findings from these projects have helped to guide research into safety issues around the world.  
Through such efforts, safety enhancements may be pursued for customer and societal benefits regardless of their 
location.

Under the new normal of living with COVID, the CSRC model of partnership for societal benefits stands out. These 
partnerships in CSRC at every stage of the research process have enhanced the scientific safety contributions 
beyond what could be done as Toyota alone.  Toyota continues to benefit from the exciting new ideas developed in 
collaboration with these research collaborators.  

CSRC has announced new research tracks for the next five years to align with the exciting new trends in the future 
of mobility. Yet Toyota’s model for CSRC remains the same as it was at its founding: Partnership with other experts 
and openly sharing safety research for societal benefit.  I look forward to witnessing the continuation of this 
important work.

Seigo Kuzumaki
Fellow, Advanced R&D and Engineering Company
Toyota Motor Corporation
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CSRC plays a strategic role for Toyota. It's one of the ways that we look to the future of 
safety and determine appropriate direction for our company, for our vehicles and for our 
technology, to better serve our customers.

We invested over $85 million in the first 10 years and have announced our plan to 
invest another $30 million for the next five years. But we view this investment as not 
only a way to help Toyota, but to benefit society as a whole. 

CSRC research is open, meaning that it is shared with the industry and stakeholders, including 
government decision makers, to maximize its impact on helping to make mobility safer. We're already seeing some 
of the impact of our prior work on helping guide direction of regulations and determining which technology to 
prioritize.

Partnerships are important to CSRC’s efforts. We realize that we may not have all the answers within Toyota, and it's 
beneficial to get fresh ideas from outside, so we collaborate with the best and brightest thinkers from the research 
community to develop new safety solutions. When we go out and hear ideas from university researchers, we are 
often inspired by their passion and excitement for the particular field of their investigation. We find new ideas that 
help us lead and take the research to a higher level.  

These two characteristics – public sharing of the research and strategic collaborations – are what sets CSRC apart. 
This is an exciting time in the industry. The opportunities presented by machine learning, electrification and other 
technological breakthroughs enable us to rethink how we approach safety at a vehicle level and on a greater 
societal level. How we move people is changing, and this change brings opportunities to elevate the level of safety 
for people. 

The research we’re doing today can help change the future. 

Monte Kaehr
Group Vice President, Advanced Mobility R&D
Toyota Motor North America R&D
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CSRC NEXT RESEARCH 
TRACKS AND PROJECTS 

In 2017, CSRC launched its second five-year research phase, called 
CSRC NEXT, to build upon the insights gained from the first five years. 
It directed $35 million towards safety research with an emphasis on 
the challenges and opportunities of autonomous and connected 
vehicle technologies over the next decade.

These projects were framed by four strategic research tracks 
reflecting Toyota’s understanding of the importance of human 
interaction with emerging and advanced vehicle technologies. 

- [ ] Diogo (.5 hours) 



HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

TRACK 1 – SAFETY SYSTEMS INTEGRATION
2017 Goal: The potential integration of active and passive safety 
systems, using advanced pre-crash sensors to improve and 
personalize crash protection

Under the umbrella of Safety Systems Integration, CSRC set out to better understand how active and passive safety 
systems could interact, with an eye toward the future when more cars would be equipped with proven 
crash-avoiding features, new safety structures and restraints, and automation. The research underpins the benefits 
of rolling out features that have shown to save lives and prevent serious injuries. The research also helps 
decision-makers from automakers and regulators identify what new technologies to prioritize next. In this research 
track, CSRC’s modeling framework was adopted by the National Highway Traffic Safety Administration as a basis for 
its own work understanding how to predict and prioritize future safety challenges. 
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For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 



HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

NEARLY

60%
OF SERIOUS 

INJURIES COULD
BE PREVENTED
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For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 



HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 
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For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 
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HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 
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HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 
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HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 
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TRACK 2 – HUMAN TECHNOLOGY INTEGRATION

2017 Goal: Building advanced technology and user experience models 
for individuals and society in order to improve usability and 
strengthen the driver-vehicle relationship. 

CSRC understands that safety happens in the real world, a space that is inhabited by people and vehicles. 
Engineering advances may look good on paper, but they’re only as good as how they are used by people in and 
around actual vehicles. Under the Human Experience research track, CSRC wanted to understand how people were 
interacting with the latest technology. It also supported numerous studies that informed the research community 
about how widespread some known risky behaviors actually are, while testing the effectiveness of simple 
countermeasures. Here, CSRC took ideas off the drawing board and into the human experience. 



HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 

HIGHLIGHTS:

Understanding Risky Driving 
(University of Michigan Transportation Research Institute)

Some of the most basic risky behaviors in cars are well-known: from using a cell phone and eating to speeding or 
tailgating. But there’s a difference between knowing that certain habits are dangerous and knowing how to 
influence changes in behavior. Without understanding who does these behaviors and when, actions taken to 
encourage safe driving choices may use valuable public resources but remain ineffective. For example, a number of 
states have passed laws to curtail behavior like cell-phone use. Despite many of these well-meaning measures, 
drivers continue to take these unnecessary risks behind the wheel.  

In a naturalistic study done with the University of Michigan’s Transportation Research Institute, CSRC’s Tina Sayer 
set about to rigorously document some common problem behaviors. They showed some risky actions are much 
more common than drivers report, like using a phone while driving. Nearly every participant did some speeding, 
tailgating, and every driver reached for something while driving. Moreover, some risky actions are pre-planned, like 
when food is kept within easy reach or a trip that starts so late the driver can’t get to a destination on time without 
exceeding the speed limit. The research team was surprised that certain personality traits didn’t correlate well with 
risky decisions. 

This work provides a more nuanced understanding of how risky behaviors happen inside a vehicle among different 
segments of the population. With more research, the psychology behind certain bad habits and simple solutions 
that can change behavior will be better understood. In the same way that the field of behavioral economics has led 
to better retirement savings habits, this research promises to find practical ways to nudge people into safer driving.  
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Consumer Understanding of Driver Assistance Systems 
(Rockville Institute)

As cars become more sophisticated in terms of automation or advanced safety features, it’s becoming more 
important to understand how these technologies work. Overestimate a system’s capabilities, and a driver may rely 
on it too much. Since features like forward-collision warning and automatic emergency braking are so different 
from traditional car features, there’s a wide disparity in what people actually know about the capabilities and 
limitations of new safety features.  

CSRC’s John Lenneman teamed up with the Rockville Institute (the non-profit arm of Westat) to get to the bottom 
of the knowledge gap. They wanted to know more about how people learn about vehicle functions, and how that 
understanding evolves over time. The team used surveys and on-the-road observation to gauge how well drivers 
understood technology. They evaluated sources as diverse as commercials, YouTube videos, traditional owner’s 
manuals, and real-world driving experiences. They identified different kinds of learners and different techniques to 
teach them. One surprising conclusion was customers who thought they understood the technology the best often 
misunderstood the technology the most. 

The CSRC research impacted how Toyota thinks about customer education and will inform future efforts to teach 
customers how their increasingly sophisticated vehicles work. The research may be used by dealers, who are often 
a trusted source of information, and to refine written owners’ manuals, which are still one of the most important 
ways to teach drivers about their vehicles.

TRACK 2 PROJECTS:

Framework and Analysis of Driver-Initiated Automation Overrides
(University of Wisconsin-Madison)
The research team explored naturalistic driving data containing driver takeover from vehicle automation systems. 
The data informed a framework for understanding appropriate human interactions with driving automation 
systems, including how to respond to different motivations of drivers. Researchers found that the reasons for driver 
takeover are diverse and require a range of countermeasures to facilitate appropriate use of driving automation. 
When applied, the developed framework could help vehicle automation adapt to the needs of the driver to 
improve safety and help users understand the complexity of the system. 

A Neuroergonomic Evaluation of Mental Models and Level 
2/3 Automated Vehicle Technologies
(George Mason University)
The research team set out to understand how driver mental 
models associated with driver assistance systems evolve with 
time and experience using a driving simulator. The research 
team found differences in signals from the human brain 
(i.e., electroencephalography (EEG)) depending on what 
driver assistance systems were used and whether 
drivers were informed of their function prior to the 
study.  The findings help build understanding of the 
effort and time required to build familiarity of novel 
in-vehicle safety systems and can help guide more 
intuitive systems in the future.

Understanding Driver Behavior in Different Complex Situations 
(University of Washington)
The research team investigated the strategies drivers used to reduce risks 
while driving. Using data/video previously collected, they analyzed 
speed and engagement in Non-Driving Related Tasks (NDRTs) in a small 
set of driving scenarios such as pedestrian crosswalks, roundabouts, and 
high-volume intersections.  Differences found between the scenarios 
indicate that risk mitigation behavior while driving is context dependent 
and subject to individual differences. For example, drivers approaching 
yellow or red traffic signals were 6 to 9 times more likely to engage in 
NDRTs compared to green lights. By understanding driver behavior trends in 
specific scenarios, future distracted driving countermeasures can potentially 
be developed for high-risk contexts.

Exploring Stimuli to Elicit Safer Semi-Automated Driving
(San Francisco State University/University of California, San Francisco)
The research team investigated the effectiveness of a training approach for eliciting efficient behaviors in 
semi-automated driving called optimal-response signaling (ORS). Specifically, ORS has the potential to increase the 
reliability, speed, and accuracy of a driver’s responses to a handful of signals and stimuli from both the vehicle and 
from outside of the vehicle. The research team found in a controlled biosensing-enabled virtual reality 
environment that ORS training can make some responses more automatic. This could be beneficial in situations 
where even milliseconds of difference in response are important.

Exploring Ways to Enhance Trust of and Comfort with Automated Driving Systems
(Georgia Institute of Technology)
The research team investigated the methods in which multimodal information should be integrated into future 
automation. Researchers found that presenting information about the driving task that is observable (information 
that can be confirmed by driver), predictable (information about future state) and directable (provides instruction 
about what driver should do) is more likely to enhance comfort and trust in vehicle automation. HMIs that 
incorporate observability, predictability and directability can facilitate comfort and trust and in turn, lead to 
acceptance and appropriate utilization of vehicle automation. 

Exploring Risk-ATTEND (Risk-Anticipation Training to Enhance Novice Driving) as a Means to 
Improve New Drivers’ Skills
(University of Massachusetts-Amherst)
The research team developed a prototype of Risk-ATTEND, an interactive program to train teen drivers to identify 
hidden hazards in many everyday driving scenarios. Using the prototype training, researchers analyzed driving skills 
to measure changes in driving behaviors and potential hazard recognition time. Researchers are currently finishing 
prototype development with results to be shared by the end of May 2022. Past research on hazard anticipation 
training has shown it to be promising in reducing crash rates by increasing visual scanning and target identification.

Creating Observable and Directable Vehicle Automation
(University of Wisconsin-Madison)
The research team examined ways to create relationships between driving automation users and vehicles by 
allowing the user to observe and direct the automation. Researchers found that allowing drivers to have 
customization and influence over the technology can illicit greater comfort and willingness to use vehicle 
automation systems. Comfort and trust in technology can lead to improved safety. 



HIGHLIGHTS:

Estimating Future Benefits of
Safety Systems 
(Virginia Tech)

With all the advances in safety technology, why aren’t highway fatalities 
going down instead of increasing? One answer is that it takes a while for 
innovations to become widespread. People are holding onto their 
vehicles for 10 years or more; it takes many years before the fleet fully turns 
over. This makes it challenging to identify which new vehicle safety features to 
prioritize next.  But what if every vehicle on the road was fully equipped with 
crash-prevention features? 

To find out, CSRC’s Rini Sherony worked with Virginia Tech to run models that projected the lives saved and injuries 
prevented over the next few decades, assuming greater and greater deployment of safety features. They started 
modeling with more traditional “passive” safety features – like the latest vehicle structures. They extended their 
work to include technology like automatic emergency braking, lane-keeping assistance and blind-spot warning. 
They showed that more than a million crashes could be avoided – over half of all U.S. crashes. Plus, nearly 60 
percent of serious injuries could be prevented. 

By looking at what crashes were left – the residual gap in prevention – engineers could identify what features to 
prioritize next for continued safety gains.  These studies also underscore the benefits of wider deployment and 
quicker adoption within the fleet. Regulators and policymakers may be able to 
understand what safety standards will be most beneficial. 

Expanding Use of Human
Body Modeling
(University of Virginia, Wake Forest University)

Crash-test dummies have been around for decades, 
and have proven incredibly useful for improving 
crash safety, but they’re still limited in the types of 
injuries they can predict. Virtual human-body 
models offer the potential to greatly enhance our 
understanding of how the forces unleashed 
during a vehicle crash can cause injuries. 
Additionally, they may be particularly useful for 
the many possible novel interiors and postures 
that could be enabled by future driving 
automation systems. The idea of a virtual 
human-body model emulates techniques 
engineers use building cars with 
computer-assisted design. 

For virtual human-body models to be useful, a lot of legwork has to be done. The computer-simulated bodies have 
to act the way bodies do in the real world. CSRC’s Jason Hallman worked with teams at the University of Virginia to 
do some of this painstaking research. The researchers carefully mapped the ways tissue samples acted when force 
was applied, developing computer models for the fatty parts of the body around the abdomen. Then they did the 
same thing with bones in the human lumbar spine. 

With these refined computer models, researchers are now better able to predict abdominal and spinal injuries in 
new types of resting seating positions – how increasing numbers of passengers may choose to sit in future cars 
equipped with automated driving systems. These findings were directly implemented into the next version of the 
Total Human Model for Safety (THUMS), a human body model developed by Toyota and made freely available in 
2021.  Partners at Wake Forest University helped develop best practices for engineers using virtual human-body 
models for use by industry groups and writing new standards. In the long run, these efforts should help engineers 
consider a larger variety of crashes with improved speed and efficiency, making vehicles even safer than they are 
today. 

TRACK 1 PROJECTS:

Protecting Rear Seat Occupants in Evasive Maneuvers
(Children’s Hospital of Philadelphia)
The research team set out to identify how rear-seated children and adults move and respond during automatic 
emergency braking and other evasive maneuvers. They had a goal to further enhance future crash protection in 
vehicles with automated crash avoidance systems. The team discovered that in hard braking events, the complex 
pattern of braking time and severity contributed to the amount of forward motion. Because of the varied response 
with the types of braking applied, pre-crash brake pulse shape was identified as an opportunity for developing new 
innovative technologies to enhance crash protection. 

Benefits of Adaptive Headlights 
(University of Iowa)
The research team investigated the benefits of headlamp-based warning systems that project icons in front of 
pedestrians and bicyclists.  The study was done using a vehicle and a pedestrian/bicyclist simulator. Researchers 
found that the system has a major positive safety impact on drivers and pedestrians/bicyclists, potentially up to 
50% crash reduction in dark conditions. The adaptive headlight system studied in this project helps drivers to see 
pedestrians/bicyclists and vice versa earlier than a regular headlight and, as a result, could help prevent/mitigate 
many nighttime pedestrians/bicyclist crashes. Research like this contributed to recent NHTSA action to permit 
these types of headlight systems. 

More details on this project can be found HERE.

Exploring New Deep Learning-Based Object Detection/Recognition Algorithm for Driver 
Assistance/Automated Driving Systems
(MIT) 
The research team sought out to create a new deep learning-based object detection/recognition algorithm that 
can detect and classify a variety of objects in complex driving environments to assist in automated driving systems. 
As a result, researchers successfully developed an algorithm that can detect and classify 12 different road class 
objects. Such algorithms can detect and classify objects at a faster rate and improve over time due to learning. As a 
result, the performance of advanced driver assistance and automated driving could be improved and enhanced for 
safe operation in real-time driving, and MIT made the resulting database freely and widely accessible to other 
researchers and industry members.

Occupant Responses to Automated 
Vehicle Crash Avoidance
(UMTRI) 
The research team investigated how, in future 
automated vehicles, anticipation and awareness of a 
potential crash could affect an occupant's movements 
and response to abrupt vehicle crash avoidance maneuvers. 
Researchers found a small, but statistically significant, 
difference between the initial “surprise” evasive maneuver and 
the subsequent exposure. Overall variation in responses was as large 
as the average, suggesting that the population response was highly variable 
and dependent on things other than easily observed factors like age, height, weight, 
and gender. This discovery suggests that one's motion response to a particular crash avoidance maneuver does not 
only depend on physics/engineering, but also on human behaviors when a person is startled or surprised. 

Analysis of Residual Crashes that Remain in 2025 and Beyond After ADAS Systems are
Widely Deployed
(Virginia Tech)
The research team investigated the types of crashes remaining after advanced sensors are deployed for driver 
assistance systems in 2025 technology and beyond. Researchers discovered that additional crash reduction and 
injury mitigation were seen with advanced sensors, especially for road departure and pedestrian crashes. Knowledge 
about remaining crashes is helpful to prioritize future safety system development for further safety enhancement.

Investigation of crashes and near-miss events caused by drivers' pedal misapplication 
(Virginia Tech)
The research team investigated detailed factors and events associated with U.S. crashes due to pedal 
misapplication and methods to detect pedal misapplications in the vehicle. Researchers found that integrating 
countermeasure systems to suppress acceleration, especially if combined with additional automatic emergency 
braking, could potentially reduce crashes and injuries when the accelerator is inadvertently pressed.

Seating Positions and Postures in Autonomous Vehicle Interiors for Maximizing Future Safety
(University of Michigan Transportation Research Institute)
The research team observed what non-driving passengers naturally do during various types of vehicle trips.  This 
data was collected to help understand future needs for novel vehicle interiors without human drivers. Researchers 
found that the right front seat was never adjusted in more than half of vehicles studied; the seat was reclined 5 
degrees from normal upright in only 15% of cases and more than 10 degrees in <1% of cases. The passenger-chosen 
positions of the seat may be considered in future updates to crash ratings for vehicles.

Evaluating the Impact of Frontal Crashes in Novel Postures Enabled by Automated
Driving Systems 
(University of Virginia)
The research team investigated the way human body regions of the abdomen and lumbar spine respond to a 
frontal crash impact when in a highly reclined seating position, a posture expected to be desired with fully 
automated driving systems. The researchers conducted biomechanical experiments on more than 900 tissue 
samples to better understand how the abdominal fat and lumbar spine deform and respond to force. This 
reference data can improve the performance of crash test dummies and virtual assessment tools like Toyota’s 
THUMS Human Body Model. Enhancing these injury prediction tools directly enables future crash protection 
technologies.

Using Human Body Models to Assess Injury in "Virtual Testing" Scenarios
(University of Virginia)
The research team investigated approaches that use human body models to assess injury in “virtual testing” 
scenarios. Researchers developed a new framework that was able to predict injuries to the neck, chest and 
foot/ankle using two popular, but different, human body models. Full-vehicle simulations validated the injury 
predictions compared to current crash real-world field data. This novel method for predicting injury with virtual 
human body models is one step closer to standardizing future use to test and assess vehicle crash performance.

Research of Human Body Model Positioning Best Practices
(Wake Forest University)
The research team investigated approaches to standardize the setup of human body models in “virtual testing” 
scenarios. The researchers developed clear engineering recommendations for model posture and limb 
adjustments, for settling models into vehicle seats by gravity, and for applying seat belts and preparing crash 
simulations. Just like dummies in crash tests, “virtual tests” require a standardized approach to setting up the 
simulation to get repeatable results. This study was one of the first to quantitatively propose a standardized 
pre-positioning and setup process for virtual testing. 

Testing the Relationship Between AEB Braking Pulse and Occupant Motion
(Children’s Hospital of Philadelphia)
The research team investigated to see if effects of brake pulses in a vehicle with automatic emergency braking can 
be replicated in a confined laboratory setting. Researchers developed a device that can successfully replicate 
linear loading using a rotating centrifuge arm. This device can be utilized in future investigations of the relationship 
between different braking strategies and occupant motions.

Investigation of Warning Signals for Sudden Braking Events in 
Driverless Shuttles to Reduce Incidence of Falling Passengers
(Miami University) 
The research team investigated the effectiveness of a warning signal to alert 
passengers in driverless shuttles of sudden braking events. Researchers 
found that most subjects were able to maintain their balance when the 
warning was auditory and presented a minimum of 500 ms prior to 
movement of the platform. Given that future autonomous shuttles can 
estimate the odds of having to emergency brake, a preemptive auditory 
warning can be supplied to help passengers maintain balance, potentially resulting 
in a safer passenger environment. 

Wheelchair Crash Protection in Automated Shuttles
(University of Michigan Transportation Research Institute)
The research team investigated techniques that automated shuttles can use to offer both crash protection and 
independence for wheelchair users similar to those who are seated and belted into seats. Researchers found that 
an automated docking system could maintain rider independence and was up to four times faster than manual 
methods of wheelchair restraint. In addition, users self-reported high confidence when using the piloted systems 
independently, but maneuverability and aesthetic challenges remain. These pilot results highlight remaining 
challenges associated with independent use of safety systems in future automated vehicles. When applied, these 
findings have promise to enhance the benefits of automated driving systems and increase mobility independence 
for those with disabilities. 

HIGHLIGHTS:

Understanding Risky Driving 
(University of Michigan Transportation Research Institute)

Some of the most basic risky behaviors in cars are well-known: from using a cell phone and eating to speeding or 
tailgating. But there’s a difference between knowing that certain habits are dangerous and knowing how to 
influence changes in behavior. Without understanding who does these behaviors and when, actions taken to 
encourage safe driving choices may use valuable public resources but remain ineffective. For example, a number of 
states have passed laws to curtail behavior like cell-phone use. Despite many of these well-meaning measures, 
drivers continue to take these unnecessary risks behind the wheel.  

In a naturalistic study done with the University of Michigan’s Transportation Research Institute, CSRC’s Tina Sayer 
set about to rigorously document some common problem behaviors. They showed some risky actions are much 
more common than drivers report, like using a phone while driving. Nearly every participant did some speeding, 
tailgating, and every driver reached for something while driving. Moreover, some risky actions are pre-planned, like 
when food is kept within easy reach or a trip that starts so late the driver can’t get to a destination on time without 
exceeding the speed limit. The research team was surprised that certain personality traits didn’t correlate well with 
risky decisions. 

This work provides a more nuanced understanding of how risky behaviors happen inside a vehicle among different 
segments of the population. With more research, the psychology behind certain bad habits and simple solutions 
that can change behavior will be better understood. In the same way that the field of behavioral economics has led 
to better retirement savings habits, this research promises to find practical ways to nudge people into safer driving.  

Consumer Understanding of Driver Assistance Systems 
(Rockville Institute)

As cars become more sophisticated in terms of automation or advanced safety features, it’s becoming more 
important to understand how these technologies work. Overestimate a system’s capabilities, and a driver may rely 
on it too much. Since features like forward-collision warning and automatic emergency braking are so different 
from traditional car features, there’s a wide disparity in what people actually know about the capabilities and 
limitations of new safety features.  

CSRC’s John Lenneman teamed up with the Rockville Institute (the non-profit arm of Westat) to get to the bottom 
of the knowledge gap. They wanted to know more about how people learn about vehicle functions, and how that 
understanding evolves over time. The team used surveys and on-the-road observation to gauge how well drivers 
understood technology. They evaluated sources as diverse as commercials, YouTube videos, traditional owner’s 
manuals, and real-world driving experiences. They identified different kinds of learners and different techniques to 
teach them. One surprising conclusion was customers who thought they understood the technology the best often 
misunderstood the technology the most. 

The CSRC research impacted how Toyota thinks about customer education and will inform future efforts to teach 
customers how their increasingly sophisticated vehicles work. The research may be used by dealers, who are often 
a trusted source of information, and to refine written owners’ manuals, which are still one of the most important 
ways to teach drivers about their vehicles.

TRACK 2 PROJECTS:

Framework and Analysis of Driver-Initiated Automation Overrides
(University of Wisconsin-Madison)
The research team explored naturalistic driving data containing driver takeover from vehicle automation systems. 
The data informed a framework for understanding appropriate human interactions with driving automation 
systems, including how to respond to different motivations of drivers. Researchers found that the reasons for driver 
takeover are diverse and require a range of countermeasures to facilitate appropriate use of driving automation. 
When applied, the developed framework could help vehicle automation adapt to the needs of the driver to 
improve safety and help users understand the complexity of the system. 

A Neuroergonomic Evaluation of Mental Models and Level 
2/3 Automated Vehicle Technologies
(George Mason University)
The research team set out to understand how driver mental 
models associated with driver assistance systems evolve with 
time and experience using a driving simulator. The research 
team found differences in signals from the human brain 
(i.e., electroencephalography (EEG)) depending on what 
driver assistance systems were used and whether 
drivers were informed of their function prior to the 
study.  The findings help build understanding of the 
effort and time required to build familiarity of novel 
in-vehicle safety systems and can help guide more 
intuitive systems in the future.

Understanding Driver Behavior in Different Complex Situations 
(University of Washington)
The research team investigated the strategies drivers used to reduce risks 
while driving. Using data/video previously collected, they analyzed 
speed and engagement in Non-Driving Related Tasks (NDRTs) in a small 
set of driving scenarios such as pedestrian crosswalks, roundabouts, and 
high-volume intersections.  Differences found between the scenarios 
indicate that risk mitigation behavior while driving is context dependent 
and subject to individual differences. For example, drivers approaching 
yellow or red traffic signals were 6 to 9 times more likely to engage in 
NDRTs compared to green lights. By understanding driver behavior trends in 
specific scenarios, future distracted driving countermeasures can potentially 
be developed for high-risk contexts.

Exploring Stimuli to Elicit Safer Semi-Automated Driving
(San Francisco State University/University of California, San Francisco)
The research team investigated the effectiveness of a training approach for eliciting efficient behaviors in 
semi-automated driving called optimal-response signaling (ORS). Specifically, ORS has the potential to increase the 
reliability, speed, and accuracy of a driver’s responses to a handful of signals and stimuli from both the vehicle and 
from outside of the vehicle. The research team found in a controlled biosensing-enabled virtual reality 
environment that ORS training can make some responses more automatic. This could be beneficial in situations 
where even milliseconds of difference in response are important.

Exploring Ways to Enhance Trust of and Comfort with Automated Driving Systems
(Georgia Institute of Technology)
The research team investigated the methods in which multimodal information should be integrated into future 
automation. Researchers found that presenting information about the driving task that is observable (information 
that can be confirmed by driver), predictable (information about future state) and directable (provides instruction 
about what driver should do) is more likely to enhance comfort and trust in vehicle automation. HMIs that 
incorporate observability, predictability and directability can facilitate comfort and trust and in turn, lead to 
acceptance and appropriate utilization of vehicle automation. 

Exploring Risk-ATTEND (Risk-Anticipation Training to Enhance Novice Driving) as a Means to 
Improve New Drivers’ Skills
(University of Massachusetts-Amherst)
The research team developed a prototype of Risk-ATTEND, an interactive program to train teen drivers to identify 
hidden hazards in many everyday driving scenarios. Using the prototype training, researchers analyzed driving skills 
to measure changes in driving behaviors and potential hazard recognition time. Researchers are currently finishing 
prototype development with results to be shared by the end of May 2022. Past research on hazard anticipation 
training has shown it to be promising in reducing crash rates by increasing visual scanning and target identification.

Creating Observable and Directable Vehicle Automation
(University of Wisconsin-Madison)
The research team examined ways to create relationships between driving automation users and vehicles by 
allowing the user to observe and direct the automation. Researchers found that allowing drivers to have 
customization and influence over the technology can illicit greater comfort and willingness to use vehicle 
automation systems. Comfort and trust in technology can lead to improved safety. 
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HIGHLIGHTS:

Understanding Risky Driving 
(University of Michigan Transportation Research Institute)

Some of the most basic risky behaviors in cars are well-known: from using a cell phone and eating to speeding or 
tailgating. But there’s a difference between knowing that certain habits are dangerous and knowing how to 
influence changes in behavior. Without understanding who does these behaviors and when, actions taken to 
encourage safe driving choices may use valuable public resources but remain ineffective. For example, a number of 
states have passed laws to curtail behavior like cell-phone use. Despite many of these well-meaning measures, 
drivers continue to take these unnecessary risks behind the wheel.  

In a naturalistic study done with the University of Michigan’s Transportation Research Institute, CSRC’s Tina Sayer 
set about to rigorously document some common problem behaviors. They showed some risky actions are much 
more common than drivers report, like using a phone while driving. Nearly every participant did some speeding, 
tailgating, and every driver reached for something while driving. Moreover, some risky actions are pre-planned, like 
when food is kept within easy reach or a trip that starts so late the driver can’t get to a destination on time without 
exceeding the speed limit. The research team was surprised that certain personality traits didn’t correlate well with 
risky decisions. 

This work provides a more nuanced understanding of how risky behaviors happen inside a vehicle among different 
segments of the population. With more research, the psychology behind certain bad habits and simple solutions 
that can change behavior will be better understood. In the same way that the field of behavioral economics has led 
to better retirement savings habits, this research promises to find practical ways to nudge people into safer driving.  

Consumer Understanding of Driver Assistance Systems 
(Rockville Institute)

As cars become more sophisticated in terms of automation or advanced safety features, it’s becoming more 
important to understand how these technologies work. Overestimate a system’s capabilities, and a driver may rely 
on it too much. Since features like forward-collision warning and automatic emergency braking are so different 
from traditional car features, there’s a wide disparity in what people actually know about the capabilities and 
limitations of new safety features.  

CSRC’s John Lenneman teamed up with the Rockville Institute (the non-profit arm of Westat) to get to the bottom 
of the knowledge gap. They wanted to know more about how people learn about vehicle functions, and how that 
understanding evolves over time. The team used surveys and on-the-road observation to gauge how well drivers 
understood technology. They evaluated sources as diverse as commercials, YouTube videos, traditional owner’s 
manuals, and real-world driving experiences. They identified different kinds of learners and different techniques to 
teach them. One surprising conclusion was customers who thought they understood the technology the best often 
misunderstood the technology the most. 

The CSRC research impacted how Toyota thinks about customer education and will inform future efforts to teach 
customers how their increasingly sophisticated vehicles work. The research may be used by dealers, who are often 
a trusted source of information, and to refine written owners’ manuals, which are still one of the most important 
ways to teach drivers about their vehicles.

TRACK 2 PROJECTS:

Framework and Analysis of Driver-Initiated Automation Overrides
(University of Wisconsin-Madison)
The research team explored naturalistic driving data containing driver takeover from vehicle automation systems. 
The data informed a framework for understanding appropriate human interactions with driving automation 
systems, including how to respond to different motivations of drivers. Researchers found that the reasons for driver 
takeover are diverse and require a range of countermeasures to facilitate appropriate use of driving automation. 
When applied, the developed framework could help vehicle automation adapt to the needs of the driver to 
improve safety and help users understand the complexity of the system. 

A Neuroergonomic Evaluation of Mental Models and Level 
2/3 Automated Vehicle Technologies
(George Mason University)
The research team set out to understand how driver mental 
models associated with driver assistance systems evolve with 
time and experience using a driving simulator. The research 
team found differences in signals from the human brain 
(i.e., electroencephalography (EEG)) depending on what 
driver assistance systems were used and whether 
drivers were informed of their function prior to the 
study.  The findings help build understanding of the 
effort and time required to build familiarity of novel 
in-vehicle safety systems and can help guide more 
intuitive systems in the future.

Understanding Driver Behavior in Different Complex Situations 
(University of Washington)
The research team investigated the strategies drivers used to reduce risks 
while driving. Using data/video previously collected, they analyzed 
speed and engagement in Non-Driving Related Tasks (NDRTs) in a small 
set of driving scenarios such as pedestrian crosswalks, roundabouts, and 
high-volume intersections.  Differences found between the scenarios 
indicate that risk mitigation behavior while driving is context dependent 
and subject to individual differences. For example, drivers approaching 
yellow or red traffic signals were 6 to 9 times more likely to engage in 
NDRTs compared to green lights. By understanding driver behavior trends in 
specific scenarios, future distracted driving countermeasures can potentially 
be developed for high-risk contexts.

Exploring Stimuli to Elicit Safer Semi-Automated Driving
(San Francisco State University/University of California, San Francisco)
The research team investigated the effectiveness of a training approach for eliciting efficient behaviors in 
semi-automated driving called optimal-response signaling (ORS). Specifically, ORS has the potential to increase the 
reliability, speed, and accuracy of a driver’s responses to a handful of signals and stimuli from both the vehicle and 
from outside of the vehicle. The research team found in a controlled biosensing-enabled virtual reality 
environment that ORS training can make some responses more automatic. This could be beneficial in situations 
where even milliseconds of difference in response are important.

Exploring Ways to Enhance Trust of and Comfort with Automated Driving Systems
(Georgia Institute of Technology)
The research team investigated the methods in which multimodal information should be integrated into future 
automation. Researchers found that presenting information about the driving task that is observable (information 
that can be confirmed by driver), predictable (information about future state) and directable (provides instruction 
about what driver should do) is more likely to enhance comfort and trust in vehicle automation. HMIs that 
incorporate observability, predictability and directability can facilitate comfort and trust and in turn, lead to 
acceptance and appropriate utilization of vehicle automation. 

Exploring Risk-ATTEND (Risk-Anticipation Training to Enhance Novice Driving) as a Means to 
Improve New Drivers’ Skills
(University of Massachusetts-Amherst)
The research team developed a prototype of Risk-ATTEND, an interactive program to train teen drivers to identify 
hidden hazards in many everyday driving scenarios. Using the prototype training, researchers analyzed driving skills 
to measure changes in driving behaviors and potential hazard recognition time. Researchers are currently finishing 
prototype development with results to be shared by the end of May 2022. Past research on hazard anticipation 
training has shown it to be promising in reducing crash rates by increasing visual scanning and target identification.

Creating Observable and Directable Vehicle Automation
(University of Wisconsin-Madison)
The research team examined ways to create relationships between driving automation users and vehicles by 
allowing the user to observe and direct the automation. Researchers found that allowing drivers to have 
customization and influence over the technology can illicit greater comfort and willingness to use vehicle 
automation systems. Comfort and trust in technology can lead to improved safety. 
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TRACK 3 – DRIVER STATE DETECTION
2017 Goal: Studying means of monitoring driver condition, working to 
improve mobility using metrics for physiology and health

Our cars, like the smartphones we carry in our pockets, are proving to be incredible tools for providing real-time 
information about ourselves. The Driver State Detection research track went beyond earlier driver-monitoring 
systems, such as internal cameras that ensure drivers are paying attention to the road. Here, CSRC was able to show 
how drivers’ phones or new kinds of seat sensors could predict potentially fatal cardiac conditions with great 
accuracy, sending out a warning even before drivers are incapacitated. Other research provided a template for how 
automakers could identify the most relevant streams of data to collect as they make choices about what kinds of 
information may help enhance the mobility experience.
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HIGHLIGHTS:

Heart Monitoring in Your Car
(University of Michigan Medical School)

Heart disease is the leading cause of death in the U.S., resulting in about 660,000 fatalities a year. The increasing 
risk of in-vehicle cardiac events for senior drivers led CSRC to look at ways real-time health data could be 
collected and analyzed. Could heart signals be isolated from the surrounding noises made from the vehicle or the 
road?

To find out, Pujitha Gunaratne collaborated with medical researchers at the University of Michigan to follow a group 
of cardiac patients while they drove. The subjects wore a sensor used to generate a real-time electrocardiogram. 
The team developed algorithms to isolate the EKGs from background sounds, refining this set of naturalistic-driving 
data. In the end, the researchers were able to show the performance of their algorithms that could predict in-car 
cardiac events as well as standard medical tests done in cardiology clinics. They were able to isolate patterns that 
could accurately predict arrythmias about five minutes ahead of time – long enough to warn drivers of the need to 
pull over and get help – or send a medical team to assist. 

More than 18 million adults in the U.S. live with heart disease. Not everyone will 
want to wear a monitor all the time. So, the team next looked at whether 
unobtrusive sensors could be added to the seats or other parts of the vehicle 
interior, and whether those devices could pick up similar kind of cardiac 
patterns. The research is continuing, but the results are promising so far. 
Someday, your car may help you care for your health and wellness, with 
providing warnings at early stages that could save your life.

Data Recording That Counts 
(Texas A&M)

Today’s vehicles contain multiple chips and computers, all 
capable of generating enormous amounts of information. 
These data streams are potentially useful, but the 
volume can quickly become overwhelming -- terabytes 
can add up quickly. Plus, it’s resource intensive. How 
can automakers, regulators and safety researchers 
determine which data is the most relevant for 
predicting crashes and reducing injuries? 

Working with experts from Texas A&M, CSRC’s John 
Lenneman set off to map out a way to identify the 
best kind of data to collect. Using large datasets and 
machine-learning algorithms, the team conducted an 
in-depth study on one important emerging area of 
safety research – how drivers interact with automated 
driving systems. They combed through a large trove of 
data to find patterns that were useful in predicting 
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errors in certain automated driving scenarios. Predictive patterns are the kind of information that would have the 
highest value for auto companies and researchers. 

The effort provides a template for identifying the vehicle information streams that add the most value. The research 
may be used as a method for deciding which variables to track with electronic data recorders through in-vehicle 
data transponders. Building on this, automakers and the safety community will be able to make sure it all counts. 
That may improve the ways future cars operate and save lives. 

TRACK 3 PROJECTS:

Quantifying Driver Readiness and Take-Over Time Needed in Conditional Automation
(SAE L2/L3)
(University of California San Diego)
The research team investigated how to quantify driver readiness and reaction time in conditional automation. By 
studying driving data using a vehicle instrumented with multiple cameras to observe the driver, researchers 
developed a new metric to measure driver vigilance, the observable readiness index (ORI) and estimated takeover 
times for different non-driving activities. With increased understanding of driver readiness, future automated 
driving systems could further enhance the safe transition of control between the system and the driver.

Assessment of Driver Non-Driving Related Task (NDRT) Behaviors in Low-Speed Conditional 
Automation (SAE L3) - On Road and Simulator Studies
(University of California San Diego/University of Iowa)
The research team expanded the utility of the objective readiness index (ORI) by considering additional scenarios 
relevant to “eyes off” low speed automation such as traffic jams. Understanding driver readiness in such scenarios 
may help to enhance the safety of future conditional automation features.

Naturalistic and Controlled Driving Studies – Transitions in Automated Driving
(University of Iowa)
The research team conducted Naturalistic and Controlled driving studies using a partially automated vehicle to 
create a database for driver readiness estimates. This unique database consisted of naturalistic driver behaviors 
observed under partial automation and choreographed non-driving related tasks in controlled driving study to aid 
the development and validation of readiness estimation algorithms.

Researching Traffic Safety Impact of Glucose Variation in Drivers with Diabetes
(University of Nebraska Medical Center)
The research team investigated the impact of glucose variation in drivers with diabetes for traffic safety. 
Researchers found that hypoglycemia (low glucose) affects driving performance and creates potential traffic safety 
risks. These findings led to the launch of patient education programs through UNMC newsletters and 
communication networks.

Measuring Driver Performance to Predict Potential Difficulty in Managing Vehicle Automation
(Texas A&M)
The research team investigated potential in-vehicle data collection and storage option for measuring driver 
performance.  Researchers discovered that driver errors during automation takeover could be predicted from 
maximum brake pedal position, median speed, and driver heart rate. These predictions could be made up to 3 
seconds prior to takeover, although intervals of 15 or 20 seconds also showed promise. These findings may be 
applied to pre-emptively identify situations in which drivers may have difficulty handling vehicle automation.

My Car the Doctor 
(University of Nebraska Medical Center)
The research team investigated the feasibility of employing a data collection platform that collects driving and 
human-based data for delivery to healthcare stakeholders to aid in health condition and disease diagnosis and 
monitoring. Researchers processed a significant amount of data to provide insight into how mild cognitive 
impairments and dementia manifest in driving performance, suggesting promise for future research. In the future, 
in-vehicle data could be applied into practices of healthcare stakeholders to aid medical diagnosis and treatment. 
This application could, in turn, help lead to earlier diagnosis, mitigation of disease progression and the 
maintenance of mobility. 

More details on this project can be found HERE.



HIGHLIGHTS:

Heart Monitoring in Your Car
(University of Michigan Medical School)

Heart disease is the leading cause of death in the U.S., resulting in about 660,000 fatalities a year. The increasing 
risk of in-vehicle cardiac events for senior drivers led CSRC to look at ways real-time health data could be 
collected and analyzed. Could heart signals be isolated from the surrounding noises made from the vehicle or the 
road?

To find out, Pujitha Gunaratne collaborated with medical researchers at the University of Michigan to follow a group 
of cardiac patients while they drove. The subjects wore a sensor used to generate a real-time electrocardiogram. 
The team developed algorithms to isolate the EKGs from background sounds, refining this set of naturalistic-driving 
data. In the end, the researchers were able to show the performance of their algorithms that could predict in-car 
cardiac events as well as standard medical tests done in cardiology clinics. They were able to isolate patterns that 
could accurately predict arrythmias about five minutes ahead of time – long enough to warn drivers of the need to 
pull over and get help – or send a medical team to assist. 

More than 18 million adults in the U.S. live with heart disease. Not everyone will 
want to wear a monitor all the time. So, the team next looked at whether 
unobtrusive sensors could be added to the seats or other parts of the vehicle 
interior, and whether those devices could pick up similar kind of cardiac 
patterns. The research is continuing, but the results are promising so far. 
Someday, your car may help you care for your health and wellness, with 
providing warnings at early stages that could save your life.

Data Recording That Counts 
(Texas A&M)

Today’s vehicles contain multiple chips and computers, all 
capable of generating enormous amounts of information. 
These data streams are potentially useful, but the 
volume can quickly become overwhelming -- terabytes 
can add up quickly. Plus, it’s resource intensive. How 
can automakers, regulators and safety researchers 
determine which data is the most relevant for 
predicting crashes and reducing injuries? 

Working with experts from Texas A&M, CSRC’s John 
Lenneman set off to map out a way to identify the 
best kind of data to collect. Using large datasets and 
machine-learning algorithms, the team conducted an 
in-depth study on one important emerging area of 
safety research – how drivers interact with automated 
driving systems. They combed through a large trove of 
data to find patterns that were useful in predicting 
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errors in certain automated driving scenarios. Predictive patterns are the kind of information that would have the 
highest value for auto companies and researchers. 

The effort provides a template for identifying the vehicle information streams that add the most value. The research 
may be used as a method for deciding which variables to track with electronic data recorders through in-vehicle 
data transponders. Building on this, automakers and the safety community will be able to make sure it all counts. 
That may improve the ways future cars operate and save lives. 

TRACK 3 PROJECTS:

Quantifying Driver Readiness and Take-Over Time Needed in Conditional Automation
(SAE L2/L3)
(University of California San Diego)
The research team investigated how to quantify driver readiness and reaction time in conditional automation. By 
studying driving data using a vehicle instrumented with multiple cameras to observe the driver, researchers 
developed a new metric to measure driver vigilance, the observable readiness index (ORI) and estimated takeover 
times for different non-driving activities. With increased understanding of driver readiness, future automated 
driving systems could further enhance the safe transition of control between the system and the driver.

Assessment of Driver Non-Driving Related Task (NDRT) Behaviors in Low-Speed Conditional 
Automation (SAE L3) - On Road and Simulator Studies
(University of California San Diego/University of Iowa)
The research team expanded the utility of the objective readiness index (ORI) by considering additional scenarios 
relevant to “eyes off” low speed automation such as traffic jams. Understanding driver readiness in such scenarios 
may help to enhance the safety of future conditional automation features.

Naturalistic and Controlled Driving Studies – Transitions in Automated Driving
(University of Iowa)
The research team conducted Naturalistic and Controlled driving studies using a partially automated vehicle to 
create a database for driver readiness estimates. This unique database consisted of naturalistic driver behaviors 
observed under partial automation and choreographed non-driving related tasks in controlled driving study to aid 
the development and validation of readiness estimation algorithms.

Researching Traffic Safety Impact of Glucose Variation in Drivers with Diabetes
(University of Nebraska Medical Center)
The research team investigated the impact of glucose variation in drivers with diabetes for traffic safety. 
Researchers found that hypoglycemia (low glucose) affects driving performance and creates potential traffic safety 
risks. These findings led to the launch of patient education programs through UNMC newsletters and 
communication networks.

Measuring Driver Performance to Predict Potential Difficulty in Managing Vehicle Automation
(Texas A&M)
The research team investigated potential in-vehicle data collection and storage option for measuring driver 
performance.  Researchers discovered that driver errors during automation takeover could be predicted from 
maximum brake pedal position, median speed, and driver heart rate. These predictions could be made up to 3 
seconds prior to takeover, although intervals of 15 or 20 seconds also showed promise. These findings may be 
applied to pre-emptively identify situations in which drivers may have difficulty handling vehicle automation.

My Car the Doctor 
(University of Nebraska Medical Center)
The research team investigated the feasibility of employing a data collection platform that collects driving and 
human-based data for delivery to healthcare stakeholders to aid in health condition and disease diagnosis and 
monitoring. Researchers processed a significant amount of data to provide insight into how mild cognitive 
impairments and dementia manifest in driving performance, suggesting promise for future research. In the future, 
in-vehicle data could be applied into practices of healthcare stakeholders to aid medical diagnosis and treatment. 
This application could, in turn, help lead to earlier diagnosis, mitigation of disease progression and the 
maintenance of mobility. 

More details on this project can be found HERE.



HIGHLIGHTS:

Heart Monitoring in Your Car
(University of Michigan Medical School)

Heart disease is the leading cause of death in the U.S., resulting in about 660,000 fatalities a year. The increasing 
risk of in-vehicle cardiac events for senior drivers led CSRC to look at ways real-time health data could be 
collected and analyzed. Could heart signals be isolated from the surrounding noises made from the vehicle or the 
road?

To find out, Pujitha Gunaratne collaborated with medical researchers at the University of Michigan to follow a group 
of cardiac patients while they drove. The subjects wore a sensor used to generate a real-time electrocardiogram. 
The team developed algorithms to isolate the EKGs from background sounds, refining this set of naturalistic-driving 
data. In the end, the researchers were able to show the performance of their algorithms that could predict in-car 
cardiac events as well as standard medical tests done in cardiology clinics. They were able to isolate patterns that 
could accurately predict arrythmias about five minutes ahead of time – long enough to warn drivers of the need to 
pull over and get help – or send a medical team to assist. 

More than 18 million adults in the U.S. live with heart disease. Not everyone will 
want to wear a monitor all the time. So, the team next looked at whether 
unobtrusive sensors could be added to the seats or other parts of the vehicle 
interior, and whether those devices could pick up similar kind of cardiac 
patterns. The research is continuing, but the results are promising so far. 
Someday, your car may help you care for your health and wellness, with 
providing warnings at early stages that could save your life.

Data Recording That Counts 
(Texas A&M)

Today’s vehicles contain multiple chips and computers, all 
capable of generating enormous amounts of information. 
These data streams are potentially useful, but the 
volume can quickly become overwhelming -- terabytes 
can add up quickly. Plus, it’s resource intensive. How 
can automakers, regulators and safety researchers 
determine which data is the most relevant for 
predicting crashes and reducing injuries? 

Working with experts from Texas A&M, CSRC’s John 
Lenneman set off to map out a way to identify the 
best kind of data to collect. Using large datasets and 
machine-learning algorithms, the team conducted an 
in-depth study on one important emerging area of 
safety research – how drivers interact with automated 
driving systems. They combed through a large trove of 
data to find patterns that were useful in predicting 
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errors in certain automated driving scenarios. Predictive patterns are the kind of information that would have the 
highest value for auto companies and researchers. 

The effort provides a template for identifying the vehicle information streams that add the most value. The research 
may be used as a method for deciding which variables to track with electronic data recorders through in-vehicle 
data transponders. Building on this, automakers and the safety community will be able to make sure it all counts. 
That may improve the ways future cars operate and save lives. 

TRACK 3 PROJECTS:

Quantifying Driver Readiness and Take-Over Time Needed in Conditional Automation
(SAE L2/L3)
(University of California San Diego)
The research team investigated how to quantify driver readiness and reaction time in conditional automation. By 
studying driving data using a vehicle instrumented with multiple cameras to observe the driver, researchers 
developed a new metric to measure driver vigilance, the observable readiness index (ORI) and estimated takeover 
times for different non-driving activities. With increased understanding of driver readiness, future automated 
driving systems could further enhance the safe transition of control between the system and the driver.

Assessment of Driver Non-Driving Related Task (NDRT) Behaviors in Low-Speed Conditional 
Automation (SAE L3) - On Road and Simulator Studies
(University of California San Diego/University of Iowa)
The research team expanded the utility of the objective readiness index (ORI) by considering additional scenarios 
relevant to “eyes off” low speed automation such as traffic jams. Understanding driver readiness in such scenarios 
may help to enhance the safety of future conditional automation features.

Naturalistic and Controlled Driving Studies – Transitions in Automated Driving
(University of Iowa)
The research team conducted Naturalistic and Controlled driving studies using a partially automated vehicle to 
create a database for driver readiness estimates. This unique database consisted of naturalistic driver behaviors 
observed under partial automation and choreographed non-driving related tasks in controlled driving study to aid 
the development and validation of readiness estimation algorithms.

Researching Traffic Safety Impact of Glucose Variation in Drivers with Diabetes
(University of Nebraska Medical Center)
The research team investigated the impact of glucose variation in drivers with diabetes for traffic safety. 
Researchers found that hypoglycemia (low glucose) affects driving performance and creates potential traffic safety 
risks. These findings led to the launch of patient education programs through UNMC newsletters and 
communication networks.

Measuring Driver Performance to Predict Potential Difficulty in Managing Vehicle Automation
(Texas A&M)
The research team investigated potential in-vehicle data collection and storage option for measuring driver 
performance.  Researchers discovered that driver errors during automation takeover could be predicted from 
maximum brake pedal position, median speed, and driver heart rate. These predictions could be made up to 3 
seconds prior to takeover, although intervals of 15 or 20 seconds also showed promise. These findings may be 
applied to pre-emptively identify situations in which drivers may have difficulty handling vehicle automation.

My Car the Doctor 
(University of Nebraska Medical Center)
The research team investigated the feasibility of employing a data collection platform that collects driving and 
human-based data for delivery to healthcare stakeholders to aid in health condition and disease diagnosis and 
monitoring. Researchers processed a significant amount of data to provide insight into how mild cognitive 
impairments and dementia manifest in driving performance, suggesting promise for future research. In the future, 
in-vehicle data could be applied into practices of healthcare stakeholders to aid medical diagnosis and treatment. 
This application could, in turn, help lead to earlier diagnosis, mitigation of disease progression and the 
maintenance of mobility. 

More details on this project can be found HERE.



TRACK 4 – DATA ANALYTICS/NATURALISTIC 
DRIVING DATASETS
2017 Goal: Applying big data and safety analytics techniques to 
develop algorithms and tools to study naturalistic driving data

CSRC is always looking for opportunities to create new datasets that can be used by Toyota itself, other 
automakers, and the broader research community. In the Data Analytics track, CSRC proactively addressed 
developing safety trends. It commissioned several studies that discovered and unpacked the complex interactions 
between vehicles and pedestrians – laying out the fundamentals of a non-verbal language. This research will inform 
efforts to reduce the increasing number of pedestrian fatalities in the U.S. – which have increased over the past five 
years. CSRC also did some groundbreaking work on electric scooters, a growing presence in U.S. cities that didn’t 
really exist when CSRC’s Phase II began in 2016. These studies will lay the groundwork for understanding emerging 
safety problems – and devising solutions. 
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HIGHLIGHTS:

Pedestrian-Vehicle Interactions
(MIT, University of Wisconsin-Madison)

How do pedestrians and drivers communicate? This is a pressing question as pedestrian fatalities have risen in the 
U.S. over the past decade to more than 6,000 a year. CRSC worked with university partners to collect a unique 
naturalistic driving data set to break down what happens at intersections when people and vehicles interact. It’s 
more complicated than you think.

Working with experts at the University of Wisconsin and MIT, CSRC’s Josh Domeyer broke down hundreds of hours 
of driving videos and footage from vehicle cameras to capture driver-pedestrian interactions. The team sequenced 
pedestrian actions when cars approach, and how driver behavior changes when a pedestrian is spotted. They used 
machine-learning algorithms to identify situations like jaywalking, zebra-style crosswalks and four-way stops. 

The study showed that pedestrians and drivers are using motion-based signals to communicate their intentions – a 
kind of language that goes both ways. Isolating, documenting and defining this physical language used by drivers 
and pedestrians builds our understanding of how these interactions play out, with some predictable consequences. 
This discovery lays the groundwork for defining future automated vehicle behaviors as well as driver assistance 
features that should one day may make it safer for pedestrians and vehicles alike.

More details on this project can be found HERE.

Vehicle e-Scooter Conflicts 
(Indiana University-Purdue University Indianapolis)

The use of e-scooters has exploded recently on U.S. roads. In 2020 alone, 
there were 38 million e-scooter trips spread out in more than 100 cities. It’s a 
newer transportation mode that presents challenges to the drivers who share 
the road. E-scooters are hard for drivers to see, and their movements may be 
sudden and erratic.

CRSC’s Rini Sherony teamed up with researchers at Indiana University-Purdue University Indianapolis to document 
the way scooters and cars are sharing the road. They developed a large, naturalistic driving dataset through a novel 
technique – equipping both cars and scooter riders with a suite of sensors. The cars looked like a lot of research 
test cars, with roof racks to house cameras, LiDAR and GPS tracking devices. The scooter riders were unlike anything 
you’d see in normal life. They had a backpack-sized contraption strapped to their bodies and wore sensor-laden 
helmets. But the effort worked. The team documented more than 5,000 vehicle-scooter encounters, establishing 
common interaction and near-miss scenarios.

The research showed the challenges ahead. E-scooters can quickly change direction with a small turning radius. 
They adjust speeds quickly and unexpectedly. They don’t have turning signals or brake lights. And it’s hard for 
drivers to see them in vehicle blind spots. The researchers were able to document the potential benefits of future 
countermeasures, like mirrors for e-scooter users, hand signals and vehicle-based e-scooter detection systems.
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TRACK 4 PROJECTS:

Analysis of Ways Drivers and Pedestrians Communicate and Coordinate
(MIT)
The research team investigated the mechanisms drivers and pedestrians use to communicate and coordinate 
through naturalistic driving studies and virtual reality. Researchers found that motion was the primary means of 
communication between pedestrians and vehicles. For example, pedestrians look away from the driver 
approximately 1.0 second prior to crossing, indicating an implicit signal to the driver about their intent to cross. In 
addition, because pedestrians often have difficulty seeing the driver due to glare, vehicle deceleration is used to 
interpret driver intent. The researchers concluded that real-world conditions often prevent important parts of 
on-road direct communication (i.e., eye contact and hand waving), suggesting that movement might still be the 
primary method of communication for future automated vehicles.  

Analysis of Negotiation Strategies Used by Drivers and Pedestrians to Determine Whether 
to Yield
(MIT)
The research team investigated the negotiation strategies drivers and pedestrians use to determine whether to 
yield. The dataset is only beginning to be analyzed with results providing additional evidence to CRSC’s previous 
findings. The higher fidelity dataset may allow for more detailed analysis and the development of guidelines for 
interactions in mixed traffic environments, resulting in safer future mobility. 

Roadmanship for Autonomous Vehicles and Humans to Live in Harmony
(Mcity)
The research team investigated how courteous driving characteristics can be used to help define ADAS behavior in 
two different traffic scenes. As tech developers began rethinking the parameters of autonomous vehicle driving, a 
call has emerged for “roadmanship,” or the concept that vehicles need to display a range of normal behavior to be 
accepted by other road users. Researchers developed a computer vision algorithm for automatically extracting 
vehicle position, orientation information and insights into the type of information drivers use when navigating 
unprotected left turns and roundabouts. The algorithm can be applied to help specify future vehicle automation 
behavior that is more human-like and accepted. 

More details on this project can be found HERE.

Understanding How drivers and Pedestrians Accommodate One Another While Interacting on 
the Roadway
(University of Wisconsin, Madison)
The research team discovered that the level of negotiation between drivers and pedestrians is dependent on the 
strength of traffic control from signage. Pedestrian negotiations can be described by underlying perceptual 
processes, providing support for the idea that non-verbal movement is the primary source of roadway 
communication. These findings could be applied to future vehicle communications systems, allowing road users to 
enter traffic more smoothly, minimizing disruptions and improving safety. 

Naturalistic Driving Data Collection and Analytics for Vehicles and e-Scooter Conflicts 
(Indiana University – Purdue University Indianapolis)
The research team collected naturalistic data from both vehicles and e-scooter riders in a metropolitan area using 
camera and LiDAR.  Researchers found that e-scooter speeds near vehicles averaged 12 mph and can include quick 
lane or direction changes. Understanding these interactions can help guide future advances to both 
e-scooter-based and vehicle-based safety systems.

RESEARCH COLLABORATORS:

The Children’s Hospital of Philadelphia
The Center for Injury Research and Prevention (CIRP) is a 
comprehensive, interdisciplinary pediatric trauma research 
center at The Children’s Hospital of Philadelphia dedicated 
to preventing injury, the leading cause of death for children 
and adolescents.

Georgia Institute of Technology 
The Georgia Tech Sonification Lab is an interdisciplinary 
research groups based in the School of Psychology and the 
School of Interactive Computing at Georgia Tech. The lab 
focused on the development and evaluation of auditory and 
multimodal interfaces, and the cognitive, psychophysical and 
practical aspects of auditory displays, paying particular 
attention to sonification. The Sonification Lab often works 
with those who cannot see traditional displays, meaning that 
the majority of research and work relates to enhancing 
assistive technologies.

George Mason University  
The Arch Lab is the research arm affiliated with the Human 
Factors and Applied Cognition Program at George Mason 
University. The research focuses on human-computer 
interaction and transportation (driving) and incorporates 
numerous other application domains including automation, 
aviation, medical human factors, and robotics. 

Indiana University – Purdue University Indianapolis 
IUPUI, a partnership between Indiana and Purdue 
universities, is Indiana’s urban research and academic health 
sciences campus. IUPUI is a leading urban research 
institution recognized for the successes of its students, its 
advances in health and life sciences, and its intellectual, 
economic, and cultural contributions to the well-being of the 
citizens of Indianapolis, the state of Indiana, and beyond. 
IUPUI promotes the educational, cultural, and economic 
development of central Indiana and beyond through 
innovative collaborations, external partnerships, and a strong 
commitment to diversity.

Mcity 
Mcity is a public-private research partnership led by the 
University of Michigan that is leading the transition to 
connected and automated vehicles. Home to 
world-renowned researchers, a one-of-a-kind test facility, 
and on-road deployments, Mcity brings together industry, 
government, and academia to improve transportation safety, 
sustainability, and accessibility for the benefit of society.

Massachusetts Institute of Technology
The MIT AgeLab was created in 1999 to seek solutions in 
technology, services and policy that improve well-being 
across the human lifespan. The AgeLab believes that safe, 
easy to use transportation is important for everyone and is a 
key factor in older adult independence.

Miami University 
Miami University Center for Assistive Technology, housed 
within CEC, is an interdisciplinary scholarly research center 
working collaboratively with Scripps Gerontology Center as 
well as the Center for Social Entrepreneurship in the Farmer 
School of Business. The center identifies socially relevant 
problems and develops engineering solutions by engaging 
students and faculty at Miami University across multiple 
divisions.

San Francisco State University
The Action and Consciousness Laboratory at SFSU 
investigates action control from an integrative cognitive 
neuroscience perspective, focusing on both unconscious 
brain mechanisms and conscious mechanisms (e.g., voluntary 
action and cognitive conflict, urges, working memory, 
impulse control).

University of California, San Francisco
The Neuroscape Laboratory is a translational neuroscience 
center at UCSF engaged in technology creation and scientific 
research to better assess and optimize brain function of both 
healthy and impaired individuals.

Texas A&M 
The Texas A&M Transportation Institute (TTI) is part of the 
Texas A&M University System and is recognized as one of the 
premier higher education-affiliated transportation research 
agencies in the nation. TTI delivers practical, innovative, and 
sustainable solutions to improve the movement of people, 
data and goods through research, education, and technology 
transfer. 

Touchstone Evaluations
Touchstone Evaluations Inc. is a leading specialist in driver 
attention, behavior, and safety. The firm provides research, 
testing, and evaluation to help organizations tackle these 
issues through a unique human-centric approach.

University of California, San Diego
The University of California, San Diego Laboratory for 
Intelligent and Safe Automobiles (LISA) is a multidisciplinary 
effort to explore innovative approaches to making future 
automobiles safer and “intelligent.” Research includes 
computer vision and intelligent systems with synergistic 
contributions from cognitive sciences, psychology, and 
decision theory.

University of Iowa
The University of Iowa is one of the nation’s top public 
research universities and is also home to one of the nation’s 
largest academic medical centers. The National Advanced 
Driving Simulator (NADS) is a self-sustained transportation 
safety research center at the University of Iowa’s Research 
Park. NADS utilizes its suite of world-class driving simulators 
and instrumented vehicles to conduct research studies for 
the private and public sectors.

University of Massachusetts – Amherst
The Human Performance Laboratory (HPL) is a 
multi-disciplinary research facility at the University of 
Massachusetts in Amherst, based in the Department of 
Mechanical and Industrial Engineering. Since the HPL’s 
founding in the 1980s, the lab’s research has focused on 
driver behavior and driver safety, and this research has 
contributed to the understanding of driving, and the 
identification of factors affecting traffic safety.

University of Michigan – Dearborn 
The Department of Industrial and Manufacturing Engineering 
is actively engaged in research in the areas relevant to 
industrial and systems engineering. These areas include 
integrated design and manufacturing, operations 
research/decision science, and human factors and 
ergonomics. The faculty consistently obtains competitive 
research grants from federal government agencies, the state 
of Michigan and the automotive industry. 

University of Michigan Medical School
The University of Michigan Medical School Department of 
Computational Medicine and Bioinformatics (DCMB)’s 
mission is to create novel and impactful informatics and 
computationally-based methods, tools, and algorithms, and 
resources to extend basic and clinical research capabilities 
and results.

University of Michigan Transportation Research Institute
With a multimillion-dollar research program, broad faculty 
expertise and multiple collaborators, the University of 
Michigan Transportation Research Institute is dedicated to 
achieving safe and sustainable transportation for a global 
society.

University of Nebraska Medical Center
University of Nebraska Medical Center Mind and Brain Health 
Labs foster multidisciplinary research programs devoted to 
basic transformational and clinical research on human 
neurocognitive performance across laboratory and 
real-world settings.

University of Washington
UW Industrial and Systems Engineering – Human Factors and 
Statistical Modeling Lab examines complex datasets to gain 
insight on human performance and behavior as they interact 
with systems.

University of Wisconsin – Madison
The Cognitive Systems Laboratory is involved in 
understanding and improving the capacity of joint 
human-technology systems.

University of Virginia
The UVA Center for Applied Biomechanics is the largest 
university-based injury biomechanics laboratory in the world 
and specializes in impact biomechanics for injury prevention. 
It is recognized as one of the world’s leading research groups 
in the field, using state-of-the-art equipment to analyze the 
intricacies of how the human body responds to injury. 

Virginia Tech
The Center for Injury Biomechanics is an interdisciplinary 
research center that brings together Virginia Tech’s top-rate 
College of Engineering with the biomedical expertise of the 
Wake Forest University School of Medicine. The center, also 
affiliated with the Virginia Tech Transportation Institute, 
investigates injury mechanisms following trauma to develop 
a greater understanding of human tolerance to injury, in 
order to engineer enhanced safety countermeasures and to 
mitigate the occurrence of serious injury in society.

Wake Forest University School of Medicine 
The Wake Forest University School of Medicine is a member 
of the Virginia Tech-Wake Forest University School of 
Biomedical Engineering and Sciences, a unique collaboration 
which draws from faculty, staff and students at both schools 
in areas such as tissue engineering, biomedical imaging, 
nanomedicine and nanobioengineering, biomechanics, 
neuroengineering, cardiovascular engineering and 
translational cancer research.

Westat (Rockville Institute) - Center for Transportation, 
Technology and Safety Research
Westat-Rockville works to make travel safer and more 
efficient. The organization helps to find and address 
transportation challenges through studies of vehicle 
technology and safety, travel behavior, and traffic operations 
systems. The institution explores issues related to roadway 
users, vehicle automation, connectivity, travel patterns, and 
more.
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TRACK 4 PROJECTS:

Analysis of Ways Drivers and Pedestrians Communicate and Coordinate
(MIT)
The research team investigated the mechanisms drivers and pedestrians use to communicate and coordinate 
through naturalistic driving studies and virtual reality. Researchers found that motion was the primary means of 
communication between pedestrians and vehicles. For example, pedestrians look away from the driver 
approximately 1.0 second prior to crossing, indicating an implicit signal to the driver about their intent to cross. In 
addition, because pedestrians often have difficulty seeing the driver due to glare, vehicle deceleration is used to 
interpret driver intent. The researchers concluded that real-world conditions often prevent important parts of 
on-road direct communication (i.e., eye contact and hand waving), suggesting that movement might still be the 
primary method of communication for future automated vehicles.  

Analysis of Negotiation Strategies Used by Drivers and Pedestrians to Determine Whether 
to Yield
(MIT)
The research team investigated the negotiation strategies drivers and pedestrians use to determine whether to 
yield. The dataset is only beginning to be analyzed with results providing additional evidence to CRSC’s previous 
findings. The higher fidelity dataset may allow for more detailed analysis and the development of guidelines for 
interactions in mixed traffic environments, resulting in safer future mobility. 

Roadmanship for Autonomous Vehicles and Humans to Live in Harmony
(Mcity)
The research team investigated how courteous driving characteristics can be used to help define ADAS behavior in 
two different traffic scenes. As tech developers began rethinking the parameters of autonomous vehicle driving, a 
call has emerged for “roadmanship,” or the concept that vehicles need to display a range of normal behavior to be 
accepted by other road users. Researchers developed a computer vision algorithm for automatically extracting 
vehicle position, orientation information and insights into the type of information drivers use when navigating 
unprotected left turns and roundabouts. The algorithm can be applied to help specify future vehicle automation 
behavior that is more human-like and accepted. 

More details on this project can be found HERE.

Understanding How drivers and Pedestrians Accommodate One Another While Interacting on 
the Roadway
(University of Wisconsin, Madison)
The research team discovered that the level of negotiation between drivers and pedestrians is dependent on the 
strength of traffic control from signage. Pedestrian negotiations can be described by underlying perceptual 
processes, providing support for the idea that non-verbal movement is the primary source of roadway 
communication. These findings could be applied to future vehicle communications systems, allowing road users to 
enter traffic more smoothly, minimizing disruptions and improving safety. 

Naturalistic Driving Data Collection and Analytics for Vehicles and e-Scooter Conflicts 
(Indiana University – Purdue University Indianapolis)
The research team collected naturalistic data from both vehicles and e-scooter riders in a metropolitan area using 
camera and LiDAR.  Researchers found that e-scooter speeds near vehicles averaged 12 mph and can include quick 
lane or direction changes. Understanding these interactions can help guide future advances to both 
e-scooter-based and vehicle-based safety systems.

RESEARCH COLLABORATORS:

The Children’s Hospital of Philadelphia
The Center for Injury Research and Prevention (CIRP) is a 
comprehensive, interdisciplinary pediatric trauma research 
center at The Children’s Hospital of Philadelphia dedicated 
to preventing injury, the leading cause of death for children 
and adolescents.

Georgia Institute of Technology 
The Georgia Tech Sonification Lab is an interdisciplinary 
research groups based in the School of Psychology and the 
School of Interactive Computing at Georgia Tech. The lab 
focused on the development and evaluation of auditory and 
multimodal interfaces, and the cognitive, psychophysical and 
practical aspects of auditory displays, paying particular 
attention to sonification. The Sonification Lab often works 
with those who cannot see traditional displays, meaning that 
the majority of research and work relates to enhancing 
assistive technologies.

George Mason University  
The Arch Lab is the research arm affiliated with the Human 
Factors and Applied Cognition Program at George Mason 
University. The research focuses on human-computer 
interaction and transportation (driving) and incorporates 
numerous other application domains including automation, 
aviation, medical human factors, and robotics. 

Indiana University – Purdue University Indianapolis 
IUPUI, a partnership between Indiana and Purdue 
universities, is Indiana’s urban research and academic health 
sciences campus. IUPUI is a leading urban research 
institution recognized for the successes of its students, its 
advances in health and life sciences, and its intellectual, 
economic, and cultural contributions to the well-being of the 
citizens of Indianapolis, the state of Indiana, and beyond. 
IUPUI promotes the educational, cultural, and economic 
development of central Indiana and beyond through 
innovative collaborations, external partnerships, and a strong 
commitment to diversity.

Mcity 
Mcity is a public-private research partnership led by the 
University of Michigan that is leading the transition to 
connected and automated vehicles. Home to 
world-renowned researchers, a one-of-a-kind test facility, 
and on-road deployments, Mcity brings together industry, 
government, and academia to improve transportation safety, 
sustainability, and accessibility for the benefit of society.

Massachusetts Institute of Technology
The MIT AgeLab was created in 1999 to seek solutions in 
technology, services and policy that improve well-being 
across the human lifespan. The AgeLab believes that safe, 
easy to use transportation is important for everyone and is a 
key factor in older adult independence.

Miami University 
Miami University Center for Assistive Technology, housed 
within CEC, is an interdisciplinary scholarly research center 
working collaboratively with Scripps Gerontology Center as 
well as the Center for Social Entrepreneurship in the Farmer 
School of Business. The center identifies socially relevant 
problems and develops engineering solutions by engaging 
students and faculty at Miami University across multiple 
divisions.

San Francisco State University
The Action and Consciousness Laboratory at SFSU 
investigates action control from an integrative cognitive 
neuroscience perspective, focusing on both unconscious 
brain mechanisms and conscious mechanisms (e.g., voluntary 
action and cognitive conflict, urges, working memory, 
impulse control).

University of California, San Francisco
The Neuroscape Laboratory is a translational neuroscience 
center at UCSF engaged in technology creation and scientific 
research to better assess and optimize brain function of both 
healthy and impaired individuals.

Texas A&M 
The Texas A&M Transportation Institute (TTI) is part of the 
Texas A&M University System and is recognized as one of the 
premier higher education-affiliated transportation research 
agencies in the nation. TTI delivers practical, innovative, and 
sustainable solutions to improve the movement of people, 
data and goods through research, education, and technology 
transfer. 

Touchstone Evaluations
Touchstone Evaluations Inc. is a leading specialist in driver 
attention, behavior, and safety. The firm provides research, 
testing, and evaluation to help organizations tackle these 
issues through a unique human-centric approach.

University of California, San Diego
The University of California, San Diego Laboratory for 
Intelligent and Safe Automobiles (LISA) is a multidisciplinary 
effort to explore innovative approaches to making future 
automobiles safer and “intelligent.” Research includes 
computer vision and intelligent systems with synergistic 
contributions from cognitive sciences, psychology, and 
decision theory.

University of Iowa
The University of Iowa is one of the nation’s top public 
research universities and is also home to one of the nation’s 
largest academic medical centers. The National Advanced 
Driving Simulator (NADS) is a self-sustained transportation 
safety research center at the University of Iowa’s Research 
Park. NADS utilizes its suite of world-class driving simulators 
and instrumented vehicles to conduct research studies for 
the private and public sectors.

University of Massachusetts – Amherst
The Human Performance Laboratory (HPL) is a 
multi-disciplinary research facility at the University of 
Massachusetts in Amherst, based in the Department of 
Mechanical and Industrial Engineering. Since the HPL’s 
founding in the 1980s, the lab’s research has focused on 
driver behavior and driver safety, and this research has 
contributed to the understanding of driving, and the 
identification of factors affecting traffic safety.

University of Michigan – Dearborn 
The Department of Industrial and Manufacturing Engineering 
is actively engaged in research in the areas relevant to 
industrial and systems engineering. These areas include 
integrated design and manufacturing, operations 
research/decision science, and human factors and 
ergonomics. The faculty consistently obtains competitive 
research grants from federal government agencies, the state 
of Michigan and the automotive industry. 

University of Michigan Medical School
The University of Michigan Medical School Department of 
Computational Medicine and Bioinformatics (DCMB)’s 
mission is to create novel and impactful informatics and 
computationally-based methods, tools, and algorithms, and 
resources to extend basic and clinical research capabilities 
and results.

University of Michigan Transportation Research Institute
With a multimillion-dollar research program, broad faculty 
expertise and multiple collaborators, the University of 
Michigan Transportation Research Institute is dedicated to 
achieving safe and sustainable transportation for a global 
society.

University of Nebraska Medical Center
University of Nebraska Medical Center Mind and Brain Health 
Labs foster multidisciplinary research programs devoted to 
basic transformational and clinical research on human 
neurocognitive performance across laboratory and 
real-world settings.

University of Washington
UW Industrial and Systems Engineering – Human Factors and 
Statistical Modeling Lab examines complex datasets to gain 
insight on human performance and behavior as they interact 
with systems.

University of Wisconsin – Madison
The Cognitive Systems Laboratory is involved in 
understanding and improving the capacity of joint 
human-technology systems.

University of Virginia
The UVA Center for Applied Biomechanics is the largest 
university-based injury biomechanics laboratory in the world 
and specializes in impact biomechanics for injury prevention. 
It is recognized as one of the world’s leading research groups 
in the field, using state-of-the-art equipment to analyze the 
intricacies of how the human body responds to injury. 

Virginia Tech
The Center for Injury Biomechanics is an interdisciplinary 
research center that brings together Virginia Tech’s top-rate 
College of Engineering with the biomedical expertise of the 
Wake Forest University School of Medicine. The center, also 
affiliated with the Virginia Tech Transportation Institute, 
investigates injury mechanisms following trauma to develop 
a greater understanding of human tolerance to injury, in 
order to engineer enhanced safety countermeasures and to 
mitigate the occurrence of serious injury in society.

Wake Forest University School of Medicine 
The Wake Forest University School of Medicine is a member 
of the Virginia Tech-Wake Forest University School of 
Biomedical Engineering and Sciences, a unique collaboration 
which draws from faculty, staff and students at both schools 
in areas such as tissue engineering, biomedical imaging, 
nanomedicine and nanobioengineering, biomechanics, 
neuroengineering, cardiovascular engineering and 
translational cancer research.

Westat (Rockville Institute) - Center for Transportation, 
Technology and Safety Research
Westat-Rockville works to make travel safer and more 
efficient. The organization helps to find and address 
transportation challenges through studies of vehicle 
technology and safety, travel behavior, and traffic operations 
systems. The institution explores issues related to roadway 
users, vehicle automation, connectivity, travel patterns, and 
more.



TRACK 4 PROJECTS:

Analysis of Ways Drivers and Pedestrians Communicate and Coordinate
(MIT)
The research team investigated the mechanisms drivers and pedestrians use to communicate and coordinate 
through naturalistic driving studies and virtual reality. Researchers found that motion was the primary means of 
communication between pedestrians and vehicles. For example, pedestrians look away from the driver 
approximately 1.0 second prior to crossing, indicating an implicit signal to the driver about their intent to cross. In 
addition, because pedestrians often have difficulty seeing the driver due to glare, vehicle deceleration is used to 
interpret driver intent. The researchers concluded that real-world conditions often prevent important parts of 
on-road direct communication (i.e., eye contact and hand waving), suggesting that movement might still be the 
primary method of communication for future automated vehicles.  

Analysis of Negotiation Strategies Used by Drivers and Pedestrians to Determine Whether 
to Yield
(MIT)
The research team investigated the negotiation strategies drivers and pedestrians use to determine whether to 
yield. The dataset is only beginning to be analyzed with results providing additional evidence to CRSC’s previous 
findings. The higher fidelity dataset may allow for more detailed analysis and the development of guidelines for 
interactions in mixed traffic environments, resulting in safer future mobility. 

Roadmanship for Autonomous Vehicles and Humans to Live in Harmony
(Mcity)
The research team investigated how courteous driving characteristics can be used to help define ADAS behavior in 
two different traffic scenes. As tech developers began rethinking the parameters of autonomous vehicle driving, a 
call has emerged for “roadmanship,” or the concept that vehicles need to display a range of normal behavior to be 
accepted by other road users. Researchers developed a computer vision algorithm for automatically extracting 
vehicle position, orientation information and insights into the type of information drivers use when navigating 
unprotected left turns and roundabouts. The algorithm can be applied to help specify future vehicle automation 
behavior that is more human-like and accepted. 

More details on this project can be found HERE.

Understanding How drivers and Pedestrians Accommodate One Another While Interacting on 
the Roadway
(University of Wisconsin, Madison)
The research team discovered that the level of negotiation between drivers and pedestrians is dependent on the 
strength of traffic control from signage. Pedestrian negotiations can be described by underlying perceptual 
processes, providing support for the idea that non-verbal movement is the primary source of roadway 
communication. These findings could be applied to future vehicle communications systems, allowing road users to 
enter traffic more smoothly, minimizing disruptions and improving safety. 

Naturalistic Driving Data Collection and Analytics for Vehicles and e-Scooter Conflicts 
(Indiana University – Purdue University Indianapolis)
The research team collected naturalistic data from both vehicles and e-scooter riders in a metropolitan area using 
camera and LiDAR.  Researchers found that e-scooter speeds near vehicles averaged 12 mph and can include quick 
lane or direction changes. Understanding these interactions can help guide future advances to both 
e-scooter-based and vehicle-based safety systems.

RESEARCH COLLABORATORS:

The Children’s Hospital of Philadelphia
The Center for Injury Research and Prevention (CIRP) is a 
comprehensive, interdisciplinary pediatric trauma research 
center at The Children’s Hospital of Philadelphia dedicated 
to preventing injury, the leading cause of death for children 
and adolescents.

Georgia Institute of Technology 
The Georgia Tech Sonification Lab is an interdisciplinary 
research groups based in the School of Psychology and the 
School of Interactive Computing at Georgia Tech. The lab 
focused on the development and evaluation of auditory and 
multimodal interfaces, and the cognitive, psychophysical and 
practical aspects of auditory displays, paying particular 
attention to sonification. The Sonification Lab often works 
with those who cannot see traditional displays, meaning that 
the majority of research and work relates to enhancing 
assistive technologies.

George Mason University  
The Arch Lab is the research arm affiliated with the Human 
Factors and Applied Cognition Program at George Mason 
University. The research focuses on human-computer 
interaction and transportation (driving) and incorporates 
numerous other application domains including automation, 
aviation, medical human factors, and robotics. 

Indiana University – Purdue University Indianapolis 
IUPUI, a partnership between Indiana and Purdue 
universities, is Indiana’s urban research and academic health 
sciences campus. IUPUI is a leading urban research 
institution recognized for the successes of its students, its 
advances in health and life sciences, and its intellectual, 
economic, and cultural contributions to the well-being of the 
citizens of Indianapolis, the state of Indiana, and beyond. 
IUPUI promotes the educational, cultural, and economic 
development of central Indiana and beyond through 
innovative collaborations, external partnerships, and a strong 
commitment to diversity.

Mcity 
Mcity is a public-private research partnership led by the 
University of Michigan that is leading the transition to 
connected and automated vehicles. Home to 
world-renowned researchers, a one-of-a-kind test facility, 
and on-road deployments, Mcity brings together industry, 
government, and academia to improve transportation safety, 
sustainability, and accessibility for the benefit of society.

Massachusetts Institute of Technology
The MIT AgeLab was created in 1999 to seek solutions in 
technology, services and policy that improve well-being 
across the human lifespan. The AgeLab believes that safe, 
easy to use transportation is important for everyone and is a 
key factor in older adult independence.

Miami University 
Miami University Center for Assistive Technology, housed 
within CEC, is an interdisciplinary scholarly research center 
working collaboratively with Scripps Gerontology Center as 
well as the Center for Social Entrepreneurship in the Farmer 
School of Business. The center identifies socially relevant 
problems and develops engineering solutions by engaging 
students and faculty at Miami University across multiple 
divisions.

San Francisco State University
The Action and Consciousness Laboratory at SFSU 
investigates action control from an integrative cognitive 
neuroscience perspective, focusing on both unconscious 
brain mechanisms and conscious mechanisms (e.g., voluntary 
action and cognitive conflict, urges, working memory, 
impulse control).

University of California, San Francisco
The Neuroscape Laboratory is a translational neuroscience 
center at UCSF engaged in technology creation and scientific 
research to better assess and optimize brain function of both 
healthy and impaired individuals.

Texas A&M 
The Texas A&M Transportation Institute (TTI) is part of the 
Texas A&M University System and is recognized as one of the 
premier higher education-affiliated transportation research 
agencies in the nation. TTI delivers practical, innovative, and 
sustainable solutions to improve the movement of people, 
data and goods through research, education, and technology 
transfer. 

Touchstone Evaluations
Touchstone Evaluations Inc. is a leading specialist in driver 
attention, behavior, and safety. The firm provides research, 
testing, and evaluation to help organizations tackle these 
issues through a unique human-centric approach.

University of California, San Diego
The University of California, San Diego Laboratory for 
Intelligent and Safe Automobiles (LISA) is a multidisciplinary 
effort to explore innovative approaches to making future 
automobiles safer and “intelligent.” Research includes 
computer vision and intelligent systems with synergistic 
contributions from cognitive sciences, psychology, and 
decision theory.
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University of Iowa
The University of Iowa is one of the nation’s top public 
research universities and is also home to one of the nation’s 
largest academic medical centers. The National Advanced 
Driving Simulator (NADS) is a self-sustained transportation 
safety research center at the University of Iowa’s Research 
Park. NADS utilizes its suite of world-class driving simulators 
and instrumented vehicles to conduct research studies for 
the private and public sectors.

University of Massachusetts – Amherst
The Human Performance Laboratory (HPL) is a 
multi-disciplinary research facility at the University of 
Massachusetts in Amherst, based in the Department of 
Mechanical and Industrial Engineering. Since the HPL’s 
founding in the 1980s, the lab’s research has focused on 
driver behavior and driver safety, and this research has 
contributed to the understanding of driving, and the 
identification of factors affecting traffic safety.

University of Michigan – Dearborn 
The Department of Industrial and Manufacturing Engineering 
is actively engaged in research in the areas relevant to 
industrial and systems engineering. These areas include 
integrated design and manufacturing, operations 
research/decision science, and human factors and 
ergonomics. The faculty consistently obtains competitive 
research grants from federal government agencies, the state 
of Michigan and the automotive industry. 

University of Michigan Medical School
The University of Michigan Medical School Department of 
Computational Medicine and Bioinformatics (DCMB)’s 
mission is to create novel and impactful informatics and 
computationally-based methods, tools, and algorithms, and 
resources to extend basic and clinical research capabilities 
and results.

University of Michigan Transportation Research Institute
With a multimillion-dollar research program, broad faculty 
expertise and multiple collaborators, the University of 
Michigan Transportation Research Institute is dedicated to 
achieving safe and sustainable transportation for a global 
society.

University of Nebraska Medical Center
University of Nebraska Medical Center Mind and Brain Health 
Labs foster multidisciplinary research programs devoted to 
basic transformational and clinical research on human 
neurocognitive performance across laboratory and 
real-world settings.

University of Washington
UW Industrial and Systems Engineering – Human Factors and 
Statistical Modeling Lab examines complex datasets to gain 
insight on human performance and behavior as they interact 
with systems.

University of Wisconsin – Madison
The Cognitive Systems Laboratory is involved in 
understanding and improving the capacity of joint 
human-technology systems.

University of Virginia
The UVA Center for Applied Biomechanics is the largest 
university-based injury biomechanics laboratory in the world 
and specializes in impact biomechanics for injury prevention. 
It is recognized as one of the world’s leading research groups 
in the field, using state-of-the-art equipment to analyze the 
intricacies of how the human body responds to injury. 

Virginia Tech
The Center for Injury Biomechanics is an interdisciplinary 
research center that brings together Virginia Tech’s top-rate 
College of Engineering with the biomedical expertise of the 
Wake Forest University School of Medicine. The center, also 
affiliated with the Virginia Tech Transportation Institute, 
investigates injury mechanisms following trauma to develop 
a greater understanding of human tolerance to injury, in 
order to engineer enhanced safety countermeasures and to 
mitigate the occurrence of serious injury in society.

Wake Forest University School of Medicine 
The Wake Forest University School of Medicine is a member 
of the Virginia Tech-Wake Forest University School of 
Biomedical Engineering and Sciences, a unique collaboration 
which draws from faculty, staff and students at both schools 
in areas such as tissue engineering, biomedical imaging, 
nanomedicine and nanobioengineering, biomechanics, 
neuroengineering, cardiovascular engineering and 
translational cancer research.

Westat (Rockville Institute) - Center for Transportation, 
Technology and Safety Research
Westat-Rockville works to make travel safer and more 
efficient. The organization helps to find and address 
transportation challenges through studies of vehicle 
technology and safety, travel behavior, and traffic operations 
systems. The institution explores issues related to roadway 
users, vehicle automation, connectivity, travel patterns, and 
more.




