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Traffic-related Death Rate US vs Australia, 2013
Data source: The WHO Report 2015, data from 2013; Global status report on road safety, 2015.
From http://www.who.int/violence_injury_prevention/road_safety_status/2015/en/
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For more on Australia, see http://www.who.int/violence_injury_prevention/road_safety_status/2015/country_profiles/Australia.pdf
For more on the United States, see http://www.who.int/violence_injury_prevention/road_safety_status/2015/country_profiles/USA.pdf

Fatalities per 100 Million Vehicle Miles of Travel
Minnesota vs National
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Number of Fatal Crashes (30,056 in U.S.)
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Driving too fast for conditions or in excess of posted
limit or racing
Under the influence of alcohol, drugs, or medication
Failure to keep in proper lane
Distracted (phone, talking, eating, object, etc.)

Rural
Urban

Overcorrecting/oversteering
Failure to yield right of way
Swerving or avoiding due to wind, slippery surface
Drowsy, asleep, fatigued, ill, or blackout

Most significant Casual Factors for Drivers
Involved in Rural and Urban
Fatal Crashes
(2014)

Operating vehicle in erratic, reckless, or negligent
manner
[FARS, NHTSA, Provided by Field Office]
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Human Centered Solutions to Advance Roadway Safety
Research Overview
• Driver Assist Systems (snowplow operators, teenage and older
drivers)
• Vulnerable Users (pedestrians, bicyclists, the visually impaired)
• Rail Crossing Safety
• Safety on Tribal Lands
• Intersection Safety
• Safety Policies; Better data
• Impaired Drivers (DWI and obstructive sleep apnea)
• Connected Vehicles (V2V, V2I and V2X)
• Work zones: Worker safety/driver distraction
• Safety for design and operations
• Countermeasures for wrong way driving and run-off-road crashes
• See http://www.roadwaysafety.umn.edu/research/index.html

High-Accuracy Real Time
Reference Network (RTRN)
Minnesota Coverage
(“completed” in 2014)
MnCORS/RTRN GNSS Network
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All 260 miles of I-94 corridor
in MN covered
Minnesota first state to deploy
15 states with operational RTRN
(9 managed by the state DOT)
5 states & 5 EU countries with
Trimble’s “VRS Now” subscription
Many states have plans to set
up similar networks
Green: Operational

From
http://www.dot.state.mn.us/surveying/cors/index.html

An Augmented Conformal Head Up Display
Compare to NY Times May 29, 2015 article:
“Windshield Devices Bring Distracted Driving Debate to Eye Level”
u

u

◆

In addition to haptic
feedback in the seats, …
In UMN system, the field
of view of an accurate
representation of the
roadway from the driver’s
eye perspective is
projected by referencing
from the driver’s eye
position in the vehicle.
System allows all lane boundaries and obstacles (detected by radar
or lidar) to be drawn and projected in real time on a virtual screen
30 ft. in front of vehicle (to reduce eye fatigue)

Driver Assist Systems:
Deploying Bus Rapid Transit along Narrow Road
Shoulders to Bypass Congestion
As part of Minnesota Urban Partnership Agreement (UPA), MVTA deployed 10
buses into passenger service in late 2010. Upgraded in 2014.

From the History Channel

http://www.history.com/shows/modern-marvels/videos/modern-marvels-alaska#modern-marvels-alaska

Imminent Collision Warning System for Bicycles
Rajesh Rajamani and Woongsun Jeon
Laboratory for Innovations in Sensing, Estimation and Control (LISEC)
University of Minnesota

Schematics of sensors and electronics on instrumented bicycle

• Development of novel sensor suite for a bicycle and an associated
imminent collision prediction system
– Emphasis on intersection crashes and rear-collisions
– Detailed 10-year study of crashes in the city of Minneapolis
illustrated that 41% of bicyclist-motorist crashes happen at
intersections, another 40% occur within 50 feet of intersections
– 726 pedalcyclists were killed and an additional 50,000 were injured
in motor vehicle traffic crashes in the US (2014)

• Sonar sensor system can measure both radial distance and angle
of a moving side target
• Experimental studies with an instrumented bicycle
• Implementation of a black box event recorder

Rear Collison Prevention
Video – Tracking Rear Approaching Vehicle
§ Video shows motion control of the rear laser sensor
§ Rear vehicle turns towards bicycle and receives audible warning

Real-time arrival prediction at grade crossings
Ren Wang and Dan Work
Department of Civil and Environmental Engineering
University of Illinois at Urbana Champaign
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• Motivation: Improve safety at rail crossings
– 239 deaths, 763 serious injuries (2014, FRA)

• Our research: developing data driven prediction algorithms
to estimate arrivals at grade crossings
– Phase 1: Historical predictors
– Phase 2: Online, real-time predictors for improved performance

• Application areas
– “In-vehicle” potential collision alerts broadcast to approaching vehicles
– Improved staging of emergency response vehicles (Y. Ouyang, UIUC)

• Progress
– Exploration of Amtrak data to understand delay patterns
– Following agreement with CSX, analysis of major freight rail data base
underway
– Development of a vector autogressive process (VAR) forecast algorithm

Directional Rumble Strips (DRS) for Reducing
Wrong-way Driving (WWD) Freeway Entries
Albert Luo (Co-PI) – Southern Illinois University of Edwardsville
Huaguo Zhou (Co-PI) – Auburn University
4 graduate research assistants

Assessing Severe Injury Risks in Reservation Areas
Kathy Quick and Guillermo Narváez, University of Minnesota
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Motor vehicle crashes - Leading
cause of unintentional injury for
native Americans/Alaskan natives
ages 1 to 44
Adult motor vehicle
related death rates for
native Americans is:
2x that of whites and
almost 2x that of blacks
Characterize
patterns (risks,
information
gaps, success
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needs)

Methodological innovations
• Collaborating with 4 tribal governments on extensive case studies
• Created methods for eliciting new kinds of data and findings
à Developed and tested tools for gathering new kinds of data
about roadway safety risks in reservations
à Remedies some commonly found data quality limitations for
reservations
à Undertaking intensive effort to share these methods and
tools with tribal governments for their use through
meetings organized by tribal governments and Indian affairs
organizations, TRB, Lifesavers, etc.
• Engaged in extensive on-site work:
– 77 researcher days on-site on reservations
– 101 in-depth interviews with key informants
– Tabling and data gathering from 199 reservation residents at 9
community events

Findings to date
• The safety of pedestrians in roadways is a topic of elevated
concern on reservations, distinguishing them from rural roadway
safety issues more generally.
• According to residents and law enforcement, driver and behavior
issues (texting, speeding, impairment) on reservations apply to
non-residents as much as as to reservation residents.
• Coordination problems among jurisdictions may be impeding
enforcement, road engineering and maintenance, and recordkeeping to identify and address key safety concerns.
• Mixed feedback on safety restraint system use. In some
reservations, education efforts improve use and in others it does
not, suggesting a need for additional research on effective
education methods.
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Factors that Increase
Teen Driver Fatality Risk
•
•
•
•
•
•
•

Speeding
Alcohol
Aggressive Driving
Distracted Driving
Not Using Seat Belt
Inexperience
Age

Teen Driver Crash Statistics
u

Nationally, teens (16-19 years old) make up
only 4% of all licensed drivers, but are involved
in 6.6% of all fatal crashes (2014)… higher
fatality risk than any other driver age group on
the road.
(Highway Statistics 2014, FHWA and FARS 2014)

u

In MN, teens (15-19 years old) represent under
6.2% of licensed drivers, but 16.4% of crashinvolved drivers. (Minnesota Crash Facts, 2015)

Registered Drivers and Fatal Crashes Involving Drivers by Age
as a percentage of totals
(2014)
Registered drivers as a percent of all
registered drivers (214,092,472)

25%

Number of involved drivers by age as a
percent of all drivers involved in fatal
crashes (44,671). *Note: 813 unknown as
to age of driver.
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The Teen Driver Problem:
Involvement Rate in Fatal Crashes (2014)
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% of Speeding Drivers in Fatal Crashes
by Age and Gender, 2014
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Source: Traffic Safety Facts, Speeding 2014 Data (Fig. 1)
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The Teen Driver Problem:
Involvement Rate in Fatal Crashes by State (2014)
Involvement Rate in Fatal Crashes
per 100,000 Licensed Drivers Ages 16-19
U.S. Total
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No. of Involved Drivers (19 & under) as a % of all Drivers
in the State Involved in Fatal Crashes (2014)
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Graduated Driver Licensing summary: Minnesota
(Took effect in August 2008)
• To get learners license:

– Minimum age: 15
• Before getting license or restricted license:

– Mandatory holding period: 6 months
– Minimum supervised driving time: 30 hours; 10 at night
– Minimum age: 16
• Restrictions during intermediate or restricted license stage:

– Nighttime restrictions: 1st 6 months — midnight-5 am
– Passenger restrictions:
• 1st 6 months — no more than 1 passenger younger than 20
• 2nd 6 months — no more than 3 passengers younger than 20

Education, Parents and Laws Play a Key
Role in Teen Driver Safety

Technology Can Also Play a Role in
Teen Driver Safety
• Real-time coaching in the vehicle
– Reminders to teens of risk factors
– Provides assistance beyond “driver’s ed”
– Reinforcement of laws which reduce exposure to risk (e.g.,
GDL)

• Prevention of risky behaviors
– If it’s blocked, you can’t do it

• Reporting to parents
– Makes parents aware of teen’s driving behavior
– Information for use in managing and coaching driving
– Reinforcement of limits and remind parents regarding laws

Previous research:

Behavior Monitoring & Reporting to Parents
• DriveCam (McGehee et al., 2007; Carney et al., 2010; SimonsMorton et al., 2013)

– In-vehicle device to detect g-forces
• Blinking light when event detected

– Detailed coaching report to parents monthly
• Trained video reviewers

– Reduced events and increased belt use
– In-vehicle feedback was limited for
communicating coaching behavior

Reporting to Parents and
In-vehicle Feedback
• Tiwi (Farmer, Kirley, McCartt, 2010)
– Monitored speeding, seat belt use, acceleration &
deceleration
– Feedback
• Parental feedback went to a website
• Auditory in-vehicle feedback

– Group with ability to cancel report to parents was the
only one to show sustained reduction in speeding
– Parents failed to follow up and act on reports

In-vehicle Feedback
Without Parent Involvement
• Intelligent Speed Adaptation (Regan, Triggs, Young,
et al., 2006; Spyropolou et al., 2014)

– Passive (persistent alerting)
– Active (alerting and forcing function)

• Enhanced Seat Belt Reminders (Freedmon et al.,
2007)

• Greenroad application with reward (Lotan,
Musicant & Grimberg, 2014)

• Safer Teen Car (Manser et al., 2013)

Key Takeaways from Previous Research
• Technology interventions can reduce frequency of
risky behaviors in the first and second years of
driving
• Parents should be involved
– Feedback must be EASY to obtain and understand

• In-vehicle feedback should give teen autonomy
over behavior (e.g., cancel report to parents)
• In-vehicle feedback alone can be effective in
changing behavior when it is persistent

The Teen Driver Support System (TDSS)
Smartphone Application
• Launches automatically
• Provides capabilities for monitoring speed
and excessive maneuvers, and for blocking
cellular phone use
• Connects to in-vehicle device with additional
sensors
• Immediate reporting to parents via text message
• Visual and auditory interfaces available for
combined feedback to the teen driver

IN-VEHICLE
COACHING &
PREVENTION

MONITORING

PARENT
INTERVENTION &
COACHING

12 month TDSS Field Operational Test
• 300 newly licensed teens and 298 parents
–
–
–
–

<17 years old, recruited prior to licensing
Average age = 16 in all groups (no differences)
Teen sample balanced for gender
System installed within 4 weeks of licensing

• 274 participants in final sample
1. Control (N=92)
2. Partial TDSS; in-vehicle feedback only (N=92)
3. Full TDSS: In-vehicle + Parent Feedback (N=90)

Experimental Groups
• 18 communities; 6 communities per group
matched (as closely as possible) for:
– Socioeconomic status
– Commuting rates (low, high)
– Population (low, medium, high)
– Rural, suburban
– Fatal crash rates for teen drivers

Data Collection
• Data was collected via the smartphone in
real time and transmitted to server
– 52 weeks of data per person

• All dependent variables specified before the
study
– Validated in ongoing process throughout study
– Limitations
• Phone must be in vehicle & turned on
• Equipment functioning
• Identification of teen driver in vehicle (parent mode)

Control Group
• Control Group was expected to demonstrate
behavior patterns similar to those observed in
naturalistic driving studies, such as increased
speeding over time and use of cellular phones
while driving

Excessive Speeding

Both TDSS groups had statistically significantly fewer speeding miles than Control

Text Messages “sent” for Speeding

Speeding Warnings versus Messages Sent
for Full TDSS

Shared vs. Unshared Vehicle Mileage

•
•

Teens in the Control and TDSS groups drove significantly more miles when they
had their own vehicle
Teens with parent feedback drove the same mileage regardless of vehicle status
- Potentially indicates more management of driving among this group

Minnesota's "No Texting while Driving" Law
• It is illegal for drivers of all ages to read/compose/send text
messages and emails, or access the Internet using a wireless
device while the vehicle is in motion or a part of traffic
— Including stopped in traffic or at a traffic light
— Does not apply to devices that are permanently affixed to
the vehicle, or global positioning or navigation systems.
• Cell phone use is totally banned for school bus drivers.
• Cell phone use is totally banned for teen drivers
during their permit and provisional license stages.
https://dps.mn.gov/divisions/ots/laws/Pages/teen-drivers.aspx
https://dps.mn.gov/divisions/ots/laws/Pages/distracted-driving.aspx

Calling While Driving

• Both TDSS groups made statistically significantly less calls per mile driven than
Control
• No difference between TDSS groups
• Average rates of calling increased across all groups during the study
• Females made statistically significantly more calls than males

Texting While Driving

• No difference between TDSS groups
• Average rates of texting increased across all groups during the study
• Females made marginally statistically significantly more texts than males

Control Group: Texting vs. Calling Rates

•
•
•
•

Rate of calls made is not reflective of time spent on phone
Texting is more distracting and more messages are required to create a conversation
Each text message is a potential problem
Both calling and texting are problematic for teen drivers

Summary of Outcomes
• The TDSS significantly reduced observable risky behaviors
• Parents/guardians are critical to teen driver safety

– Feedback worked best when parent in the loop for all monitored
behaviors
– Parents preferred the text messages and weekly summary email
and reported using the information to manage their teen’s driving
– They accept, like and use the technology
– Parents want to keep their teens safe, but are often not sure how
to achieve this
– Technology tools can assist them

• Lower crash rates in system groups were not statistically
different than control

– Total number of speeding related crashes was higher in control
group

We do need a solution to prevent texting NOW
• Matt Richtel of the New York Times has
been documenting the love fest between
the driver and their cellphone for quite
some time.
• He quotes cognitive psychologist David
Strayer and others about the addictive
properties of instant gratification that make
phones difficult for anyone to resist.
• “It’s in our DNA,” Strayer says.
• The result is a texting-while-driving
epidemic, particularly affecting teenagers.
From “A Texting Driver’s Education” at
http://www.nytimes.com/2014/09/14/business/a-texting-drivers-education.html

Many apps now focus on preventing texting
AT&T’s “DriveMode”: Does it work?

• DriveMode allows up to 5 contacts to be called while driving with the
app; 911 is always accessible; music and navigation settings allow one
music and one navigation app to run while DriveMode is enabled (so 2
apps can still run)
• The app turns on automatically when you’re driving 15 MPH or more
and turns off shortly after you stop. Parents with young drivers can
receive a text message if the app is turned off. For more detail, see…
•
•

http://www.att.com/Common/about_us/pdf/iOS_DriveMode_FAQ.pdf
http://www.att.com/esupport/article.jsp?sid=KB423890

Google Android Auto and Apples’s CarPlay

After many years developing in-car telematics, there are still no common
standards for connected content management in the vehicle.
With Volkswagen’s Car-Net app, you can set
up alerts to Apple Watch when a specific
driver in the family exceeds a set speed cap
or leaves a certain location boundary.

Implications of our study
• Engaging the parent in
“real-time” made a
difference
• Graded, persistent speed
warnings based on the
local speed limit reduced
speeding even without
the parent in the loop
• Blocking phone functions
was effective at reducing
calling and texting

Limitations
• No follow up to determine if any long-term
behavioral changes
• Performance and reliability
– Experimental deployment was not perfect
– Phone blocking not perfect
– Database map coverage not always accurate or
available

• No training on best practices for parents using
the systems

Conclusions
• Leveraging a mobile device for feedback can
reduce frequency of risky behaviors
• Parents are critical to teen driver safety
– They accept, like and use the technology
– Parents want to keep their teens safe, but are
often not sure how to achieve this
– Technology tools can assist them
– Due to considerable interest, we are working on a
deployable version

For more information, see
http://www.roadwaysafety.umn.edu/research/areas/vulnerable/teen/
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