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Motivation



Safety is a problem

• 94% of crashes are due to human error
• 36,000 automobile deaths annually

https://en.wikipedia.org/wiki/Motor_vehicle_fatality_rate_in_U.S._by_year#/media/File:US_traffic_deaths_per_VMT,_VMT,_per_capita,_and_total_annual_deaths.png



The Rand Study

https://www.youtube.com/watch?v=Ybr41Sy7K3g

video

https://www.youtube.com/watch?v=Ybr41Sy7K3g
https://www.youtube.com/watch?v=Ybr41Sy7K3g




Opportunity



So, now we’ve got this cool, new technology

Photo Source:  Blaine Leonard; Utah DOT

Connected Vehicles



http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0184952



CAV technologies
• L0

• Blind Spot Monitoring
• Lane Departure Warning
• Traffic Sign Recognition
• Left-Turn Assist
• Adaptive Headlights

• L1
• Adaptive Cruise Control
• Cooperative Adaptive Cruise Control
• Automatic Emergency Braking
• Lane Keeping (Page 10, good for 

striping)
• Electronic Stability Control
• Parental Control

• L2
• Traffic Jam Assist
• High Speed Automation
• Automated Assistance in Roadwork 

and Congestion
• L3

• On-Highway Platooning
• Automated Operation for Military 

Applications
• L4

• Google’s Driverless Car (Not tested in 
bad weather)

• Kill Switch
• L5

• Fully Autonomous



CAV technologies



Safety the problem, CAVs the solution?

• They say 94% of crashes are due to human error
• but …can CAVs address all 

human factors?

“The human error components of walking, biking, motorcycle use will not be 
completely mitigated even with perfect automated vehicles. Also there is a residual 
category of tree falls on car, sinkhole, washed away in flood, suicide by auto, that 
won't be mitigated by smart cars” – S. Polzin, personal correspondence



Safety the problem, AVs the solution?

• Initially, mixing in AVs may make things worse (for some crash types)
• Money spent on AVs could be spent on less-expensive “safer” cars
• Money spent on making the infrastructure work with AVs and CAV-tech 

enabled cars could be spent making roads safer for non-CAVs*
• Interactions between AVs and non-CAVs may be more dangerous than a 

driver-operated system
• Effectiveness requires proper use, can be a distraction, users compensate for 

risk

• In the long run even, some things might be “worse” …

* some improvements may help both types of cars



16% of all organ 
donations come from 
motor vehicle accidents

- U.S. Department of       
Health & Human  
Services.



AV safety performance, so far

• 22 of 26 reported AV accidents, AV not at fault 
(CA crash study)

• Of the remaining four, two were in manual mode
• The other two were at speeds <10 mph

video



https://www.axios.com/humans-cause-most-self-driving-car-accidents-
1513304490-02cdaf3d-551f-46e6-ad98-637e6ef2c0b9.html



CAV Crash Modalities … useful to our work

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0184952



Underlying 
trends/components



2002 Überlingen mid-air collision

video

https://www.youtube.com/watch?v=jMr_TDXPW-c
https://www.youtube.com/watch?v=jMr_TDXPW-c


Tesla fatality





video

https://www.youtube.com/watch?v=k5wc_vJjCy8
https://www.youtube.com/watch?v=k5wc_vJjCy8


Predicting Safety



Conventional Safety Data 
Analytics
• State of the art is Highway Safety Manual
• Finally getting folks to accept Empirical Bayes (not everyone)
• Some researchers pointing out limitations (exposure, temporal 

effects)
• All assume static technology* – not even time series…

Sort of like estimating  vehicle safety 
using past performance of the horse?

* Also a problem for design standards, e.g., Green Book





Let’s look back …
Issues in 1900:



https://bbs.boingboing.net/t/marvel-at-new-york-city-in-this-
1911-documentary-travelogue/103191



It’s real hard to think beyond something like 
this ..

http://www.hhhistory.com/2017/08/the-great-manure-crisis-of-1894.html





Sacrilege



“If there are faults with cars, only time is wanted to make them 
disappear … there is no mechanism more inoffensive, no means of 
transportation more sure and safe” -- Scientific American, 1900 

A mean horse and a gentle car…



What really happened?



What really happened?



What really happened?



Predicting Safety for CAVs



Back to The 
Rand Study

https://www.rand.org/pubs/tools/TL279/tool.html

Autonomous Vehicle Safety Scenario Explorer

Really?*

*even with no full AV, the safety curve would probably bend down (blind spot warnings, stability control, automatic braking, etc. )

link

https://www.rand.org/pubs/tools/TL279/tool.html
https://www.rand.org/pubs/tools/TL279/tool.html


How bout some more dials?
Don’t we 

already have 
enough?



What will cause crash reduction/increase, 
how, when and how much?
• Technology A reduces crash type 3 by x%
• Works best on facility type y (representing how many crashes?)
• Market penetration … How much of this technology do we have:

• Now?
• In 5 years?
• Ultimately?



F=F0 x GVMT x (1-MPAV) x (1-CRFAV) x MPCAV tech x 
(1-CRFCAV1) x (1-CRFCAV2) x …
• Market Penetration = f (cost, regulation, …)
• Effectiveness = f(technology, road system, crash type, less fatigue, …)
• Proper Use = f(behavioral, quality, effectiveness, ease…)
• Risk Compensation = f(behavioral, other)
• Distraction = f(behavioral, familiarity, user interface quality/maturity, 

…)

• Subject to some limits, interactions, …

Warning!  Do not use this 
equation for anything



SATURATION? WHEN?

WHEN?

WHEN?

S curves can represent
- Market Penetration
- Effectiveness
- Various monotonic changes over time



More Dials





What’s next?



Learn more 
from others



Analyze these technologies:

• L0
• Blind Spot Monitoring
• Lane Departure Warning
• Traffic Sign Recognition
• Left-Turn Assist
• Adaptive Headlights

• L1
• Adaptive Cruise Control
• Cooperative Adaptive Cruise Control
• Automatic Emergency Braking
• Lane Keeping (Page 10, good for 

striping)
• Electronic Stability Control
• Parental Control

• L2
• Traffic Jam Assist
• High Speed Automation
• Automated Assistance in Roadwork 

and Congestion
• L3

• On-Highway Platooning
• Automated Operation for Military 

Applications
• L4

• Google’s Driverless Car (Not tested in 
bad weather)

• Kill Switch
• L5

• Fully Autonomous



And these crash types:
• Directional Analysis

• Collision w/ peds/bikes/fixed objects
• LT Collision
• RT collision
• Rear End
• Sideswipe
• Head-on
• Crossover Collision w/ median
• Ran-off roadway
• Overturning
• Wrong Direction

• Driver Distraction
• Cell-phone
• Other – inside Vehicle
• Outside Vehicle

• Environmental
• Glare
• Construction Zones
• Slick Surfaces
• Drop-offs & Slides

• Directional Analysis
• Collision w/ peds/bikes/fixed objects
• LT Collision
• RT collision
• Rear End
• Sideswipe
• Head-on
• Crossover Collision w/ median
• Ran-off roadway
• Overturning
• Wrong Direction

• Driver Distraction
• Cell-phone
• Other – inside Vehicle
• Outside Vehicle

• Environmental
• Glare
• Construction Zones
• Slick Surfaces
• Drop-offs & Slides



Crash type mitigation levels (effectiveness)

• Many crash types (e.g., ROR, speeding with parental control;) can be 
effectively mitigated by level 2 or 3 CAV technology

• Some crash types (e.g., Speeding) might be mitigated somewhat by 
level 2 or 3 (e.g., with speed limit sign recognition and reminders, IF 
the driver does not wish to intentionally speed)

• Others (e.g., drunk driving) can only be effectively mitigated by truly 
self driving cars?



In the context of these facility characteristics:
• Access Control

• Full Access
• Partial Access
• Permitted Access

• Auxiliary Lanes
• Truck Climbing
• Parking
• Turning
• Merging
• Cycling

• Bike/Peds
• Cycling lane
• Sidewalk
• Crosswalk
• Multi-use path
• Shared lanes

• Interchanges
• Diamond
• Double diamond crossover
• Partial
• Trumpet
• Cloverleaf
• Displaced LT 
• Pavement
• Unimproved/primitive
• Graded & Drained
• Soil/Gravel/Stone
• Highly Flexible
• Concrete
• Composite

• Operation Type
• One-way
• Two-way



Research typology



Specific component s-curves



Questions/suggestions?

• Thank you, and Go Cats! 

Music city bowl pic

https://xkcd.com/1958/
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