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Presentation Overview

» Automation In theory:

» \/ehicle automation
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Crashes Involving Driver Error >90%
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The Reality

Automation can sigr]'f antly increase
Droductivity, EMCIENCY, e Jz
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The Downsides
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Vehicle Automation




|_evels of Automation
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Autopilot Description
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Mountain View

Home in
Foster City
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Crash Seguence
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Crash Seguence
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(@®» —— Tesla : Lead vehicle
@ —— Lead vehicle

Time to crash: 7.9 seconds
Speed: 64.3 mph
Lead vehicle: 83.7 feet
Distance to crash: 748 feet




CraSh Sequence Crash attenuator
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Lead vehicle: 82 feet
Distance to crash: 560 feet
Indication: Hands-off steering wheel
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Crash Seqguence
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Time to crash: 3.9 seconds (@®» —— Tesla
Speed: 61.9 mph

Lead vehicle: None detected Lead vehicl
Distance to crash: 375 feet eal ve |cfe” g
Vehicle begins to accelerate e onge_Jr Yoz

Hands-off steering wheel indicated

@ — Lead vehicle
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Crash Sequence

Impact speed: 70.8 mph
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Crash Seguence

Crash
attenuator

]

& 7/|NTSB



Other NTSB Investigations

incorporatec

 \\illiston, Florida
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» Delray Beach, Floriaa

» Culver City, California




Williston, Florida (May 7, 2016)




Delray Beach, Florida (March 1, 2019)
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Culver City, California (January 22, 2018)




The Safety Issues




Autopilot Performance

EfKJfJJ_) Were wWorn
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Crash Attenuator Performance

Damaged o Damaged 11 days earlier

crash

attenuator e Prius collision

e Driver survived
o CHP did not notify CalTrans
e Callrans repair not timely

Source: CHP

Barricade and cones placed in advance

of attenuator prior to crash
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Automation Issues

» Operational aesign domain (ODD)

» Monitoring driver engagement

» Collision avoldance system (CAS)




Operational Design Domain
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ODD Constraints

» Autopllot, state

- Not for use on
conaitions, on win

- For use only on divided 'rJJ'rvm/; With limited
n allows a driver to use Autopilot outside its ODD

Stem limitations are inaustry-wide




Geographic ODD: Mountain View

» Crash location

- Major Iinterchange (changing traific conditions)




Geographic ODD: Williston and Delray Beach

» Williston crash lecation
. - Outside ODD o1 Autopiiot
» Delray Beach crash location
- Highway with center meaian aivider

- Not limited access (has cross-traific)

- Outsiae ODD o1 Autopiiot




Monitoring Driver Engagement

Driver monitors environment in L SSIEINS
- Tesla stated that Autopilot can be used on undivided roads

With an attentive driv

- Risk of automation complacency and misuse

» Tesla’s method of moenitoring driver engagement

d steering wneel torque

tem r)rov [0ES Series of warnings to driver (visual,
| Ol auditory warnings)




Driver Engagement: Mountain View
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Driver Engagement: Other LLevel 2 Crashes

Nilliston and Delray Beach, Florida; Culver City, California
- Driver-applied steering Wneel torgue
of Impact
- Prolonged Inattentiven ArIVers
- Drivers were Inefiective monitors

Humans are poor monitors of autom

J\J]on]'tonrg ring Wheel torgue I 00r surrogat




Automation; The




Needed ODD Improvements

e System safeguards
0 conditions tor

- Lack c IJJJ




Needed Driver Monitering Improvements

jould Implement more

VEI eEngagement wnen
NHTSA and SAE should aevelop periermance
for driver monitoring systems to aadress automation
complacency

An eng J@J driver remains a critical component even
with adv Lel
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» Technology oiiers nope

»  Automation must consigder the auman

»  |nfrastructure must Suppoert the automation
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