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The future’s right on schedule
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Permission or forgiveness

Automated Vehicles Are
;Probably Legal in the
'United States
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Everything is beta

elonmusk

1:27 PM - Jul 10, 2016

Use of word “beta” is explicitly so
that drivers don’t get comfortable.
It is not beta in the standard sense.
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We need innovation...

... in automated driving technologies
... in safety assurance

... in regulation
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Focus less on the technologies

And more on their companies
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A diverse set of...

.. technologies
.. applications of those technologies
.. business cases for those applications

.. participants in those business cases
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SA

SE

LEVELO J LEVEL1 J LEVEL 2

maintain safety

SE

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

These are driver support features

INTERNATIONAL.
SE
What does the
human in the
driver’s seat
have to do?
These features
are limited
What do these 00 ervio'ing.
features do? warnings and
: momentary
assistance
*automatic
emergency
braking
Example .
Features *blind spot

warning

warning

*lane departure

These features
provide
steering

OR brake/
acceleration
support to
the driver

*|ane centering
OR

«adaptive cruise

control

These features
provide
steering

AND brake/

acceleration
support to
the driver

*lane centering
AND

«adaptive cruise
control at the
same time

SAE J3016™LEVELS OF DRIVING AUTOMATION

SE | SE |SE
LEVEL S 2 LEVEL 4 2 LEVELS

You are not driving when these automated driving

features are engaged - even if you are seated in

“the driver’'s seat”

When the feature
requests,

you must drive

These automated driving features
will not require you to take
over driving

These are automated driving features

These features can drive the vehicle
under limited conditions and will
not opéerate unless all required
conditions are met

s local driverless

«traffic jam
chauffeur taxi

* pedals/
steering
vheel may or
may not be
installed

This feature
can drive the
vehicle under
all conditions

*Same as
level 4,
but feature
can drive
everywhere
in all
conditions
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Pop quiz!

On reaching a crash, an automated vehicle (AV) stops in
its lane until someone at a monitoring center sketches a
travel path. Using its sensors, it then follows this path.

1) Is this L3 or L4 automated driving?

2) Is there a remote driver?
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DDT

i . Sustained DDT
Name Narrative definition lateral and oDD
longitudinal OEDR fallback
[ vehicle motion|
e control
Driver performs part or all of the DDT
0 No Driving |The performance by the driver of the entire DDT, even Driver Driver Driver n/a
Automation when enhanced by active safety systems.
The sustained and ODD-specific execution by a
Dri dnving automation system of either the laferal or the y 2 2 : =100
1 A ."‘t’: longitudinal vehicle motion control subtask of the DDT D'S’Ve' a Driver Driver Limited
atamine (but not both simuitaneously) with the expectation that ystem
the driver performs the remainder of the DDT.
o The sustained and ODD-specific execution by a dnving
Partial | 5.t0mation sysfem of both the Isteral and longitudinal : : o
2 | Driving | yehicle motion control subtasks of the DDT with the System Driver Driver Limited
Automation |  eynectation that the driver completes the OEDR
subtask and supervises the driving sufomation sysfem.
ADS (“Systen) performs the entire DDT (while engaged)
Fallback-
The sustained and ODD-specific performance by an ready user S
Conditional | ADS of the entire DDT with the expectation that the System System | (becomes [  Limited
5 | Driving | DDTfallback-ready useris receptive to ADS-issued the driver
Automation | requests to intervene, as well as to DDT performance- during
relevant system failures in other vehicle systems, and faliback)
will respond appropriately.
High The sustained and ODD-specific performance by an
e ADS of the entire DOT and DDT fallback without any ystem —_
4 Au?o"r‘l,::gon expectation that a user will respond to a request to Sy S 5 Liinded
intervene.
Eull The sustained and uncenditional (i.e., not ODD-
Sy specific) perfformance by an ADS of the entire DDT s
5 Au‘fo":":gon and DDT fallback without any expectation that a user | oYSem System | System | ynlimited
will respond to a request to infervene.
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Airport people

movers High speed, limited roads
(enclosed tracks)
City pilot 0T
Complete DDT performance + Iback 0DD
faliback Level 4
Highway traffic pilot
Complete DDT performance
Level 3
RN e | e
Sustained lateral and longitudinal
Sustained lateral or longitudinal
motion control Level 1 river Limited
Minimum operating speed, lane
markings required Minimum operating speed
Warning/intervention
Level 0
¢limited  Operational Design Domain (ODD)  unlimited > wor || Hmited
1 1
ADS (“Systen) performs the entire DDT (while engaged)
Fallback-
The sustained and ODD-specific performance by an ready user s
Conditional | ADS of the entire DDT with the expectation that the System System | (becomes | Limited
3 | Driving | DDTfsllback-ready useris receptive to ADS-issued the driver
Automation | requests to intervene, as well as to DDT performance- during
relevant system failures in other vehicle systems, and fallback)
will respond appropriately.
High The sustained and ODD-specific performance by an
riving ADS of the entire DDT and DDT fallback without any ystem o
4 Au[t'omation expectation that a user will respond to a request to Sy S 2 Liinded
intervene.
Full The sustained and unconditional (i.e., not ODD-
e specific) perfformance by an ADS of the entire DDT o
2 Au'zm""' 9 | and DDT failback without any expectation that a user | Y= System | System | ynlimited
will respond to a request to infervens.
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Comptlete DDT performance +
fallback Level 4

Complete DDT performance
Level 3

Sustained lateral and longitudinal
motion control Level 2

Airport people
movers
(enclosed tracks)

K

Highway traffic pilot

High speed, limited roads

City pilot

ODD

n/a

Sustained lateral or longitudinal _ Some ODD parameters: Level 2 example:
molion control Lovel1 * Speed * Traffic * Roadway == expressway Level 4 example:
Minimumo * Geography * Temporal * Speed <=35mph * Roadway == campus roads
markings re * Roadway * etc. * Daytime only « Speed <= 25mph
Warning/intervention F ERFoRAIEE * Daytime only
Level 0 opp Total driver-manageable Unlimited ODD
B domain
€limited
= o A A
ADS (“System") performs t Level 0 Level 1 Level 2 Level 3 Level 4 Level 5
The st Domain specific | Unlimited domain
Conditional | ADSof ;
3 Driving DDT fs
Automation | requests . Driver fallback | System fallback
e aey I | L
5 Partial OEDR | Complete OEDR
Automation opect
Momentary | Sustained motion control l a\x/ Of t h e
Eull T S e e ey e e
e specific) perfformance by an ADS of the entire DDT o
5 Aul:mmgon and DDT fallbsck without any expectation that a user System System System | ynplimited h e \X/ y
e will respond to a request to infervens.
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Airport people

movers High speed, limited roads
(enclosed tracks)
City pilot
DT
Complete DDT performance + Iback 0DD
faliback Level 4

Highway traffic pilot

Complete DDT performance
Level 3

n/a
Sustained lateral and longitudinal
motion control Level 2
Sustained lateral o longitudinal Some ODD parameters: Level 2 example:
molion control Lovel1 * Speed * Traffic * Roadway == expressway Level 4 example:
Minimumo * Geography * Temporal * Speed <=35mph * Roadway == campus roads
markings re * Roadway * etc. * Daytime only * Speed <= 25mph
Waming/intervention * Environment * Daytime only
Level 0 opp Total driver-manageable Unlimited ODD
B domain
€limited
L g
ADS (“System") performs t Level 0 ‘ Level 1 I Level 2 I Level 3 ‘ Level 4 Level 5
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" c | Unlimited domain
[T
ADS DDT (—% .‘ Fallback ready user | ’{ Foilure mitigation | [g&
Performance = :"-’i does notrespond | E strategy (e.g, stop |
B e —————————— 1 ¢ 05 | |JUAg RN aT et SN T as e e N S ]
= - T 0. VR ’
[ Non-receptive
faliback ready user
reepve olbock “lawof the
Driver DDT ready user Driver performs fallback and, if necessary,
Performance achieves minimal risk condition ted I . e \X/ y

[T ossible

newlypossible.org



Airport people

movers High speed, limited roads
(enclosed tracks)
City pilot
Comptlete DDT performance +
fallback Level 4
Does the feature:
Complete DD

Sustained lateral a
motion control

Sustained lateral
motion control

Warnil

ADS DDT
Performance

Driver DDT
Performance

Perform the complete DDT and DDT fallback without
ODD limitation?

DT

|

O Yes - Full Driving Automation
No Level 5

J

v
Perform the complete DDT and DDT fallback within a
limited ODD?

Q Yes = High Driving Automation
No Level 4

v

ampus roads

Perform the complete DDT, but not DDT fallback, within Q Yes - Conditional Driving Automation P"

a limited ODD?

Level 3

.
Perform both longitudinal and lateral vehicle motion
control (on a sustained basis), but not complete OEDR?

No Unlimited ODD
J
<> Yes = Partial Driving Automation ' b
No Level 2
| Level 5

+
Perform either longitudinal or lateral vehicle motion
control (on a sustained basis), but not complete OEDR?

Yes = Driver Assistance i — -
Level 1 ic | Unlimited domain
No

J

v
Perform none of the DDT or DDT fallback?

<> Yes = No Driving Automation
Level 0

Figure 8 - Simplified logic flow diagram for assigning driving automation level to a feature

| Receptive fallback

law of the

ready user Driver performs fallback and, if necessary,
achieves minimal risk condition led I . e \X/ y

I~ ossible

newlypossible.org



Airport people

movers High speed, limited roads
(enclosed tracks)
City pilot
Complete DDT performance 07 ODD
e n + |
(oo Lovel .
Does the feature:
Complete DD A Il
Perform the complete DDT and DDT fallback without <> Yes > Full Driving Automation Il
ODD limitation? No Level 5
Sustained lateral a |
motion control is
Perform the complete DDT and DDT fallback within a <> Yes = High Driving Automation
Sustanedlateral  |imited ODD? No Level 4
motion control
J EH
v ampus roads

Figure 8 - Simplified logic flow diagram

‘ J
.............. |_ Perform either longitudinal or lateral vehicle motion Yes = Driver Assistance ' — :
< : Level 1 ‘¢ | Unlimited domain
control (on a sustained basis), but not complete OEDR? o
ADS DDT ‘ J
Perormance Perform none of the DDT or DDT fallback? <> Yes > No Driving Automation
Level 0

Figure 8 - Simplified logic flow diagram for assigning driving automation level to a feature

|, Rectie flbock law of the
Driver DDT ready user Driver performs fallback and, if necessary,
Performance achieves minimal risk condition ed l I e \X/ y
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“Drive means to drive, operate, move, or be in
actual physical control of a vehicle....”

“Operate ... means to drive....”

“Operating ... is generally given a broader

meaning [than driving].”
law of the

Newly

Maryland Transp Code § 11-114, 141 (2016) I_IO SSi b le

McDuell v. State, 231 A.2d 265, 267 (Del. 1967) .
’ ’ newlypossible.or
Bryant Walker Smith, Automated Driving Is Probably Legal in the United States (newlypossible.org) yP g



SA

SE

LEVELO J LEVEL1 J LEVEL 2

maintain safety

SE

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

These are driver support features

INTERNATIONAL.
SE
What does the
human in the
driver’s seat
have to do?
These features
are limited
What do these 00 ervio'ing.
features do? warnings and
: momentary
assistance
*automatic
emergency
braking
Example .
Features *blind spot

warning

warning

*lane departure

These features
provide
steering

OR brake/
acceleration
support to
the driver

*|ane centering
OR

«adaptive cruise

control

These features
provide
steering

AND brake/

acceleration
support to
the driver

*lane centering
AND

«adaptive cruise
control at the
same time

SAE J3016™LEVELS OF DRIVING AUTOMATION

SE | SE |SE
LEVEL S 2 LEVEL 4 2 LEVELS

You are not driving when these automated driving

features are engaged - even if you are seated in

“the driver’'s seat”

When the feature
requests,

you must drive

These automated driving features
will not require you to take
over driving

These are automated driving features

These features can drive the vehicle
under limited conditions and will
not opéerate unless all required
conditions are met

s local driverless

«traffic jam
chauffeur taxi

* pedals/
steering
vheel may or
may not be
installed

This feature
can drive the
vehicle under
all conditions

*Same as
level 4,
but feature
can drive
everywhere
in all
conditions
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Who should an automated vehicle kill?

Does the public trust AVs?

How safe is safe enough?

How should safety be assessed?
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We are fickle
Marketing is coming

Words are not actions

A lot changes before 100%  |awofthe

Newly
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They don’t yet exist

They will be really diverse

They won’t be super dangerous....
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How safe is safe enough?

Prospective: Before deployment

Retrospective: After deployment

law of the
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Retrospective safety will mean

At least as safe as a human in the maneuver
and

At least as safe as a comparable AV
and

Safer than the last AV that failed

law of the
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Prospective safety will mean

Reasonable confidence
that the AV developer
is worthy of our trust

law of the
Newly
I~ ossible

newlypossible.org



Who drives an AV?

law of the
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Humans won’t drive AVs

Computers won’t drive AVs

Companies will drive AVs

law of the
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Uber’s fatal crash

ntsh.gov/investigations/AccidentReports/Pages/HWY18MHO010-prelim.aspx



Companies will drive AVs

AVs are only as safe as their companies

Companies are legal subjects that act through
their human and machine agents

Companies can do right even after

their technologies fail law of the
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Bryant Walker Smith, The Trustworthy Company (forthcoming), newlypossible.org

A trustworthy corporate driver

Shares its safety philosophy
Makes a promise to the public

Keeps that promise

law of the
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Safety philosophy

“This is what we’re doing
“This is why we think it’s reasonably safe

This is why you can believe us”

law of the
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Promise to the public

“We market only what we
reasonably believe to be safe

“We will be candid about our
limitations and failures

“When we fail,

we will make it right” law of the
Newly
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Keeping that promise

Manage public expectations
Supervise the entire product lifecycle

Mitigate harms promptly, fully, and publicly

law of the
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A trustworthy company

Shares its safety philosophy
Makes a promise to the public

Keeps that promise

law of the
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AUTOMATED OPERATION OF VEHICLES ACT

NATIONAL CONFERENCE OF COMMISSIONERS

ON UNIFORM STATE LAWS

uniformlaws.org/Committee.aspx?title=Highly%20Automated%20Vehicles

law of the
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Automated driving provider

Self-identifies to the US state government

Represents that the automated vehicle is
capable of complying with the vehicle code

Acts as the legal driver from the start of
automated operation until a human driver

intentionally terminates that operation lawof the
Newly
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Keep it simple

Either you are intentionally driving...

...0r you are not driving

Because when everyone is responsible,

no one is responsible. law of the
Newly
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Complementary approaches

Levels of automation as a promise to the public
SAE J3016 Definitional Concept

Automated driving system entity (ADSE)

UK Law Commissions and the Australia National Transport Commission

Safety self-assessments for automated driving
Transport Canada and the US National Highway Traffic Safety Administration

uk/project/automated-vehicles/

m.gov. ect/au
tc.gc.ca/en/services/road/documents/tc_safety_assessment _for_ads-s.pdf



Safety is not just a single test!

Management philosophy
Design philosophy
Hiring and supervision
Evaluation and integration of standards
Monitoring and updating
Communication and disclosure

Strategies for obsolescence
law of the
Newly
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Safety as marriage, not wedding

AV developers will vow their systems are safe
Will you trust them then and in the future?

What is the basis for that trust?
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Regulators can do this well

Focus on processes and systems
ldentify assumptions and logical progressions

Ask questions and challenge answers

law of the
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For provinces and territories

What are your government’s goals?
How can automated driving help those goals?

How else can you achieve those goals?

law of the
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AND A LEAN, SILENT FIGURE
SLOWLY FADES INTO THE
GATHERING DARKNESS, AWARE
AT LAST THAT IN THIS WORLD,
WITH GREAT POWER THERE
MUST ALSO COME -~ GREAT
RESPonslBluTY'
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