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Flight control systems for the autonomous electric light personal-transport aircraft of the near future.

Can Artificial Intelligence pass
the CPL(H) Skill Test?

017-09-11

-- Anna Chernova
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"To fast-forward to the safest possible operational state for VTOL vehicles,
network operators will be interested in the path that realizes full autonomy as

quickly as possible." (source)

UBER

"Electrically operated aerial vehicles combined with more autonomous
operation and data-driven business models could herald the biggest

change in aviation in decades." (source)
AIRBUS

"Pilotless planes are technically feasible, and could bring material

benefits" (source)
o UBS



http://www.airbus.com/newsroom/news/en/2016/12/My-Kind-Of-Flyover.html
https://www.uber.com/elevate.pdf
https://groups.google.com/a/daedalean.ai/d/msgid/industryupdates/CAKNQ7mu0xnn0sGupCvtL1CCzHxfhCC8zvrmXsMs48hirGQXx3Q%40mail.gmail.com?utm_medium=email&utm_source=footer
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Every other startup idea since 2015

Collect BIG DATA
Apply magic-Al-black-box
Profit!




What is this “"Al” you speak of?

(depends on who you ask)

The science and engineering to create machines (computer
programs) that use understanding of the world to achieve goals.



A broad range of CS techniques

Computer Vision

Robotics

Statistics on Big Data
Machine Learning

“Deep” neural networks
Reinforcement Learning
Adaptive (learn on the job)

New algorithms are made possible by strides in computational capacity.

1996
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14 CFRCh. |

§23.1329 Automatic pilot system.

If an automatic pilot system is in-
stalled, it must meet the following:

(a) Each system must be designed so
that the automatic pilot can—

(1) Be quickly and positively dis-
engaged by the pilots to prevent it
from interfering with their control of
the airplane; or

(2) Be sufficiently overpowered by
one pilot to let him control the air-
plane.
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i Helicopter Flight Gontrols

Commercial Pilot T
Practical Test Standards e are three major controls in a helicopter that the pilot
it use during flight. They are the collective pitch control,

for i

R ft se the throwle control, which is usually mounted directly
otorcra = to the collective pitch control in arder to fly the helicopter.

(Helicopter and Gyroplane) 1a this chapr, the control systems deseribed e ot limted
to the single main rotor type helicopter but are employed
in one form or another in most helicopter configurations.
All examples in this chapter refer to 2 counterclockwise
main rotor blade rotation as viewed from above. If flying a
helicopter with a clockwise rotation, left and right references
must be reversed, particularly in the areas of rotor blade pitch
change, antitorque pedal movement, and tail rotor thrust.

February 2013

Flight Standards Service
Washington, DC 20591
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Adaptive Al systems face 3 layers of challenges

e Sufficiently reliable hard- and software

e Regulatory capture

e Actually Solving The (Hard) Problems of Flying!
o Dealing with the unexpected
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Modern Al & the unexpected?

Pool flight hours

o Copies of our systems can share their learnings
Simulations

o Generate much more data than you could ever train a

human on!
o Take 10%Hours of real data,
o ... multiply by 108 scenarios...

What if we created an autopilot
with 10"2 hours of PIC time in Day, Night, IFR...
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The real art of flying

Preflight preparation

Preflight procedures

Airport operations

Hovering maneuvers

Takeoffs, landings and go-arounds
Performance maneuvers
Navigation

Emergency operations

Special Operations

Postflight procedures




iIndustry assessment of autonomy's current ability

Deconstructed Pilot
Areas Where Autonomy Gan Be More Capable

Systems Naw ation ommumcatlon Basm
Management g Alrmanshlp

Terminal Takeoff and .
Detect and Avoid
Planning and Emergency

Decision Making Procedures

Source: GAMA

Source: recent report by NASA Autonomy Incubator



The real art of flying

|. Preflight preparation

Il. Preflight procedures

lll.  Airport operations

I\VV. Hovering maneuvers

V. Takeoffs, landings and go-arounds
VI. Performance maneuvers

VIl. Navigation
VIIl. Emergency operations

IX. Special Operations

X. Postflight procedures




Reconnaissance for confined area landings

e High reconnaissance
o  Wind direction and speed
o  Find touchdown point
o Forced landing options
o  Approach/departure axes
e [ow reconnaissance
o Reconfirm earlier observations
o  Wires, poles
o Surface conditions: dust, sand, snow, debris and obstacles
m  Anything that is dangerous
o Slope

Source: Helicopter Flying Handbook ch 10 “Advanced Maneuvers”
____________






https://docs.google.com/file/d/0B6Zyc9vPLYgUcjFwMWJBRWVtV1U/preview
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https://docs.google.com/file/d/0BxCV4iKXGSr5RUJ3eElHZ0VldjA/preview

How to outperform the human

e The easy bits
o Permanent attention for everything
o Always a plan ready
o Look in all directions always
o Superior control over the airframe
o Should we pull the parachute?

e The harder bits
o Recognizing water, debris, snow
o Visual clues for the wind
o “anything dangerous”
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Engineering is the art of solving problems
within constraints

In the Aerospace sector we like to see
those formulated as requirements

7
A

B
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Helicopter Flight Contrals

Administration

Commercial Pilot ECTITSI
Practical Test Standards T e e e s T
it use during flight. They are the collective pitch control,

for the cyclic pitch control, and the antitorque pedals or tail rotor

control. Inaddition to these major controls, the pilot must also

se the throwle control, which is usually mounted directly

Rotorcraft to the collective pitch control in arder to fly the helicopter.

(Helicopter and Gyroplane) 1a this chapr, the control systems deseribed e ot limted
to the single main rotor type helicopter but are employed
in one form or znother in most helicopter configurations.
All examples in this chapter refer to 2 counterclockwise
main rotor blade rotation as viewed from above. If flying a
helicopter with a clockwise rotation, left and right references
must be reversed, particularly in the areas of rotor blade pitch
change, antitorque pedal movement, and tail rotor thrust.

February 2013

Flight Standards Service
Washington, DC 20591
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By humans, for humans




SUMMARY OF SAE INTERNATIONAL’S LEVELS OF DRIVING AUTOMATION FOR

AUTOMATED DRIVING e R ——

INTERNATIONAL.. lssued January 2014, SAE International’s J3016 provides a comman

EVELS OF DR|V|NG AUTOM AT|0N ARE DEF|NED |N o ication and facilitate coll, ion within technical and policy domains. It defines more than a dozen key terms, including those
A P A
If:lEW SAE |NTERNAT|ONAL STANDARD J30.|6 italicized below, and provides full descriptions and examples for each level

The repert’s six levels of driving automation span from no automation to fulf automation. A key distinction is between level 2, where the
humarn driver performs part of the dynamic driving task, and level 3, where the aufomated driving system performs the entire diynamic

driving fask.
: a A i & These levels are descriptive rather than normative and technical rather than legal. They imply no particular order of market introduction.
With the goal of providing common terminology for automated driving, SAE International's new standard J3016: El ts indicate e rather than system capabilities for Each?em_ :yni,rt?c{,|ar :hide fay have multiple d'm,mg
Taxonomy and Definitions for Terms Related to On-Road Motor Vehicle Auts ted Driving Systi delivers a automatien features such that it could operate at different levels depending upon the feature(s) that are engaged.
harmonized classification system and supporting definitions that: System refers to the driver assistance system, combination of driver assistance systems, or automated driving system. Excluded are warning
sgi 1o ’ e . and momentary intervention ems, which do not automate any part of the dynamic driving task on a sustained basis and therefare do
* |dentify six levels of driving automation from “no automation” to “full automation”. not change the ;,umndn-m;‘:re in pem;,mmg the dynamic m‘?\zhg task, g4 ) :
= Base definitions and levels on functional aspects of technology. = Fallback Sysam
y - TR _— - SAE Steering and Perfi Capability
Describe categorical distinctions for a step-wise progression through the levels. level MName Narrative Definition Acceleration/ Er‘:fvi?;[:::ni of Dynamic (riving
« Are consistent with current industry practice. Deceleration Driving Task Modes)
Human driver monitors the driving environment

Eliminate confusion and are useful across numerous disciplines (engineering, legal, media, and
the full-time perfermance by the hurnan diiver of all

public discourse). Aub 'I‘I?lllﬂl aspects of the dynamic driving task, even when enhanced  Humandriver Human driver Human driver
by warning or intervention systems

Educate a wider community by clarifying for each level what role (if any) drivers have in performing the
dynamic driving task while a driving automation system is engaged.

the driiing mode-specific execution by a driver assistance
system of either steering or acceleration/deceleration using
information about the di g environment and with the
expectation that the human driver perform all remaining
aspects of the dynamic driving task
the drfiing mode-specific execution by one or more driver
assistance systems of both steering and acceleration,
Partial deceleration using information about the driving
Automatlon environment and with the expectation that the hurman Syatem
driver perform all remaining aspects of the dynamic driving
task

Automated driving system (“system™) monitors the driving environment _ —

the driving mode-specific performance by an automated
Conditlonal dniving system of all aspects of the dynami ing task
with the expectation that the human dr il respond
appropriately to a request fo intervene
the driving mode-specific perfermance by an automated
driving system of all aspects of the dynamic driving fask, Syst Some driving
even if a hurman driver does not respond appropriately to a modes
request to intervene

Human driver Hisar deiver | | Human driver Some driving
and system modes

Driver
Asslstance

Human driver Human driver Sur:::r;:im
LEVELS OF AUTOMATION FOR

’ OVER FOR A TABLE SUMMARIZING
ON-ROAD VEHICLES - J3016

2 Some driving
Human driver s

Learn more about SAE J3016 or
purchase the standard document:

www.sae.org/autodrive

the full-time performance by an suwtomated driving system
of all aspects of the dynamit driving task under all roadway
and envirenmental conditions that can be managed by a
Fuman driver

System

Copyright © 2014 SAE Internatianal. The summary table may be
froaly copiad and distnibuted provided SAE Intaratianal and J5016
the the AS-IS.

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT

Key definitions in J3016 include (amang others):

Dynamic driving task includes the operational (steering, braking, accelerating, monitering the vehicle and roadway) and tactical
(respanding to events, determining when to change lanes, turn, use signals, etc.) aspects of the driving task, but not the strategic
(determining destinations and waypoints) aspect of the driving task

HUMAN DRIVER
MONITORS DRIVING ENVIRONMENT

0 3 Request to intervene is notification by the automated dving system to a human driver that s/he should promptly begin or resume
No Automation Driver Partial Conditional High Full performance of the dyramic driving task.

Driving mode is a type of driving scenario with characteristic aynamic driving task requiremnents (e.g., expressway merging, high speed
crulsing, low speed traffic jam, closed-campus operations, ete.).

Contact: SAE INTERNATIONAL +1.724.776.4841 » Global Ground Vehicle Standards +1.248.273 2455 « Asia+B6.21 61577368

Pl



Execution of Fallback System

Monitoring
SAE Steering and Performance | Capability
level Name Narrative Definition Acceleration/ arD;I':ing of Dynami (Drivi

Deceleration Driving Task Modes)

Human driver monitors the driving environment

the full-time performance by the human driver of all
aspects of the dynamic driving task, even when enhanced Human driver Human driver Human driver
by warning or intervention systams

the driving mode-specific execution by a driver assistance
system of either steering or acceleration/deceleration using
information about the driving environment and with the
expectation that the human driver perform all remaining
aspects of the dynamic driving task

S e Human driver Human driver Sarmel i
and system modes

the driving mode-specific execution by one or more driver
assistance systems of both steering and acceleration/
deceleration using information about the driving
environment and with the expectation that the human
driver parform all remaining aspects of the dynamic driving
task

Automated driving system (“system™) monitors the driving environment — _

the driving mode-specific performance by an automated
Conditional driving system of all aspects of the dynamic driving task e ok ver Some driving
Automation with the expectation that the human driver will respond modes
appropriately to a request to intervene

Some driving

Human driver Human driver S iotes

the driving mode-specific performance by an automated
High driving system of all aspects of the dynamic driving task, Some driving
Automation even if a human driver does not respond appropriately to a Bipste modes
request to intervene

the full-time performance by an automated driving system

of all aspects of the dynamic driving fask under all roadway Syst All driving
and environmental conditions that can be managed by a A modes
human driver

Copyright & 2014 SAE Internationall The summary table may be
freely copied and distributed provided SAE International and J3016
are acknowledged as the sowrce and must ba reproduced AS-15.

Dynamic driving task includes the operational (steering, braking, accelerating, monitoring the vehicle and roadway) and
tactical (responding to events, determining when to change lanes, turn, use signals, etc.) aspects of the driving task, but not
the strategic (determining destinations and waypoints) aspect of the driving task.




A modest proposal

e Define descriptive levels 0...5 cf. the
SAE for a comprehenswe set of tasks

o Notn arily the CPL(H) on

e For each task, Ievel define normative
metrics that would constitute sufficient
and convincing bars of compliance

e Profit!
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