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What do we mean by
Full Automation/Autonomy?

There are many definitions for automation

Automation: actions performed with little or no human operator involvement
• No requirement to adapt, learn, improve

Full Automation/Autonomy: Self-governance in the face of uncertainty
• expectation of adaptation and resilience



An Exciting Time for Automation/Autonomy

• Big progress in some areas of automation/autonomy
– Big Data - volume, velocity and variety
– Deep Learning (Google Deepmind AI beats human at GO, 2016)
– Networked operations and cyber-physical systems
– Moore’s Law(when predicted?) (exponential growth, doubling of

components on an integrated circuit every two years): faster, bigger
computers driving change with increasing velocity

– Sensor development

• Interesting time in terms of self-driving cars and
companies with robotic operations/factories like
Amazon, Tesla and Toyota

• Aviation has used automation since 1912



Assumptions for transitioning into
full automation

• Full Automation is desirable

• Full Automation will be beneficial

• Full Automation is achievable

• Automated systems will be at least as safe as current system

Shattuck, 2015



Automation is beneficial
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Airbus, 2015



Example of Beneficial Automation
Ground Collision Avoidance System (Auto-

GCAS)



Predicting risks of
automation introduction
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Airbus, 2015



Full automation

• The last 10% problem
– Putting off unknown until the end
– Last minute changes

• Automating some is very different than
automating the entire system

• Dealing with uncertainty
– How to allow for the unspoken rules?
– How to adapt for different cultures? (e.g.

ATC automation)



The Autonomy (Full Automation) Paradox

 Littoral Combat Ship

(Built to be operated by 45 sailors)

Dr. Larry Shattuck, NPS (pg. 13-15)
http://human-factors.arc.nasa.gov/workshop/autonomy/download/presentations/Shaddock%20.pdf

Autonomy doesn’t get rid of humans, it changes their roles
(Blackhurst, Gresham & Stone, 2011)

Global Hawk



Rio Tinto working to integrate
humans in with robotic mining

systems

Changing Roles - Generative, Adaptive
Expertise

• When a robot is doing the work, the process stops improving.

•  Improvement in non-deterministic environments requires adaptive expertise

Toyota replacing some robots on
the factory floor with humans

(2014)



NHTSA Levels of Autonomy



Autonomy in the world



NHTSA Levels of Autonomy



Example: Autonomous Cars

US patent (2016)



Example: Autonomous Cars

US patent (2016)



Example: Autonomous Cars

US patent (2016)



Deep Learning for Pattern
Recognition

•  From Jeremy Howard’s
TED Talk in Dec. 2014



Challenges for safety in automated
Automated Systems

• Environment is not well understood in some domains
– e.g. weather models are improving greatly but some phenomena we don’t understand

• Current State of the Art is the that human is integrator
• Behavior across highly-integrated, dynamic and tightly coupled  systems is not

well understood (Perrow, 1984)
• About 55% of major incidents and 15% of  accidents were associated with

system malfunctions (Flt DAWG Report, 2013)
• LOSA data suggest that airplane system malfunctions occur on 20% of all

“normal” flights (Flt DAWG Report, 2013)

•  Evaluation is critical and challenging
• may have small test community (traditional methods may not work)



Research Areas in Aviation Human-
Automation Teaming

Research Objective I. Determination of the Relative Abilities of Humans and Machines to Perform
Critical Functions…

Research Objective II. Determination of the Capacities of Human Operators for Handling Information
 in a Communication System.

Research Objective Ill. Determination of the Essential Information Required at every -Stage in the
Operation of an Air-Navigation and Traffic-Control System.

Research Objective IV. Establishment of Criteria and "Indices-of-Merit" for Human-Operator and
Human-Machine Performance.

Research Objective V. Determination of Principles Governing the Efficient Visual Display of Information.

Research Objective VI. Determination of Optimum Conditions for the Use of Direct Vision.

Research Objective VII. Determination of the Psychological Requirements for Communication Systems.

Research Objective VIII. Optimum Human-Machine Systems Engineering.

Research Objective IX. Maximum Application of Existing Human-Engineering Information.

Fitts, 1951



Automation and Workload

Hebb, 1955

Automation effects



Evaluating automation



How Do we Ensure Desirable Behavior?

DO-178B Software Design Process



Final Thoughts

• Humans will remain important components of complex systems
• Humans roles will change
• Even as computers get very “intelligent”, it is very likely that the nature of

the their intelligence will be different than that of humans (unless they
become omniscient or we program them to function just like humans)

• Humans are particularly good at adaptive problem-solving and discovery,
areas where there has been little machine intelligence progress

• Be aware of areas where you don’t have big data
• There is a need for human adaptive expertise
• Not all problems are associative in nature

23



Thank You

michael.s.feary@nasa.gov



The Economics of Human-Centered Automation

• For lower costs, higher efficiencies
and overall improved system
performance:
• Characterize nature of human roles (skills,

rules, knowledge, expertise) and tasks
(e.g., proportion of hard and soft
constraints)

• Wrap autonomy around remaining human
roles from the beginning

Dr. Jon Bornstein, DoD Autonomy Roadmap Autonomy Community of Interest
 http://www.defenseinnovationmarketplace.mil/resources/AutonomyCOI_NDIA_Briefing20150319.pdf

Critical to shape the autonomy industry
• e.g., Apple v. Littoral Combat Ship



Adaptive v. Associative Expertise
•  From Newell, 1990

• Human and machine
intelligence can arrive at
equivalent solutions via
different paths for certain
classes of problems



Methods for Evaluating Human –
Automation Performance



Resilience

Google adhesive covering, May 2016

Not just reliability - Resilience (engineering how it breaks)
Show engine



Full Automation is desirable?

≠

We are specifically discussing Commercial Airline Operations



Timeline for introduction of new
aircraft and transition out

• 737 MAX, B777-X, A350 will still be around in
2050



Toward Human-Autonomy Teaming?

Caged Robots Wild Robots

Teamed Robots



From Cummings, M.L., "Man vs. Machine or Man + Machine?" IEEE Intelligent Systems, (2014) 29(5), p. 62-69.

2015

http://hal.pratt.duke.edu/sites/hal.pratt.duke.edu/files/u10/IS-29-05-Expert Opinion[1]_0.pdf


•          Architecture based on autonomy performing all skill and rule-based roles, as well as most knowledge-based roles.  Manpower
reduced by two orders of magnitude with remaining expert humans teaming with machine intelligence to solve complex problem
solving under uncertainty. Machine intelligence for airspace management evolves from the outset to support teaming with small set
of expert humans to support cooperative problem-solving.

Adaptive

2050

Computers Humans

e.g, current HITL for
ATM Next-Gen
research



Current Commercial Aviation Issues

Highly interconnected
and integrated airplane
systems

Energy management
Attitude Awareness

Interaction:

Recent increase in opportunities for major trauma:
uncontained engine failure, explosion, bird or drone strike

ICAO/CAST, 2015



Human Cognitive Architecture not
Tabula Rasa nor Randomly Constrained

• Key characteristics of human
problem solving: “Why did this
happen?”  and “Can this be
done better?”
• Induction rather than deduction
• More than knowing the answer to

a question: what is the right
question

• Heuristics and biases 100,000 neurons

20 billion neurons



Autonomy in Mining
Networked operations
  - synchronizing activity

GPS-based localization
Obstacle detection

Had to add noise to the driving
algorithms so that the trucks
didn’t make increasingly deep
grooves on the roads.

Identify Assess Decide Interact/Execute



Flight Director and Transparency



Sheridan’s Levels of Automation
Decision and Action Selection

Automation:

10. decides everything, acts autonomously, ignoring the human
9. informs the human only if it decides to
8. Informs the human only if asked
7. executes automatically, then necessarily informs the human
6. allows the human a restricted time to veto before automatic execution
5. executes suggestion if human approves
4. suggests one alternative
3. narrows the selection down to a few alternatives
2. offers a complete set of decision/action alternatives
1. offers no assistance, human must take all decisions and actions

High

Low



NHTSA Levels of Autonomy
• Level 0:  Driver does everything
• Level 1: Most functions controlled by driver but some

(e.g. braking) can be done by vehicle
• Level 2: at least 2 functions automated (e.g. cruise control

and lane centering. Drivers can be hands-off but must be
ready to take control

• Level 3: Driver is still present, but able to completely shift
safety-critical functions to vehicle

• Level 4: fully autonomous vehicle, able to perform all
safety-critical functions and monitor roadway conditions
for an entire trip
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