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Overview

Three Themes

- Ongoing need for human engagement with
autonomy

- Not designing autonomous systems to interact
with humans increases costs

- At a system level, autonomy coupled with human
intelligence will remain superior to either on its
own



Machine Intelligence

We appear to be at an exciting time with respect intelligent
machines (again).

A Four Related Areas of Development
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1. Big Data - volume, velocity and variety

2. Deep Learning

3. Networked operations and cyber-physical systems
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Mo o r lea@ @xponential growth, doubling of components on an integrated circuit
every two years): faster, bigger computers driving change with increasing velocity

Stephen Hawking, Bill Gates and Elon Musk have all recently
warned about the potential dangers of Al

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

Big Blue, Watson, Pokerbot
Google DeepMind Al Division beats human at GO (Jan 2016)
First Al investment software hits Wall St. (Feb 2016)



Progress in Artificial Intelligence

PROGRESS
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Weak Al

Pattern analysis,
image recognition
(e.g., NLP, SDCs,
Go, Watson)

Strong Al

Adaptive problem
solving, reasoning,
generalizable



Recent Developments

UPDATED: Littoral Combat Ship USS Montgomery
Suffers Engineering Casualty, Fifth LCS Casualty
Within Last Year

The Littoral Combat Ship

A New, highly autonomous
vehicle

By: Sam LaGroneg
September 16, 2016 12:26 PM - Updated: September 16, 2016 10:52 PM

In the end, the ship required 60
sailors, all E5 or above
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US Navy Orders Engineering Stand Down, e and they are s
major issues

Retralnmg for LCS Crews

By: Chrigtopher P, C Septembe 2016 Phara Creger U Meid



Manpower Reduction:
Start with the Human (Not the Technology)

The Autonomy Paradox i

(Blackhurst, Gresham & Stone, 2011)

AAutonomy doesnd-. -« g =

humans, it changes their roles
A DoD has shifted from Levels-of-
Automation to Cognitive Echelons

As machine intelligence advances, the The Littoral Combat Ship
need for better human interfaces

_ Built to be operated by 45 sailors
Increases

Dr. Larry Shattuck, NPS (pg. 11%)
http://humanfactors.arc.nasa.gworkshop/autonomgownloadpresentations/Shaddock%20.pdf
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Relative strengths of computer vs. human information processing

From Cummings, M.L., " "IEEE Intelligent System$2014) 29(5), p. 689.


http://hal.pratt.duke.edu/sites/hal.pratt.duke.edu/files/u10/IS-29-05-Expert Opinion[1]_0.pdf
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e.g, current HITL
for ATM Next-Gen
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Uncertainty

Relative strengths of computer vs. human information processing

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.
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What are the Challenges of
Working with Autonomy?

A Lack of transparency about intent, state awareness,
risk/confidence posture, graceful degradation, etc.

A Part of the challenge is just the reverse though.
Given that the Autonomy does not know what the
human is trying to do, it is difficult for the system to
know to engage in ways that are useful.
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Toward Human-
Autonomy :

Caged Robots







Path to Collaborative, Human-in-the-Loop Planning Systems
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