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CONTEXT AND PROBLEM
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People’s view on Artificial Intelligence
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Why are we so afraid of it?
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What actually is Al and machine learning?
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THIS 1S YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF UINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSUERS ARE LJRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

https://xkcd.com/1838/



Don’t panic: Al (and automation in general) is not
expected to fully replace humans just yet

Despite the advances in Al and modeling techniques, we cannot yet guarantee 100%
safe and reliable autonomous operations under all possible situations without any
human intervention. In the coming decades, the task left for humans is supervising
(highly) automated processes.
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Supervision requires transparency

What is the machine ‘ What is the human
thinking about? ' thinking about?
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One possible solution: establish a common ground

Common ground /
shared mental
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Challenge: how to manage complexity?
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THE “ECOLOGICAL” APPROACH
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My research: transparent automation through visual
representations (on a human-machine interface)

The human-machine interface plays a crucial
role in making the machine more transparent

Goals, skills, and establishing a common ground.
preferences
O .
5 |—> Visual
OA perception output
- action input
Worker = Human-Machine Interface Machine
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Common approaches to interface design

User-Centered Design

People have limited abilities and information
processing capacities to solve problems.

Technology-centered design

Machines are superior in multitasking and accurately
and quickly performing repetitive and routine tasks.

Worker Machine
%
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The approach determines what will be shown

Tailor the interface to the user’s needs.
Show information people want and can handle.

People have limited abilities and information

processing capacities to solve problems. ‘

Automate the user out of the control loop.
Show nothing or elementary status information.

Machines are superior in multitasking and accurately
and quickly performing repetitive and routine tasks.
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Ecology-centered design: broader perspective

Work environment

Goals, skills, acting
preferences
acting sensing
O .
5 |—> Visual
OA perception output
input
Worker = Human-Machine Interface Machine
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The work domain (ecology) provides behaviour-
shaping constraints

Put the emphasis first on understanding the world!

Rules
Principles

Laws of physics

Irrespective of human and/or automated agents, we all
need to obey the laws of physics of the work domain!

Thus, this approach goes beyond the use of colors, fonts and lines, and also specific technical
capabilities, by focusing first and foremost on the laws and principles governing work.
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Herbert Simon’s “Ant-on-the-Beach” parable

“The Sciences of the Artificial” (1969)

To understand why the ant choose its trajectory, it.is best to first study the beach instead
of the ant’s mind, because the beach provides behaviour-shaping constraints.
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Ecological Interface Design (icente & Rasmussen, 1992)
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Note: boundaries are
dynamic in nature and can
change over time.
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The approach determines what will be shown

People have limited abilities and information
processing capacities to solve problems.

Machines are superior in multitasking and accurately
and quickly performing repetitive and routine tasks.

Involve the user and facilitate adaptivity and creativity.
Show (physical) boundaries and constraints on actions.
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So what is the ecological approach?

My definition:

Ecological Interface Design is a design framework that
encourages a constraint-based approach with the goal
to visualize the space of possibilities® in a way that
supports people’s skill-, rule- and knowledge-based
behavior.

* space of possibilities: opportunities for action governed by laws (of
physics), principles and rules of the work environment.
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EXAMPLE IN AIR TRAFFIC CONTROL
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ATC: Keep the moving blips safely separated
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Current means to control traffic

“change your speed,
direction and/or altitude”
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Electronic radar screen: Plan View Display

waypoint + KLM1030 callsign |
240 240 | current and target flight level
210 350 | indicated air- and ground speed
A320 M aircraft type and wake category
\ 270 heading
airway

Humans base their decisions
on this information!
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Crash course in conflict detection & resolution

Are these two aircraft in a conflict™?

Extrapolate over a certain

" look-ahead time

S " predicted loss of separation
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Deeper structure of the control problem

protected
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Deeper structure of the control problem

pro

Rpz = 5NM

,/
e end of loss of separation
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How to share this model with humans?

EID: find an alternative representation for conflict detection &
resolution that can be visualized.

protected
------ zone

conflict zone /
velocity obstacle
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How to share this model with humans?

EID: find an alternative representation for conflict detection &
resolution that can be visualized.

N

protected
zone
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How to share this model with humans?

EID: find an alternative representation for conflict detection &
resolution that can be visualized.

4_.(.«..
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How to share this model with humans?

EID: find an alternative representation for conflict detection &
resolution that can be visualized.

Note: in robotics, this representation is
known as Velocity Obstacles!
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Facilitate human-automation collaboration?

EID: find an alternative representation for conflict detection &
resolution that can be visualized.
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How to share this visual model with a computer?

Convolutional Neural Networks — good for processing image data

INPUT
Channels: 3

Convolution
Filters: 32

—> Downsampling

Convolution
Filters: 64

= Downsampling

_ | Convolution

| Filters: 32

> Flattening+—>| Dense

Dropout

—>» Dense

OUTPUT
Classes: 2 or 3

SIZE: 64x32x3

63x31x32

Part A:
Data generation

31x15x32

30x14x64 15x7x64

Part B:
Model training

14x6x32

2688

Measuring conformance

1024

Part C:

1024

Test data (run 4)
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ATCo

ATC simulator

Dataset

K-fold validation

Supervised learning

Individual models
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Model testing

Performance
metrics

Consistency
metric

Rooijen, S. J. Van, Ellerbroek, J., Borst, C., & Kampen, E.-J. Van. (2019). Conformal Automation for Air Traffic Control
using Convolutional Neural Networks. In Thirteenth USA/Europe Air Traffic Management Research and
Development Seminar (pp. 1-10). Vienna.
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OUTLOOK
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Using all our other ecological displays as a basis for
machine learning

Aircraft energy management

PPPPP

Aircraft
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Aircraft arrival
management (planning &
sequencing task)
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and many more...
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Ecological displays exist in other fields as well

Cyber security: computer network defense

World Map

Temporal Trend
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Framingham Model

30%
25%
10 Year CVD Risk

7.2%

Systoli c

Diastolic

70 80 30 100 110
9 Blood Pressure (mmHg)
JNC-7 Guidelines

70 100 130 160 100 220
LDL Cholesterol Level (mg/dL)

20 - z Ls 20 25 30 35
160

ATP-lIl Guidelines

Medical: assessing risks of cardiac disease

..and process control, power plants,

automotive domain, etc.
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Concluding remarks

* Ecological interfaces should not be interpreted as “natural”
and “intuitive” displays!

* Designing ecological displays requires a deep understanding
of the control problem to be solved!

* Aremaining challenge is how much domain complexity can be
shared with humans!

* How “ecological” automation impacts human understanding,
acceptance, trust, etc. is ongoing research!

Further reading:
Van Paassen, M. M., Borst, C., Ellerbroek., J., Mulder, M., & Flach, J. M. (2018). Ecological Interface Design

for Vehicle Locomotion Control. IEEE Transactions on Human-Machine Systems, 48(5), 541-555. http://
doi.org/10.1109/THMS.2018.2860601

Borst, C., Flach, J. M., & Ellerbroek, J. (2015). Beyond Ecological Interface Design: Lessons From Concerns
and Misconceptions. IEEE Transactions on Human-Machine Systems, 45(2), 164—175. http://doi.org/
10.1109/THMS.2014.2364984
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