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Strategic TFM

In today’s operation, TFM decisions are experience driven

The National Airspace System is a complex, highly-
connected, non-stationary system

A multi-stakeholder, multi-objective problem

Forecast uncertainty drives the tradeoff between

Act Now Wait and See

How can advanced automation assist in this space?
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Al's Understanding of the Situation

Vision for Al-Enabled TFM

Challenge: In today’s operation, TFM planning
decisions are experience-driven Al Recommendation
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Key Aspects of Human-Machine Teaming in TFM

Design Content

Al sheds light on Transparenc Augmenting et
information sources, ..-F:-.. y Cﬂgnltmn ...,dl'lg':l....

Design Process

Design Specifics

data used by Al, Observability Directing Directability Information
priorities Transparency into Attention Humans can direct Presentation
what an automation Orient attention to and redirect an Format information
partner is doing critical problem automation partner’s to support
relative to task features and cues resources, activities, understandability &
progress and priorities simplicity

Exploring the

Al helps humans PFredu_:tabfhty Solution Space Calibrated Design
_ think through u;ure t'."?ﬁmlma Leverage multiple Trust Process
implications actions, E"sz:;:;:: gre views, knowledge, Understand when TR TR s
including ‘do understandable and solutions to and how much to systems engineering
nothing’ jointly understand trust automation processes for HMT
the solution space partner
Adaptability Common
Recognize and Ground
adapt fluidly to Pertinent beliefs,
unexpected assumptions,
situations intentions are shared
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Al takes direction
from humans on
how to solve a
problem

Al provides its
confidence or
experience in
specific situations
so users rely on it
appropriately



Design and Evaluation Process

User Engagement

Weekly interactions with SMEs
to elicit specific Human-Al

interaction needs to
support Calibrated

Trust

Human
Machine
Teaming

Design Concepts,

Wireframes
Ideate in a rapid, iterative
design process to develop
visualizations to direct and

understand the Al-enabled solutions

MITRE

Four Roundtables

* Does [X] support the development of
Calibrated Trust?

* Which human-Al interaction concepts
are the most promising?

 What is the currency of collaboration in
collaborative decision making?

« What are the human expectations on
the Al in this context?

Human-in-the-Loop (HITL)

Experiment
 Does Al add value to the human
decision maker?
« Sample Metrics
« User Adoption, Compliance
* Confidence in Decision
* Machine Learning Trust Score
» Explainability Satisfaction
* Predicted Plan Performance
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Calibrated Trust

Overtrust The user
“Error” trusts the
system as
é\, )
<O much as it
Trgst / @6 deserves to
Reliance \\\0\’0 be trusted
O’b
Undertrust
“Inefficient”
“Disuse”

Trustworthiness / Performance

Appropriate Reliance: Users understand the strengths and weaknesses of the Automation/
Autonomy/Al, so they will rely on it appropriately and use it more effectively
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Prototyping a Solution

Today’s 26 forecasts Simulates what the expected demand
and capacity is based on the
weather

Today’s demand

Provides an indication of its own
familiarity/experience with the
current weather forecasts

Offers TFM Courses of Action and
estimates their impact; supports
derivative planning from these

Weights some
forecasts more heavily
than others based on
their recent accuracy
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Al Experience

historical forecasts & demand today’s forecast & demand Al experience is high because
it has trained on many
similar historical days

Al in Training

Solution more likely to
be optimal given the Al’s
high experience
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Case Study: Managing Arrivals into Atlanta (ATL)

Generate Simulate Traffic

with updated weights) Recommendation y
Do Nothing Fix
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Driving Example: Directability and Observability

& O Ronald Reagan Washington N...

Washing ;
@ ashing Options
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Fastest route now due to traffic conditions
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MITRE

X Trip options
Avoid tolls

Avoid highways

Avoid ferries

Prefer fuel-efficient routes

Maps will suggest fuel-efficient routes by default
when arrival times are similar

Engine type
Gas

See toll pass prices

Estimates based on standard local pass for each
toll road, when available

® 7hr42min v @ @
445 mi + 12:49 AM
—

‘!‘ Head north °

0N

S WSS or

Muted
Alerts only
Unmuted

R

dlesex T“mpike

1hr 12 min slower
No tolls

O

mph

© 2024 THE MITRE CORPORATION. ALL RIGHTS RESERVED. APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED. PUBLIC RELEASE #24-3267.

| 10 |



| 11 |

Situation Overview

Demand and Capacity

Collapse

Capacity Fixes Hide Fixes
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What-if Capability
Add Custom Plan

Allows multiple TMIs to be
added to the plan

Name: ‘ My Custom Plan

Custom Color:

Type Start End Duration 15m Rate o

Ground Delay Program (GDP) VH 13:15 vH 14:15 v‘ 1h Om ‘ 24 v| E

: - : — @ Add T™I
‘ 14:15 vH 15:30 v‘ Th 15m ‘ 26 "|E -

@ Add Time Period
Show Plan Inputs

HOUR 12:00 12:15 12:30 12:45 13:00 13:15 13:30 13:45 14:00 14:15 14:30 14:45 15:00 15:15 15:30 15:45 16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:45
My Custom Plan (Draft) 24 24 24 24 26 26 26 26 26
I (Capacity) Weighted Avg 24 24 24 24 24 24 24 24 26 26 26 26 28 28 28 28 29 29 29 29 28 28 28 28
(Demand) Scheduled 14 21 17 13 23 24 30 26 29 20 24 22 17 6 13 11 6 10 14 17 20 19 22 19
(Demand) Al Recommended 14 21 17 13 22 21 23 18 9 17 22 22 22 39 19 11 6 10 14 17 20 19 22 19

Provides Al and custom plan
summaries for reference
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Plan Evaluation

Recommendations and Metrics

Metric summaries calculated the
projected impact across all future
scenarios, weighted by likelihood of

Current Date/Time occurrence Hide Legend
2018-11-25 12:00 Plans
Change Nothing
AVG IN-TRAIL
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0.00 7.48 N /A 0.71 78 Turn Off Groupin
Plan GDP 14:15Z-15:30Z @ 26 " @ Ping

Al Experience Index: MEDIUM

Similar day classification model
provides transparency into Al’'s
familiarity with problems “like today”

MITRE

Average Residual Delay
estimates remaining
demand/capacity imbalance
from corresponding TMI plan

1.0

0

9

08

07

06

0.5

0.4

0.3

0.2

0.1

| 13 |

Collapse

2 6
1.0 L)
0a 4
06 3
0.4 2
02
ey ey et Iy By R B
& ch- ‘>§ QDQ Q_pe ,@ %@3 :S\} & rFO ‘}Q ,,.‘-33 &03 /__@ t@ :\Q\B L§ rQO ‘}Q- & (-QQ A?Q tQQ :\Q\y
Vo S e L = R

Time histories provide additional
detail and align with selected demand
view
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Key Takeaways

time generation of recommendations to new problems

Successfully created working Al that incorporates (offline) historical learning to inform (near) real-

@y Roundtables showed that Traffic Managers trust was appropriately calibrated to the Al experience

f / \ Quantified Al's experience on “days like today” based on domain-informed features

III Generated operationally-informed quantitative metrics to assess the goodness of TFM plans
0 developed under uncertainty
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QUEStIOnS? Dr. Christine Taylor Patty McDermott
Principal Al Engineer Principal Cognitive Engineer
MITRE MITRE
ctaylor@mitre.org pmcdermott@mitre.org
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Additional Material
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1000s of historical .
weather forecasts Tralnlng the Al Today’s forecast
Historical demand

Today’s demand

Al in Training Deployed Al

Over time, Al produces a
rulebook about which TFM Using the rulebook at a

solutions work best in starting point, tries millions
different scenarios. of solutions and chooses the

% best one
o
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