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@< Whatis Human Factors?

Understanding the interactions among humans and
other elements of a system.

Understanding how human capabilities and
limitations affect system performance






To Traffic Managers and
Coordinators

http://www.fly.faa.gov/Products/Information/Tour/tour.html



ATM System Is a
Human Centered Contract Process

E7ICAT -

e Contract process — “Clearance”

1 Negotiate

[ Execute

L1 Monitor

[1 Re-negotiate/Amend

e Limited resources

[J Runways
L1 Airspace
L1 Airport surface

e Agents

L1 Controllers (strategic & tactical)
L1 Pilots

L1 Airlines

L1 Airports

Adapted from Dr. R.J. Hansman, MIT



MIT
CAT =<

ATM System Current
Functional Structure

A

Planning - Strategic Level

A

Execution - Tactical Level
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Source: A. Haraldsdottir Boeing



Human Agents Within
Functional Structure

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I T Clearance !
. Clearance I I I
Wc?ather Capacities Lolads : Requests : : Requests : ACI)C
: Filed l Approved Planned i I I | l
Y ___ Flight ! Flight —=———— Flow Y __ Approved _L__¥ | .
Flight | Plans National | - | Facility | o .. Sector Handoffs SECIOr | \/ectors Alrcraft Aircraft State
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- Planps - r->{glanning - —»> .- - _Control I)r Pilot
| Flight  hrs- Traffic ' 5 Controller p_S>mmn
| Schedule Management : , ' | Traffic
Coordinator | i Sensor
s AC State
Sensor |« Other Aircraft

States

Source: A. Haraldsdottir Boeing



Controller’s Task

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I T Clearance !
| Clearance I I I
Weather iti Loads AOC
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Source: A. Haraldsdottir Boeing



SR MIT
M-, Controller Goals & Tasks

e Goals:

L1 Prevent a collision between aircraft operating in the system
L1 Organize and expedite the flow of traffic

e Tasks

L1 Ensure separation

1 Give control instructions

[ Monitor and operate interphones and radios

[J Accept and initiate handoffs

[J Enter instructions /clearances into computer

[J Coordinate with surrounding controllers, including pointouts

[ Request/receive and disseminate weather, NOTAMs, NAS status,
traffic management and Special Use Airspace status messages.



o >eparation

 Multiple separation standards

[0 Radar
[ Procedural
O Visual

e Separation standards can depend on

[0 Wake vortex
[ Aircraft size
[ Distance from radar site






Example Sector: Albany

e Sectors come in multiple shapes and sizes

»

YORK ¢

NEW

BOST




Example Procedures

e Altitude for Direction

L IFR, Even Thousands Westbound, Odd Eastbound (0-179
Magnetic)

0 VFR +500

[0 DRVSM above FL29

e Radar Contact

 Transponders

0 Codes
[0 Mode C altitude verification

e Hand Offs
O BOS, NY Transition LOASs

e Lost Communication

 Holding Patterns

From Dr. R. J. Hansman



Procedures

NEW
YORK

MANCHES ER

l BOST

g/

~

IDENCE

Manchester
arrivals
descend to or
below FL190

Providence

arrivals
descend to
FL190

Source: ZBW 7110.33N, Boston ARTCC Standard Operating Procedures, Oct. 1999



Cognitive Capabilities and Limitations
Affect Performance of the ATC Task

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I 77 Clearance !
. | Clearance I I I
Wc?ather Capacities Lolads : Requests : : Requests : ACI)C
: Filed l Approved Planned i I I | l
Y ___ Flight ! Flight —=———— Flow Y __ Approved | .
Flight | Plans National Plans Facility Rates Secto_r Handoffs Vectors Alrcraft Aircraft State
Planning — Flovy —_— Flov_v —>| Traffic _
; Plan . ‘ rr Pilot
" Flight  hrs- Traffic <5
| Schedule Management _ | Traffic
Coordinator Sensor

________________________________ AC State

Sensor |« Other Aircraft
States

Source: A. Haraldsdottir Boeing



Endsley Situation Awareness
Model

*System Capability «Complexity
eInterface Design eAutomation
Task/System Factors *Stress & Workload

Feedback

N )

Situation Awareness \
~N N
V

Perception Of omprehension Of Projection Of
Elements In Current Situation | Future Status
i Current Performance
State Of the // R . Decision
—> Environment Situation Level 2
Level 1 ) Level 3 Actions

~

j /

Individual Factors ] ]
Information Processing
Mechanisms
*Goals & Objectives
Long Term Memor i
*Preconceptions [ 9 Stores y ] Automatically ]
(Expectations)

«Abilities

*Experience
*Training




ATC Workload as a
System Constraint

caT =<

Ramp Taxi Runway

Gate
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Ground Controller Local Controller

Ramp Controller

Gate controller



| Traffic Situation Display
s (Sector Alert)

= Traffic Situation Display = |
Display Maps Flights Alerts Weather
Reroute Tools Help

Monitor Alert
Parameter
(MAP)

Intervention
necessary to
prevent
controller
from being
cognitively
overloaded

From www.fly.faa.gov



Cognitive Complexity

e Difficulty of controlling an air traffic situation

e Represents limiting factor in ATC operations:

L1 Determines acceptable level of traffic
L] Limits sector and system capacity

Sector Capacity Limits (10-20 AC)



Structure in Operational
Environment
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Layers

Elements Within Layer

Specific Examples

[ Focus Areas

ATL merge point

Patterns [ Flows “Final” / ATL flow |
[ Aircraft Groups Flight Level groups ]
( [ [ “Trombone” V S D
ATC Informal Operating Procedures rombone” Vector Sequences ]
Procedures [ Formal Operating Procedures Letters of Agreement / SOPs ]
& )
4 [ Communication Protocols Frequency Change Procedures ]\
Published [ Trajectory Procedures STARS/ SIDS ]
Procedures
Regulations Separation Standards
N [ J

ATC Boundaries Sector Boundaries
Externally Driven Boundaries Military Operating Area Boundaries

Path Definitions Airway / Jet Route

Location Definitions Intersection / Fix / Waypoint

CNS Elements

Radio / VORs / Radar Antennas

Core Elements

Airports / Aircraft / Terrain




Example of Underlying Structure

ZTL, Logan Low Altitude Sector (110 — FL230), October 19, 2001

BTA3017
230T. 422
CLE ATL
E145 01:41p

DAL873
210T 419
BUF ATL

352 01:39p _.__..B72Q 01:40p

N9999

130 222
RMG UZA
PA46 02:38p

CAA344

110T 252

HTS ATL

E120 01:26p 140T 3754

-1 A




~ Structure-Based Abstractions and
= Controller Process Model

‘ SITUATION AWARENESS Control
LEVEL 1 LEVEL 2 LEveL 3| | Processes
Surveillance Perception JComprehension [Projection
Path
Al 2 N\
ir SsEmsmssmsmssmEmmsEEw,
- 2 : : STRUCTURE-BASED = WORKING DECISION
Traffic |<=] © - : MENTAL
Situati > 3 ABSTRACTIONS : PROCESSES
Ituation a S | LT E P L FEP L L - « Monitoring
L : COGNITIVE e Evaluating
. COMPLEXITY e Planning
PERFORMANCE  Current
ATC OF ACTIONS s
. - e Implementing
Operational 3
Context )




Examples of

Structure-Based Abstractions

Standard Flows

O Aircraft classified into
standard and non-standard
classes based on relationship
to established flow patterns.

Groupings

O Common, shared property,
property can define non-
Interacting groups of aircraft

o E.g. non-interacting flight
levels

Critical Points
OO E.g. merge point
[0 Reduce problem from 4D to
1D “time-of-arrival”.

Responsibility

O E.g. discounting non-relevant
parts of situation

O E.g. delegating separation
responsibility (“maintain
visual separation”)

Non-standard
aircraft

Standard flow

k <— Non-

Responsible

Standard —» <— Sector boundary
aircraft

Critical point

Standard flow

Figure by MIT OCW.




Critical Points Example
Chicago Arrival Sectors

A NEE

Chicago Arrivals, May 3, 2002. 8:59 p.m.



MIT ~  Preliminary Experimental Study of
PICAT < “Critical Point Abstraction”

e Based on the results obtained from observation channels, can
develop and test hypothesis about effects of structure.

 Preliminary Experiment:

[0 Vary specific structural factors in merging task:
o Number of incoming flight paths

0o Co-location status of merge points
>O—> O OO
o4 Valaldl

Co-Located Non Co-Located

e Critical Point Abstraction Hypotheses

[0 Scenarios with non-co-located merge points will be more complex
[0 Scenarios with a larger number of incoming flight paths will be more
complex



Co-located Merge Point Scenarios Showed
Fewer Violations, Less Commands, and Better
Perceived Controllability

Average Number of Violations

2.5 ~

600 +

500 A

400 -

300 A

(Knots)

200 A

100 -

Average Speed Change per Aircraft

Co-located Non Co-located

SEPARATION VIOLATIONS

5 4

Average Cooper-Harper Rating

Co-located Non Co-located

Co-located Non Co-located
Flight Path Arrangement

WORKLOAD
AVERAGE SPEED CHANGE
COMMANDED PER AIRCRAFT

i

SUBJECTIVE CONTROLLABILITY

COOPER-HARPER RATINGS



@R MIT
DICAT <

o ®
o o o
| | |

N
o
|

Time-to-Conflict (sec)

0 Probed conflict anticipation time

Experimental Support for Structure-
Based Abstractions

for 3 structural configurations of

traffic (Point / Line / Area)

Configurations with a reduced

order, or dimensionality of
problem, showed earlier

anticipation and fewer errors

o
o

Point Line Area

% of Conflicts Missed



ICAT =

Power of Structure-Based Abstractions

Handle more traffic as structure increases

Maximum number of aircraft in a

controller’s sector

40 7

30 7

20

107

40+

Many Two merging  Single traffic  Traffic on
crossings flows of traffic flow tracks

Level of Structure =P




Free Flight

Operators have the
freedom to select
their path and speed
In real time

0 User-preferred
routes chosen for
operating efficiency
rather than
compatibility with air
traffic management
(ATM) structures

Undermines
structural basis for
Structure-Based
Abstractions

[ Important to
understand and
consider users’
abstractions and
mental models

Source: http://virtualskies.arc.nasa.gov/research/tutorial/tutorial3.html



MIT ~ Projection Is a Key Element of
ICAT —= Maintaining Situation Awareness

" AIR TRAFFIC CONTROLLER

‘ : SITUATION AWARENG

3 LEVEL 1 LEVEL 2
Surveillance erceptlon Comprehensfio
Path

Control
LEVEL 3 L OCesSses

PrOJectl J

e.\

Alr > DECISION h
Traffic [ S PROCESSES
Situation 7 L « Monitoring
_— COGNITIVE e Evaluating
COMPLEXITY e Planning

“Current
Plan”

C ; PERFORMANCE
ATC | “r
Operational . e Implementing
Context




TR MIT . L
¥ - Temporal/Spatial Projection

e Task, mental model and available abstractions

strongly affect ability to maintain situation awareness
of projected future states of the situation.

* Projection has been observed in field studies to be
significantly different in various ATC environments:
[0 TRACON- spatial projection

[ En Route Center- mixed spatial/temporal projection

[1 Oceanic environments- procedural temporal projection (no
cognitive projection required)



SR MIT

PICAT =

Future Operations: 4D Trajectories Will
Ngg Require New Abstractions & Procedures

Projecting
additional states

1 New temporal
abstractions

New Structural
elements:
0 Procedures for
meeting Required-
Time-of-Arrival

CURRENT

4D TRAJECTORY

NWA 541
310
.81

AAL 281 UAL121 cop 30
310 310 310
81 .83 80
\
A =

;g( BOSOX ) )
\ Minimum
AAL 12 Separation
310
.81
& j NWA 541 AAL 281
310 310
81 .81
DAL 820 310 310
310 83 .80
79 N 56 55
61 b b
\DAL 321 4 4
310 BOSOX
'5881 BOSOX RTA Sequence
10 =61 DAL 820
- =60 NWA 541
/AAL 12 05 =
%§F7 310 00 ™59 DAL321
.79 FE —
. 55 F 58 AAL 12
=57 AAL 281
LN —
V| m BA 1IAL 404




a MIT ~  Future Concepts May Transform
PICAT == Roles of Controllers

Planning - Strategic Level

A

Execution - Tactical Level

A

besied
Schedule of Sector I I T™ Clearance '
. Clearance I I I
Wc?ather Capacities Lolads : Requests : : Requests : ACI)C
: Filed l Approved Planned i | I I l
Y ___ Flight ! Flight —=———— Flow Y __ Approved _L__¥ | .
Flight | plans | National| oo | Facility | oo | SECtor | Handoffs | SEGIOF | \/o.iors [ AFCRAft Aircraft State
Planning —>| Flow |=——( Flow |=—>| Traffic Traffic W
: Planps - r-> Planning |- —» - CM Pilot
| Flight  hrs- Traffic | 5-20 min |I\_I|eg?1t|?:e : 5 min : = > min
| Schedule Management : andatis ' | Traffic
Coordinator \ Controller Sensor
L SRR AC State
 Changing function allocation between SENsor |« Other Aircraft
controller’s, pilots, and automation States

O Delegating separation function to pilot / automation
[0 Controller as system manager, supervising automation

e Challenges

O Responsibility
O Humans as monitors
O Fail-safe modes and intervention

Source: A. Haraldsdottir Boeing



MITT

CAT =<

Survelillance of the
Operational Environment

A

Planning - Strategic Level

Weather
1

A4

Flight
Planning

*
|

Filed
Flight

Plans
—

Flight

| Schedule

A

Execution - Tactical Level

Desired
r-————777 | T~ Alomramea |
Schedule of Ssz:g; | Clearance | | Clearance | roc
Capalcmes | : Requests : : Requests : |
I I I
Approved Planned I I | I
v pp— v Y Approved | \4 | v
- Flight = Flow pp - :
National | - | Facility | o ... | Sector Handoffs SECtor | /e tors Aircraft  |Aircraft State
Flow [=—| Flow |=—>| Traffic Traffic ol i z
Planp — r-~>/Planning |-—» - Control earancr
hrs - Traffic z Controller p S°mh
Management L__ | Traffic
Coordinator Sensor

_______________________________ AC State

Sensor

<@ Other Aircraft

States

Source: A. Haraldsdottir Boeing



R MIT . .
@ -, Key Surveillance Properties

e Update Rates

] Radar
0 Enroute — 12 seconds
o Terminal — 4.2
seconds
[ Procedural / Oceanic
o0 Reporting points — 10
degrees of longitude

e Data quality




i

e

CAT =<

Human Factors Challenge:
Mixed Equipage Environment

* EXxperiment, using part-task simulator, to identify cognitive
Implications of mixed equipage environment

[\‘. final.map - Air Traffic Control

File Options Help

= 3 Scenarios:
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Fan
\D
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Fif

Clearance Window

Rircraft ID; | i
attitude: | | | -]
Speed: [ 1=l
Route: | |

Communication Window

et heen implemented.

The communication window has not |«

Stop,

» ADS equipped
aircraft (high
frequency
surveillance) — 20
nm separation
minima

»non-ADS equipped
aircraft (low
frequency
surveillance) — 50
nm separation
minima

Thu Jan 01 13:16:30 GMT-05:00 2004 > I\/l i X ed ai rC raft



Aircraft Subjects Maneuvered

“Which aircraft were you more likely to maneuver to
resolve the conflict?”

All responded: Aircraft equipped with High Frequency Surveillance

Aircraft Subjects Maneuvered

3.5
£ 3
©
O 25 -
< |
5 2 B ADS
o 15 - (| [@non-ADS
O
£ 1 N
>
< 0.5 I

0- ‘

Subject




Displays

Planning - Strategic Level

A

Execution - Tactical Level

A

besied
Schedule of Sector T I T Clearance !
. | Clearance I I I
Wc?ather Capacities Lolads | Requests || Requests | ACI)C
: Filed l Approved Planned i | I I l
Y ___ Flight ! Flight —=———— Flow Y __ Approved _L__¥ | .
Flight | Pians | Natonal| p,s | FaCHlity | popog [ SECIOM | Handoffs SECLor | \/octors Aircraft — JAircraft State
Planning > Flow [—| Flow (— Traffic Traffic — idance
Planps S — ~-->/Planning |- — » - - _Control earanc
" Rignt  nrso|  Traffic Controller : !
| Schedule Management ' | Traffic
Coordinator SIETE

_________ AC State

Sensor |« Other Aircraft
States

Source: A. Haraldsdottir Boeing



< Data Blocks

e Datablock CO 123

Information:

O Altitude 350C

I Aircraft Type
O Ground speed B 757\310

 Challenges \
O Information \\\\

saturation
o Route / Intent
0 Equipage
O Legibility
[ Overlap




- Increased Computing Power Creates
sl New Human Factors Challenges

* Increased information availability
1 Weather displays

 Avoiding overwhelming user

O Clutter
1 Overlapping windows

e |ncreased use of color

[ Color blindness / deficiencies
O “Christmas Tree” effect
L] Standardized / cultural meanings



Flight Progress Strips

BRUTT 21 SAN./ .LEF 321833 ONL .
NEATSE 11 |31 378 1114 F5D RWF RWF1I 1355
@46 HSP
T/EA32/6 | 9120
THEEGGEEB T |
a7 a1 OhL

* Intent communicated through description of route of
flight




Future: Electronic Flight Strips

e Capture and present flight data information in a digital form

e Expands set of available information
0 Improves data flow & coordination

 Arethere consequences of losing tangible physical object?



Digistrips (CENA)

Enroute control

Touch screen replaces
strip rack

Character recognition
and pop-up menus



a7 =< Controller —Pilot Communications

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I 77 Clearance !
. | Clearance I I I
Wc?ather Capacities Lolads : Requests : : Requests : ACI)C
: Filed l Approved Planned | I I
Y ___ Flight . Flight —— Flow A X . .
Flight | Plans National | - | Facility | o .. Secto_r andoffs SECIOr | \/ectors Aircra ircraft State
e | Flow [=——| Flow |=—>( Traffi Traffic
Planning . e : Clearanc .
Plan ~->Plannig]g I —> - Control Pilot
T Flight  hrs- Traffic L Controller p_S>mmn
| Schedule Management : : ' | Traffic
Coordinator ! ! 4
s AC State
Sensor |« Other Aircraft
States

Source: A. Haraldsdottir Boeing



- Human Interaction Within ATM
PICAT = Based on Assumed Set of:

e Common Rules

[0 Federal Aviation Regulations
O ICAO standards

e Common Information (static)

[J Published charts

[0 NAVAID and airport data
O NOTAMS

0 Airways, intersections

e Common Procedures
[ Instrument Approach Process (IAP)
[0 Standard Terminal Arrival Routes (STARS)

 Common Language
O English, ICAO standard procedures

e Common Background and Culture

[0 Safety Critical Culture
[0 Professionalism, Shared Respect
[0 Apprentice training



. Communication:
B Controller Pilot Interaction

 Primary interaction element is the clearance

L1 Contractual agreement for resources
o Airspace
o0 Runway
o Airport surface

e Interaction increases with amendments due to...

O Weather

O Traffic

1 Airspace/NAVAID
O Fuel state



R MIT .
= Current Communication Paths

e HF - High Frequency
 VHF - Very High Frequency

e Delegated / indirect communications



e Indirect Communication
= Oceanic Voice Relay

ﬂzeykjavik Center \

OCEANIC CONTROL
B\ Procedural |e
Other Centers Controllers |«
. ; t )
Controllers ) i y
_» Mixed <
\_ J Controllers |«

|
|
| )
| 4

\\DOMESTIC Controllers /
I A

‘L v

if available

A

- — = Aircraft ICELAND RADIO

controllers



e Controller-Pilot
B Communication Limitations

e Language
 Foreign/local accents
e Speech rate

e Technology limitations

[ Frequency congestion
o “Blocked”
[ HF limitations — Oceanic airspace

* Responses:

[J English common language

o0 Local adaptations / policies
[0 Redundancy & readbacks
] Standardized phraseology



Cross <Fix> At And Maintain <X> Feet
Descend And Maintain <X> Feet
Change Speed to <X> Knots

Cross <Fix> At <X> Knots

Turn <X> Degrees

Cleared Direct to <Fix>

Change Speed to <X> Knots Or Greater
Climb And Maintain <X> Feet
Intercept Arrival...

Change Speed to <X> Knots Or Less
Altitude Assigned at Pilots Discretion
Start Your Descent

Clearance

Other

22%

0%

5% 10% 15% 20%
Percentage of Total Commands

25%

61%



SR MIT _Introducing New Technologies:
WCAT = CPDLC

CPDLC — Controller/Pilot Datalink Communications
O “Email” for controllers

CPDLC-MESSAGE cEt;:;
+ PpB:308-KICR 3

OME TO ZMA KEY SITE
EEEEEFDLE, FIRST AC TOD
RECEIVE A D
MESSAGE.

<RETURN 89:02

First CPDLC message sent from ground to
atrcraft

image source: http://www.faa.gov/programs/oep/v6/Smart%20Sheets/ER/ER-3%20V6.htm



o (Some) CPDLC
el Human Factors Issues

e Reaction /response times

e Synchronization
1 Complex instructions

e Security
O Verifiability?

e Social?

e Sjtuation awareness



o Affective States
Y |ICAT e Accessible Over Radio

e Affective states

O Emotional states
0 Workload

[0 Urgency

O Stress

[ Capability

[0 Attenuation

e \oice communications
[0 Speed of response

e Controller assesses

[0 Competency
[ Attentiveness
0 Reliability

* Pilots assess

0 Workload
[ Urgency

e Possible loss of this affective state information with datalink
systems

From Dr. R.J. Hansman, MIT



“Party Line” Information

CD e

Traffic Avoidance Sequencing

Weather Deviation Controller Errors

\\j , L - & D

Missed Approach of . ,
Preceding Aircraft Anticipate Holding

*“Party Line” Information was found to be an important, but unreliable source of
information in surveys, analyses & simulator studies

eFuture datalink systems should integrate the important PLI elements during the
design of Controller/Pilot Datalink Communications (CPDLC)

From Dr. R.J. Hansman, MIT



Controller — Controller
Interactions

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I T Clearance !
Clearance | I I
Weather iti Loads AOC
: Capalcmes | : Requests : : Requests : |
: Filed I Approved Planned | I I P
\4 : v ; v Y Approved | \4 | v
Flight National Flight Facili Flow S pp S Rirerare TlAircraft Stat
Flight | Plans ationa Plans | Fact ity Rates ecto_r Handoffs ectc_)r Vectors Alrcra Ircraft State
Planning —>| Flow [ Flow |=——> Traffic Traffic Cloaranc
Planning Planning | ~-->{Planning - —» - Control ,r Pilot
T Flight  hrs- day hrs ! 5 Controller : = > min
| Schedule : , ' | Traffic
! ! Sensor
| |
1 1
1 1
1 1
| |
s AC State
Sensor |« Other Aircraft

States

Source: A. Haraldsdottir Boeing



Controller — Controller
Interactions

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector I T Clearance !
| Clearance I I I
Weather iti Loads AOC
: Capalcmes | : Requests : : Requests : |
: Filed l Approved Planned i I I | l
Y ___ Flight ! Flight —=———— Flow Y __ Approved _L__¥ | .
Flight | Plans National | - | Facility | o .. Secto_r Handoffs SECIOr | \/ectors Alrcraft Aircraft State
Planning —>| Flow [ Flow |=——> Traffic Traffic Cloaranc
" Planning Planning : Pilot
| Flight  hrs - day hrs : = > min
| Schedule ' | Traffic
Sensor

<@ Other Aircraft
States

Source: A. Haraldsdottir Boeing



Airspace Structure Dictates Coordination and
Information Sharing Needs

Low Altitude
Sectors

Albany TRACON



~27 =< Controller-Controller Interactions

e Controller/Controller
coordination

I Individual flights
o Coordination, Handoff
o Special handling /
Emergencies
O Flow coordination
O Resource status

e |Interaction mechanisms

] Supervisor
L1 Flight progress strips

o Annotation

o Positioning (e.g., strip

rack)

o Accumulation (workload)
L1 Affective

o Posture

o Gesture



< WL Area of Responsibility /

7V ICAT o 4 Control / Regard

Complexity of controller-controller interactions reflected in 3
key “areas” of controller activity and attention

Area of responsibility:
O Formal sector boundaries

Area of control;

[0 Region where commands are issued
[0 Typically encompasses “upstream” of sector boundaries
[0 Typically does not include all of own sector

o Aircraft are “shipped” as soon as possible

Area of regard:
[0 Region controller devotes attention to
[J Anticipating aircraft upstream

Consequences:

[0 Understanding complexity requires consideration of broader area than
formal sector boundaries.
[J Areas likely expand / contract in response to complexity / task load



R MIT Handoffs Occur Upstream of Area
K7 |CAT- of Responsibility Boundary

e Blue = Aircraft Trajectory ¢ Red = Electronic Handoff Times

(arrow points to relevant sector
* Black Border = Sectors boundary)

Handoff from
Sector 31 to 32

Handoff from
Sector 44 t0 20 REEE A

Multi-altitude boundary (Sector 31 is only top right,
Sector 32, sitting on top of Sector 31, is both pieces)




Decision-Support Tools Support
Controller and Multiple Interactions

Planning - Strategic Level

A

Execution - Tactical Level

A

Desied
Schedule of Sector T I T Clearance !
. |  Clearance I I I
W(?athel‘ CapaiC|t|eS LOIa.dS I Requests I I Requests : A(I)C
| I I I
: Filed ; Approved Planned | I | : i : l
Y Flight Flight : Approve . .
Flight | Plans 3 Se<]:ctfc_)r Vectors Alrcraft Aircraft State
Planning Traffic Clearanc .
Pla anaias Control Pilot
T Fiight Traffic Controlle ——=<5mm
| Schedule Management : ' | Traffic
Coordinator ST

Decision ' <= Other Aircraft
Support States

Tools

Source: A. Haraldsdottir Boeing



ZICAT

e

MIT ~ ~ Supporting Controller - Controller
Interactions

Information sharing
technologies

O ETMS/ASD
+ Airborne traffic
& Projected traffic flow
O CTAS
€ TMA arrival coordination
O URET
[ Electronic flight strips
¢ Richer data potential
¢ Input workload
# Loss of physical artifact

¢ Head down time (tower)

Traffic Management Advisor
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| URET:
-l User Request Evaluation Tool

ICAT-

“What if” medium term conflict evaluation
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www.faa.gov



B CRDA;
=< Converging Runway Display Aid

Spacing for approaches to intersecting
runways

“Ghosts” simplify cognitive projection
task

Supports enhanced collaboration
between terminal and tower controllers

Decision aiding tool, not decision
making tool



Active FAST (aFAST)

 Provides strategic and tactical advisories

L1 runway assignments and landing sequences
L1 heading, airspeed and altitude commands
[J FMS approach clearances

 Predicted to reduce excess in-trail separation



./ aFAST:
4 Active Final Approach Spacing Tool

e aFAST provides terminal area arrival controllers with

Passive Functionality
* runway assignments
* landing sequences

Active Functionality
» heading advisories
» speed advisories
e trajectory preview

Future Functionality
e altitude advisories
* FMS clearances

From Dr. R.J. Hansman, MIT



Controller — Automation
Interactions

Planning - Strategic Level

A

Execution - Tactical Level

A

Desitd
Schedule of Sector T I T Clearance !
. Clearance I I I
Wc?ather Capacities Lolads : Requests : : Requests : ACI)C
: Filed l Approved Planned i I I | l
Y ___ Flight ! Flight —=———— Flow Y __ Approved _L__¥ | .
Flight | Plans National | - | Facility | o .. Sector Handoffs SECIOr | \/ectors Alrcraft Aircraft State
Planning —>| Flow [ Flow |=——> Traffic Traffic Cloaranc
- Planps - r->{glanning - —»> .- - _Control I)r Pilot
| Flight  hrs- Traffic ' 5 Controller p_S>mmn
| Schedule Management : , ' | Traffic
Coordinator | i Sensor
s AC State
Sensor |« Other Aircraft

States

Source: A. Haraldsdottir Boeing



2R MIT .
-, Automation/DST Interfaces

e Controller — Automation communication critical
e Trackballs

e Customized
keyboard

e Automation dependent
on up-to-date
understanding of intent



SR MIT ~Unique Opportunities to Improve

ICAT Voice Recognition

Integrating domain specific features: e.g. Air Traffic
Control

Limited vocabulary
Standardized speech patterns

Bi-directional “recognition” opportunities



Improving Voice Recognition
Using Bi-Directional Features

Single User Phase

Roger that.
British Airways

i | 123 expediting \ Bi- Directional Phase

I descent.
Roger that Brltlsh Airways (123 expediting descent.
Speedbird [123 expedite descent.

, z’ g

. Speedbird 123
_,| expedite
descent.




&7 .7 < Future of Information Sharing

=)




What is System Wide Information Management?

+ NAS-wide information grid
— Integrates NAS legacy systems and networks with NAS-wide management
functions
— Integrates NAS grid with external agency grids
+ Management of community information exchange
— Surveillance, weather, flight data, aeronautical and NAS status information
— Defines data for all system users
— Creates roadmap telling them how to find it
« Potential Core Services
— Directory/Reqgistry Service
— Interface Service
— Brokering Service
— Infrastructure Management Service
— Enterprise Security Service

)
SWIM — Program Information £ ¥'\*\ Federal Aviation

- -] s v
APANPIRG/CNS/MET/SG/10 — July 17 - 21, 20086 ".’v: z/ Administration



Program Definition (Cont.)
What is System Wide Information Management?

Terminal
Controllers
o

En Route Rt e | W
Controllers Non-FAA Users w :
(e.g., Airlines, DoD) FAA

Command Center

SWIM — Program Information (i | Federal Aviation
APANPIRG/CNS/MET/SG/10 — July 17 - 21, 2006 % fEdmimis Eapion




o Multi-Agent
= Semistructured Process

 Agents typically have complex goal sets

L1 Pilots- aircraft-centric
] Controllers- system-centric
L1 Dispatchers- airline-centric

e Shared goals
[l e.qg., Safety

e Different goals
L] e.g., Workload vs. Efficiency

e Ambiguity of goal priority

 Negotiation vs. Hierarchy

[J Shared information may increase negotiation
[J Need for clear Hierarchy in time constrained environments?



Other Issues

e Training

e Multiple decision support systems / automation tools

1 Warnings and alarms
1 Workspace design

e Fatigue



- Summary: Human Factors
S Challenges

e Sijtuation awareness

[ Required for informed control decisions
L] Effect of structure/procedure

L] Effect of complexity

L1 Controller/Pilot shared SA

e Attention limitations

[J Humans poor monitors
1 Out of loop SA

e |Information and task overload

] Signal vs. noise (clutter)
L] Saturation

Adapted From Dr. R.J. Hansman, MIT



- Summary: Human Factors
PICAT == Challenges (2)

e Understanding of automation/optimization criteria

0 Controller mental models
0 Complexity issues

e Human acceptance of automation

O “Trust

[J Labor Issues, Job Security
O Reliability

[0 Change

e Human reliance on automation

[0 Loss of base skills
[0 Unexpected situations
[0 Failure/degraded mode operation

Adapted from Dr. R.J. Hansman, MIT
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