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/ 4\ r ACT-R —\ / Model's Primary Tasks —\ X-Plane view while taxiing / Validation: SODAA Data —\ / Validation: "Turing Test"

There 1s a critical gap 1n attempting to predict aV.iation system © ACT-Ris a general-purpose | ¢ Preliminary development is complete o Will use a second validation approach
performance between large-scale engineering-oriented simulations Posterior prefrontal theory and simulation © Steering EIE e Now refining and extending the model i .,
and human-in-the-loop experiments. In order to bridge this gap, we Cort arCZ't?CtL;rﬁ for developé_”g ; e Corrective steering Near-t ) o model to be based it @A "Turing test” for the model
- s - modaeils of human cognition an * Near-term changes to model to be based on validation - - - - -

hav.e COIlS’FI‘llCtGd a model of a human pilot taxiing a Commerg.al performance + Small steering adjustments to keep aircraft on centerline efforts J v MUIt'pIe_mOV'eS will be re_Corded showing out-the-window
jetliner using ACT-R, a computational theory of human cognition . , G (OTW) view as ACT-R taxis

d perfi Th del tructed on the basis of a task , rocedura @ Inputs: Based on Salvucci's (2006) model of automobile driving ¢ Validation of human performance models is not : : :
and periormance. 10e model was COnstructed on the basis ot a tds (basal . Knowled o Turnin _ o Interspersed will be movies showing OTW as the plane
analysis that was synthesized from a mixture of prior literature, ganglia) . noWIeERe J straightforward follows the SODAA trajectory
official procedures, and consultations with SMEs. The model taxis * Taskenvironment + Examined real-world turn trajectories e Data for validation is frequently sparse . L

- : - - - : o« P ter setti . . © Can an SME reliably discriminate model-generated runs
a simulated 737 in the X-Plane flight simulation environment. Our _ arameter setlings + Used those to compute steering adjustments model would need e HITL simulations not always high fidelity ,
approach to validation, which we believe to be unique, will be to - Where <> wedil Tompora © Output: to make from human-generated runs*

- . o : ’ Cortox - Cortex - - ¢ Unique opportunity: SODAA data - -
validate the model against actual taxi trajectories recorded by real | e Timstamped behavior sequence + Model gradually adjusts yoke setting to steer through turn o If so, will debrief SME on what cues gave model away
pilots at DFW airport in actual operations. The model can * Full'time and position data from actual DFW operations e Direct future refinements toward correcting those

| e Canrun in real time | © Navigation
ultimately be used to provide higher-fidelity pilots in large %/ * Model maintains a representation in memory of current

simulations or used to populate the environment in human-in-the- location on taxi surface

loop experiments. | : :
N\ P / / Simulation Platform ., * Model scans for signage, compares expected location to
sttt what signage says

+ Not HITL simulation data, thus limiting fidelity concerns | mismatches

e Significant volume of data N\ /

© However, there are still issues

e Position data only; no communications information Future Directions and Applications
. . e Updates position e D fk hich traiector / \
Motivation | - | o not know which trajectories are errors
/ o - —t | o et ™ QO .: * Must take corrective action in cases of disagreement o Raises important questions o Extending model
o ourface tralfic management IS a Critical concern 10r Nextaen TS i i _ _ :
e | / \Z @ Scanning the taxiway e \What are the appropriate performance metrics? e Address more task complexity
e Goa_:_- optimize tlmm?' a;‘(:f rOLIthe f(: each plane” il <o e Look for incursions e \What are the criteria for those metrics? + More complete knowledge for off-nominal situations
* Too computationally difficult for human controller , : .. - - - L .
P y S / o | e Currently limited to looking for other aircraft, but will be o Preliminary comparisons already useful + Natural language communications with ground control

e Exacerbated by increasing amount of surface traffic expanded in scope in the future

Aircraft state e Widen range of taxi tasks

Flight controls — | Virtual Cockpit

e (Qualitative mismatches immediately evident

| | + Full set of different clearances
e ————————————————————————————————— + Different equipment (e.g., 7475)

o FAA and NASA developing algorithms to calculate optimal o Maintain Speed

routes , /4 * Make throttle/brake adjustments to keep speed in desired — —
e However, testing these algorithms is challengin bounds — AR -~ .

: ) ° : I Visual information | o + Taxi in after landing

o Human-in-the-loop (HITL) experiments on ground controllers Physical actions \ / Issues ldentified e Possibly expand to other team members
e Expensive Task analysis S { e / / \ + Pilot not flying
nowledge _ ) _ : : :
e Difficult to explore much of the design space o strategies  — Model's Envi : ACT-R model at the same point in time © Model generally matches spatial trajectories well + Ground controllers
e Require many participants to act as “pilots” to ensure / oael s environmen ) e Dark blue line is human data; others are model runs e Applications
simulation fidelity \ ® RMCL File Edit Lisp Tools Windows G [ @M O 3 ¢ @O ThulddPM Q.

00 0 3X-TREAM Virtual Cockpit - ® Replace human “pseudopilots” in HITL simulations of ground

44444

” S — controller activities

33333

o Large-scale computer simulations © 737-800 jetliner in highly authentic environment

e No dynamic models of human pilots \ / o DFW Airport
e Simulated pilots react in zero time, perfectly predictably e X-Plane representation of DFW is good, but not complete
e Also do not detect and correct for off-nominal situations e Augmented with complete signage

| o Task Analysis | | |
e Lack of human element raises serious fidelity concerns | f \ o Surface Operations Data Analysis and Adaptation (SODAA)
\ / ¢ Knowledge included in the model is based on a detailed tool (Brinton, Lindsey, & Graham, 2010)
task analysis of taxiing

e Records surface position of every aircraft on the DFW taxi

44444

= /A e FEvaluate impacts of changes in displays or other cockpit
= technology

- + Virtual HITL simulations

33333
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- '- * |nform database of pilot response time distributions

- | = + DB being developed by Aptima as part of the same project

55555
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+ Literature is often incomplete; model can fill holes

55555

Appl'OCICh ® Two primary sources: surtace over time o * Perhaps eventually, participate in large-scale NASA/FAA fast-
[ N\ * Airline and FAA procedural documentation * We have access to several segments of these recordings - time simulations of metroplex air/ground traffic
o Construct computational cognitive models of pilots taxiing e (Consultations with SMEs o SODAA data integrated with X-Plane flight simulation = | | | | | |
¢ Validate model. Two prongs: o Initial analysis has been refined during implementation platform \, /
e Compare with extensive data taken from real operations at o Example piece: * Single plane removed from the data stream e However, model is too fast Acknowledgments
DFW airport (SODAA data) : e Replaced by ACT-R model e Red is human data, blue are model runs / , \
+ Many issues still to be resolved in exactly how to do this ‘ - e Model then taxis in real-time environment populated by _ o
comparison. n planes that moved as they did in real DFW environment B0 e S Listenes |
+ What is “good enough” performance on what metrics? v v | 33.800  VISIon SET-BUFFER-CHUNK | SURL-LOCATION VISURL-LOCATIONG31-65 REQUESTED NIL

33.888  PROCEDURAL CONFL ICT-RESOLUTION

33.888  PROCEDURAL PRODUCT ION-SELECTED TURN-TOWARDS-RED-SIGN
33.8086  PROCEDURAL BUFFER-RERD-ACT ION GOAL

33.888  PROCEDURAL BUFFER-REARD-ACTION VISUARL-LOCAT ION

33.858  PROCEDURAL PRODUCT ION-F IRED TURN-TOWARRDS-RED-S|GN

Compare if

expected consistent

Look OTW at Retrieve
e “Turing test”: Can an SME discriminate model performance [Signage ] location
from real pilot performance?
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33.8590  PROCEDURAL MOD-BUFFER-CHUNK GOAL
d 33.850  PROCEDURAL CLEAR-BUFFER Y ISUAL-LOCAT ION
. 'f¥§5’ 33.850  NONE UPDATEYOKE
update 2 14.8636, 0.1048, 29.32, 33.85
© Deploy Va“dated |||Ode| expected 111.8732, 159.5658, 9.6774, 1.3530
and check - @.1591, 133.1802, 112.26084
458.0000, -S561.0000 623.0000 -412.0000

® |n place of human pseUdOpiIOtS In HITL simulations plistance g 33.850  PROCEDURAL CONFL | CT-RESOLUT | ON

© NASA for funding and guidance

© Volkan Ustun at Rice for recent model development and
validation work

33.988  NONE UPDARTEVC
33.968  NONE PROC-DISPLAY

e Use to populate database of human pilot response time

distributions for use in large-scale simulations Q l
\ y Estimate Recall: Is
time to turn or hold

intersection required?

© Ron Carbonari and Jonathan Silver at UIUC for X-Plane and
SODAA assistance

o Multiple SMEs who contributed expertise
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CL-USER * Busy
l CL-USER'Y (turning isa turn state nil)

CL-USER * Execute Buffer.. done.
If turn is
required
c h . I
Determine I

Use optic turn THE COMPUTER-HUMAN

Eg\!siilgle If direction INTERACTION LABORATORY AT RICE UNIVERSITY
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