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We consider how a jet transportairplane interface supports the flight crew in managing
airplane system failures (or nonnormals) for continued safe flight and landing The existing
state of the artstarts with a list of airplane system component failures and asks the flight
crew to determine, with the help of nomnormal procedures, the operational consequences of
those failures. As airplane systems become more complex and interconnected, the flight
crewOs ability to determine operational consequences will become inadequate. We describe
an approach that attempts to translate airplane system failures directly into airplane
Ocapabities,O which is a set of basic airplane functions, such as the ability to stop after
landing. This paper describes the overall framework for supporting flight crews in
operational decision making and the initial efforts to develop a language and display
concepts.

I. Nomenclature

GPS = global positioning system

ILS = instrument landing system

LNAV = lateral navigation

MALSR = medium intensity approach lighting system plus runway alignmeigator lights
NNC = non-normal checklist

RNAV = area navigation Fig. 4 After restoration of autothrottle.

RNP = required navigational performance

RiyShight plarefiasd aricabppearaticBineompatible with the airplane®s capabilities. The operational limitations
EMin to e FESRIGaRe error management

NAV = vertical navigation

YHS last event@iRIencaEd $6E8Fs scenario was for the weather at KOKC to change; specifically, thundeityrm act N
nearby the airport. This weather information is picked up and used to generate a message because of the airplaneOs
particular vulnerabilities (icing and windsheallaldifgsticiiie 5).

Throughout the history afommercialaviation, he approach tmaraging airplane system failuréss been tied to
sensing and reporting on failures of physical airplane components (e.g., a hydraulicosystestectrical bys This
approach requires the flight crew, with the aid of procedures, to sort out howplheeais affected in terms of
continuedsafe flight and landing This can be a complex task for flight creessd, in a number of cases, flight crews
have been unable to anticipatéully the consequencege.g., AAL 268 https://www.ntsb.gov/ layouts/
ntsb.aviation/brief2.aspx?ev_id=20081007X03940&ntsbno=CHI081A292&aRkey=1










Theprototype development allows usgmomptpilot reviews ancevaluateperformance in simulated tasksfusther
refine theselisplays and compare this presentation to the custata of the artSome of the issues we are continuing
to explore are
- Currently, this display identifies only those capabilities that are degraded or lost. Remaining capabilities are
not displayedaligning with a Oquiet, darkO interface philosoplsy.Oquiet, darkO appropriate for the
capabilities display or is there value in knowing the status of the full set of capabilities?
- Should all affectedirplanecapabilities be displayed or should Vimit the display to just those that are
relevant to the current mission?
- Should we organize as much as possible according to phase of flight or should limitations be displayed in a
more enduring way?
- Should thetypes ofinformationproposed herbe provided ora separatélight deck display, integrateidto
existing displaysor would it replacexisting format8

We hope to begin to address these questions and others in our future work.
VII. Summary and Conclusions

The objective of our worls developing and refining flight deck displays to support managing airplane system failures.
The inevitable push toward more complex and interconnected airplane systems will lead to a significant gap between
the information presented by the sysi@®s arplane system component failures)d the flight crewOs ability to use it

for operational decisiemaking Other industries, such as nuclear power, developed displays in the 1980s to better
support operators in understanding how well operational obgsctiere being met [3hviation has lagged behind

This paper reviewed a set of display prototypes that we have developed to embody our ideas about presenting airplane
capabilities. Further, there is an opportunity better integratenformation on theoperational environment and
airspace infrastructure into these displays to better support a range of operational decisions.

References

[1] Helmreich, R. L., Klinect, J. RandWilhelm,J. A. ®odels of threat, error, and CRM in flight operati@gii@nth
InternationalSymposium orviation Psychology Columbus, OH, 999, pp. 677682

[2] Mumaw, R.J., Feary, M., Fucke, L., Stewart, M., Ritprasert, R., Popovicandl Deshmukh, R. (2018).
OManaging complex airplane system failures througstriactured assessment of airplane capabilities,O
NASA/TM-2018291775, 2018.

[3] Woods, D.D., Wise, J.A., & Hanes, L.F. (1982). OEvaluation of safety parameter display concepts,G EPRI NP
2239.






Oklahoma City

(0] (¥ rwy
35R

9,803 x 150 ft

Available 35R 35R | KOKC App
approaches IR LOC J other rwys

« LNAV + VNAV
= unable « Avoid icing conditions

Auto- Ice
Flight * Autothrottle unable Protection

+ GND PROX alert *: « RNAV GPS approach
may not occur A " not authorized
. roac
Surveil- « WINDSHEAR alert AEEeSS « RNAV GPS arrival

lance may not occur not authorized

Fig. 2 After the AC Bus failure.

Because LNAV and VNAYV are lost and these capabilities are required to compute a lateral and vertical path on board,
the airplane is not able to fly the RNAV arrival and approach. The other available approaches to this runway are
shown and can be selected. The airplane capabilities section of the display shows the four functional areas that have
been affected: autoflight, surveillance, ice protection, and approach access. This is a subset of the larger set of airplane
capabilities, and, ideally, aids the flight crew in making sense of what has been affected. Next, note that there have
been changes to the operational limitations or deviations for four phases of flight. The display also indicates how
many limitation/deviation items there are in each phase of flight. By clicking on that area of the display, you can
navigate to another display (Figure 3) that provides details on these limitations.
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Fig. 3 Operational limitations display.

The display does not expand every phase of flight. In this case, it details three of them; other phases can be selected
for viewing. Note that the MALSR inop issue (a loss of runway lighting) is from a NOTAM (notice to airmen).

Flight crew application of non-normal checklists (NNCs) can restore the autothrottle, but all the other losses remain

after all NNCs have been performed. After the flight crew switches to the ILS approach, the mission overview display
looks like Figure 4.
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Fig. 4 After restoration of autothrottle.

The flight plan for the ILS approach is now compatible with the airplane’s capabilities. The operational limitations
remain to be managed.

The last event we created for this scenario was for the weather at KOKC to change; specifically, thunderstorm activity
nearby the airport. This weather information is picked up and used to generate a message because of the airplane’s
particular vulnerabilities (icing and windshear alerting) (see Figure 5).



Fig. 5 After weather information is added.

A remaining design issue is the combination of
- vulnerability to a hazard/threat (due to degradation or loss of a capability);
- the presence of the hazard/threat

The primary question is, “Is there value in explicitly indicating the combination of the two?” That is, is it enough to
identify a lost capability (icing protection) and separately the presence of icing conditions? Or, should the mission
compatibility display also explicitly identify the combination?

VI. Integration with the Existing Flight Deck

We should note that not all of this information is new. Some of it exists currently—e.g., operational limitations, some
maneuver limitations, loss of autoland—in many of the current flight deck interfaces or in the procedures provided
with the airplane. We are both defining new information and organizing the larger sets of information to better support
operational decision-making.



The prototype development allows us to prompt pilot reviews and evaluate performance in simulated tasks to further
refine these displays and compare this presentation to the current state of the art. Some of the issues we are continuing
to explore are
- Currently, this display identifies only those capabilities that are degraded or lost. Remaining capabilities are
not displayed, aligning with a “quiet, dark” interface philosophy. Is “quiet, dark” appropriate for the
capabilities display or is there value in knowing the status of the full set of capabilities?
- Should all affected airplane capabilities be displayed or should we limit the display to just those that are
relevant to the current mission?
- Should we organize as much as possible according to phase of flight or should limitations be displayed in a
more enduring way?
- Should the types of information proposed here be provided on a separate flight deck display, integrated into
existing displays, or would it replace existing formats?

We hope to begin to address these questions and others in our future work.
VII. Summary and Conclusions

The objective of our work is developing and refining flight deck displays to support managing airplane system failures.
The inevitable push toward more complex and interconnected airplane systems will lead to a significant gap between
the information presented by the system (as airplane system component failures) and the flight crew’s ability to use it
for operational decision-making. Other industries, such as nuclear power, developed displays in the 1980s to better
support operators in understanding how well operational objectives were being met [3]; aviation has lagged behind.
This paper reviewed a set of display prototypes that we have developed to embody our ideas about presenting airplane
capabilities. Further, there is an opportunity to better integrate information on the operational environment and
airspace infrastructure into these displays to better support a range of operational decisions.
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