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HUMAN FACTORS RESEARCH ON PERFORMANCE-BASED NAVIGATION
INSTRUMENT PROCEDURES FOR NEXTGEN

Divya C. Chandra and Rebecca J. Grayhem
United States Department of Transportation
Volpe National Transportation Systems Center, Cambridge, MA

Abstract to this effort. RNAV allows an aircraft to fly directly
between points in space without relying on

_Arga navigation — (RNAV) and  required conventional ground-based navigation aids (e.g., by
navigation performance (R.NP). are key Componentsusing satellite-based navigation). Required
of performance-based navigation (PBN). InStrumentNavigation Performance (RNP) is a refinement of
progedures that use RNAV and RNP can have MOTENAV  that includes on-board monitoring and
flexible and precise paths than conventional routes , .
that are defined using around-based navigation aioISalertlng to ensure that the actual performance of the
As a result RNAV gn%l RNP routes cag enh'anCenavigation system keeps the aircraft position within

. ; - established criteria. RNP allows more precise path
operational safety, efficiency, and access.

design, which is particularly useful for developing

At the United States Department of approach procedures to runways. For example, RNP
Transportation Volpe Center, we are identifying andapproaches often include radigsfix (RF) path
documenting human factors issues associated witlsegments (i.e., precisely curved legs) to avoid
implementing PBN instrument procedures for theobstacles. Further information on RNAV and RNP
Federal Aviation Administration (FAA). This effort can be found in a variety of FAA handbooks and
supports the FAA transition to the Next Generation repats [1] - [5].
e e o) o8 DS instument  procedures based on RNAY

; ) including those with RNP segments, offer safety

use of PBN instrument procedures. In this paper, we

explain why human factors research is needed angnhancements along with new levels of flexibility to
b y negotiate terrain, airspace, and environmental

rovi xampl fr rch i . For exampl : . :
provide examples of researc ISSUES. TOr exampl&,nsiderations. More RNAV procedures, with and
new procedures may result in increased visual

complexity of charts, which in turn could increase without RNP segments, are being developed each

) . year in order to support PBI5], [6]. The FAA is
pilot workload and the potential for error. committed to developing RNAV and RNP

We are also conducting analyses and procedures, particularly those with large operational
experiments to understand and improve the usabilitypenefits, as part of its response to recommendations
of aeronautical charts for PBN instrument made by RTCA [7] and in response to legislative
procedures. Our work in this area is summarized inrequirements.
this paper. More information can be found at
xv\'\évt\;\gi\{gl?gg?fhigvigoggl;r?aa{:;ﬂng'g;?g\r/]'h;?;rgnits | ith the design, depiction, and implementation of

" \RNAV and RNAV (RNP) procedures because they
also supports other human factors research teams bLy

e - . . an result in paths that are complex to fly and depict.
listing and summarizing publicly available reports on h icall ; h 4 ¢
related topics. These routes typically require the assistance of a

Flight Management System (FMS) to negotiate
precise speed, altitude, and lateral path constraints.
Introduction Therefore,the FAA’s broad human factors research
The United States (US) Federal Aviation !requirement is to ensure that performance-b_ased
Administration (FAA) and the International Civil instrument procedures are usable by appropriately

Aviation Organization (ICAO) are transitioning to qualified pilots.
performance-based navigation (PBN) operations. Volpe Center researchers are helping the FAA
Area navigation (RNAV) procedures are fundamentalprogram managers to identify, scope, plan, and

There are human factors concerns associated
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coordinate research projects that address the wide Training requirements for RNAV procedures are
variety of human factors impacts that could arise withcontained in [8], for RNP operations and barometric
performance-based operations. In addition, the Volperertical navigation in [9], and for RNAVRNP)
Center is leading research to address one key issuduthorization Required (AR) procedures in [10]
the usability of charts for RNAV and RNAV (RNP) Pilots must be familiar with both text and graphical
procedures. depictions of RNAV and RNAV (RNP) procedures.
From these, they must be able to understand the flight
path, determine equipage requirements for the
individual procedure, and be able to useda
Hnderstand RNAV and RNP terminology, as well as
specific air traffic phraseology. Pilots must also be
ﬁble to understand and use RNAV and RNP
information that is system-specific, such as flight
deck automation and alerting interfaces. Pilots must
be able to operate RNAV equipment appropriately
RNAYV and RNP (e.g., initialize system position and use the FMS to
monitor the flight path and adhere to speed and/or

illustrates the design efficiencies that RNAV and altitude constraints associated with the procedure).

RNP afford relative to conventional routes. RNAV Finally, piIOt.S must be able to execute 'contingency
alone allows for additional airspace efficiency, as procedures in case of RNAV and RNP failures.

seen by the rectangular airspace boundaries in place

of the ftrapezoidal boundaries required for Research Planning and Coordination

conventional navigation aids. Paths can be more o
In order to understand the research needs in this

precise with RNAV, as illustrated by the reduced area, Volpe Center compiled and reviewed relevant
width of the rectangles. With RF legs, curved paths N P P .
ublished and unpublished materials. We also

can be created to avoid terrain or other areas such zPs L X
nsulted with industry and government subject

special use airspace or noise abatement regions. R atter experiments. The products of this effort @re
paths can be even more precise than RNAV path b : P
iterature library and a 5-year research plan that

because of the aircraft monitoring and alerting defines areas for research
capabilities, as illustrated by the even narrower :
rectangles. Because RNP is essentially a type of
RNAV procedure, we refer to RNAV routes with Literature Review

In the next section, we provide additional
background on RNAV and RNAVRNP) procedure
design considerations and training requirements
Then we describe our progress on the researc
planning and coordination tasks. Finally, we
summarize progress on our chart usability researc
and present planned work.

Figure 1 below, from the FAA website,

RNP segments as RNAV (RNP) procedure There is relatively little published literature on
Current Ground RHAV RHP the specific topic of human factors issues related to
Navaids Waypeints PBN. One early document is a technical report in

which the authors compile, review, and categorize a
long list of issues [11]. The issues list was gathered
from a review of voluntarily submitted aviation
safety reports, attendance at professional meetings
and conversations with subject matter experts. Some
of the issues are coordination or process issues, while
others are research issues that could be addressed
through data collection. One of the key
recommendations from this report is that research is
needed to develop comprehensive and specific

Highly Optirni zed

Limited Design  Inpreased firspace Useof lirspace human factors guidelines for the design RNAV
PR Emclass and RNAV (RNP) instrument procedures that take
Figure 1. Conventional, RNAV, and RNP Routes into account flight crew and controller performance.

They acknowledge that this goal can only be
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achieved through a series of research studies, not orResearch Plan

study alone. Volpe Center prepared a 5-year research plan
In a related repor{l12], the authors analyzed describing human factors research and development
reports pertaining to RNAV procedures from the needs and objectives regarding charting and
Aviation Safety Reporting System (ASRS) databasejnstrument procedures for the FAA by reviewing
a public online database of voluntary reports that isdocuments from our literature review and by
managed by the National Aeronautics and Spacé&onsulting with subject matter experts. The plan
Administration (NASA). They identified 124 reports contains a list of topics divided into sections based on
filed between 2000 and mid-2005 related to RNAV Whether the projects are active, proposed, or closed
Standard Instrument Departure (SID) and Standardackground information is provided to explain the
Terminal Arrival Route (STAR) procedures at seventopic further and to justify why the topic is important.
specific airports. They broadly categorized key issuedrevious research is cited where possible. An initial
as being related to air traffic operations, pilot plan was developed in FY11l and an update was
interpretation of procedures, and procedure desigrieleased in FY12. Annual updates are planned. The

challenges with aircraft automation and charting. research plan will help to ensure that funded research
projecs align with the FAA’s NextGen

implementation goals. The latest plan is available at
our public website.

An updated review of ASRS reports related to
RNAV and RNAV (RNP) was published in 2010
[13]. This report reviews 285 relevant voluntary
reports filed between January 2004 and April 2009 at ~ The scope of the research plan is broad. This is
17 airports. The bulk of these reports (202) pertainediecessary because charts are used by all types of
to SID procedures and 69 pertained to STARoOperators and because PBN must be accessible to all
procedures. Onlyl4 reports mentioned approactpperators as well. For example, the research plan
procedures. This may be because there wer@ncompasseRNAV and RNAV (RNP) operations as
relatively few operators who flew RNAV (RNP) well as hybrid procedures that combine RNAV and
approach procedures during the period studied. Somgonventional navigation requirements (e.g., an
of the issues identified in these reports concerned th&NAV (RNP) missed approach procedure for an
operation of the FMS and Air Traffic Control (ATC) otherwise conventional —approach procedure).

phraseology. Chart and procedure issues were alsBesearch must address all types of flight operations
found in the set, but in fewer reports. under Title 14 of the Code of Federal Regulations
. - : . (14 CFR): private operations including piston-engine

we |d_§nt|f:¢ecr11 mangl_ _sourlclt_as of mfo_rmanon tha;[] and jet operations (Part 91), air taxi and charter
were ou;&he 0 tbl‘? Lradltéona lterature in our Seﬁ“? ‘operations (Part 135), commercial scheduled service
Some of the published documents contain tec n'C"J{Part 121), single pilot, and military operations. Each

reference material about the design and use Ot yhese' operations presents their own set of
instrument procedures (e.g., FAA and ICAO challenges

documents); these are not focused on human factors

issues, but they do provide important background and The research must also consider the interactions
context. A technical report produced annually between flight deck design, implementation, flight
presents the prevalence of different procedures an@perations, and ATC. These interrelationships were
aircraft equipage trends [6]. A list of publicly identified in the analyses of ASRS reports [12][
available reports on these topics (with summaiiges) and they will be important to understand as RNAV
posted at the Volpe Center public website and RNAV (RNP) procedures are used more often.
(www.volpe.dot.gov/coi/hirsa/aht/ip/library. hijnl One of the core areas in the research plan is the
This library was developed to support other human,gapijity of charts, both electronic and paper. Work
factors research teams who are beginning work iN, the areas of chart content, chart format, and overall
this area. Additional background and current chart ysability will lay the foundation for further
information about RNAV and (RNP) can be gathered,ggearch. A long-term goal of the charting research is

at various open meetings sponsored by industry ang, gevelop human factors guidance for instrument
the government. procedure designers, which would be the most
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efficient point in the process to address thebring other human factors issues to the forefront,
complexity of chart depictions. such as prioritization of information on a shared
For electronic charts specifically, there are dlspl_ay' (e, one that supports additibna

additional research areas, such as de-cluttering o?ppllcatltzjn_s). Ashm(]zlr_ehch;rt sn?} prolcedural da]'fahare
moving map displays and integration of chart and!n;egrate_ In o the .'?I t deck, the pacemﬁnt of that
procedure information onto moving map displays.In ormation, ~potentially ~across more than one

We also need to understand the impacts Of_display,_will_ also_ need to be explored so that
transitioning continuously between different Chartsmformanon is easily accessible and integrated when

necessary.
and scales (e.g., from departure to en route y

operations)to provide appropriate information for Open issues regarding chart content for both

eachphase of flight. electronic and paper media include, for example, the

There are three technology drivers for this use of and need for the profile view of an approach

research on aeronautical charts. First, of course, i rocedure._ With the procedure_ pro_gramme_d Into the
MS, do pilots refer to the profile viefor their final

PBN, which brings challenges for human : .

, - ?
performance. In particular, PBN routes are moreiaépp;ﬂaﬁgcr;g:g':gs;r:gu?:?tugesvér'i‘ilcse;’ ?ﬁ%?;saiig:ere
precise laterally, and in many cases, there are more 9

vertical (altitude and speed) constraints as well Shown on arrival and departure procedures, would it

There can clso be many notes and supplementae, PNEfEl (o1 even easile) o present o pofe
information to review and process with PBN routes. . b ' P

Some of these notes are routine, but others are noglfo;mgnon,_ mcluqu{ Ve}{t'(f[al angollesh IS espt—:cw:lly
and it can be hard to determine at a glance which onfusing In - current -charts, an uman tactors
s research could provide guidance on how to make this
ones are the most critical. : . : :
information clearer to pilots. Procedure naming has
A second technology driver, independent of also been a complicated and increasingly relevant
PBN, is the shift from paper to electronic chart issue that might benefit from human factors research
media. Electronic charts come in a variety of forms.and data. Current procedure naming conventions do
Some are just scanned copies of paper charts that art adequately communicate the performance and
“pre-composed” (i.e., not interactive, other than in  functional requirements of PBN procedures. An
that they can be zoomed and panned). Howeverypdated international naming convention is under
some electronic charts are database driver] 14 discussion.
[17]. These charts are highly customizable and can be Other areas of research in the 5-vear plan are
created and modified in real-time. One advantage of y P

data-driven charts is that they can be customized t(gnhogﬁinlog? dtir;nrﬁichreaergigge\’Nrﬁgﬁ atr%p:gulZSttT]Zt
correspond to the planned route of flight in the FMS. 9 y ’

For example, elements that are unrelated to the routd &Y change based on weather or traffic conditions

of flight could be suppressed to reduce displayg)ptImal Profile Descents (OP4), for example, can

clutter. Database driven charts will support a numberbe thought of as a dynamic clearance. The exact

of significant changes, such as the integration Ofroutmg for the OPD could change day to day, but

different chart types (en route, arrival, and departure)Some elements of the procedure are likely to remain

into a single electronic product that changes the datgonslstent. \.NOUId it be useful to provide any
shown based on the location of the aircraft published guidance for these types of clearances, or

would the entire clearance be provided to crews
The third technological shift is that more chart every time it is issued?
information is beginning to be integrated onto

installed flight deck displays such as the moving map, ergtlir(;g;();?g arllrc])iﬁgrrag?;a f:frs?tiiref?ésezrgﬁvFor
display. Although the moving map display is not b '

designed toeplace a paper chart, it can show some example, controller phraseology has already been an

of the data relevant to the flight procedure. For2® <2 of concemn fouescend via and climb via
example, the map display may show the altitudeclearances. Also, charts are used not only by flight

; . . rew t al ir traffi ntrollers. ntroller
constraints at various points along an approachCe s, but also by air traffic controliers. Controllers

procedure that is entered into the FMS. This shift will 1€ charts for training and may allocate
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responsibilities to different staff based on how procedure information across chart pages yielded a
procedures are designed. Communication betweeperformance benefit or not. However, drawbacks of
flight crews and controllers about their equipage tothis modification were not explored.

fly PBN routes may also be an issue. Current
equipment suffixes do not convey the full range of
possible configurations.

These efforts are described in more detail below.

Finally, charting of and the use of en route Analyses ,

airways based on RNAV (Q routes for high-altitude ~ In the first stage of our research on chart
operations above 18,000 ft and T routes for low-usability, we examined current charts. This wak
altitude operations below 18,000 ft) may require documented in [18], which contains detailed
some human factors evaluations. These routes ar@formation about the constraints that chart
now depicted on aeronautical charts but to date nghanufacturers face. Perhaps surprisingly, there are no
data have been collected to determine whether therEAA regulations regarding the content and design of
is any confusion with conventional routes or whethercharts that apply across all chart producers (private

users are able to identify and use Q and T routegr_ld_government). However, standards have evolved
without difficulty. within and across chart producers through

i . i cooperation and convention.
These research projects require well-coordinated

teams whose members come from a variety of Wefirst looked at current challenges and options

organizations and have a range of skills andfor chart manufacturers. For _this e_malysis, we

perspectives. The teams could include members wh@ssumed that the procedure design is fixed. Next, we
are government employeeS, researchers’ and priva{@V|ewed Sevel‘al Chal’tS n Order to dISCO.VGI‘.What
industry subject matter experts. Expertise is requirechart or procedure features may be contributing to
in areas such auman factors, experiment design, Operational issues. Finally, we explored the process
and aviation. The aviation experience should includgfor designing and implementing new instrument

operational experience with both conventional andProcedures.

performance-based navigation, as well as a solid  one of the charting challenges for RNAV and

understanding of the underlying technologies. RNAV (RNP) procedures is that there is a lot of
variation between procedures at different locations.
Chart Usability Research Terrain, special use airspace, and other factors affect

} i N the overall shape of the path. Because RNAV and
Our goal is to improve the usabilty of pNAV (RNP) allow more path design flexibility,
aeronautical charts for PBN, both in paper andinere js inevitably more variation in how the route
electronic format. To date, we have considered thgyoks as well. One consequence of the flexibility
use of arrival, departure, and approach procedurgifered by RNP is that it may take more time and
charts by airline and corporate pilots. care to read and review those charts to understand the
We first studied existing charts to understand Procedure fully. Figures 2 and 3 illustrate this point.
how they were constructed from a human factors  Figyre 2 shows the plan view of a simple
point of view and to identify specific features that ¢onyentional ground-based approach procedure. The
could potentially make the chart more difficult to use jage was extracted from the FAA chart for the
[18]. We also wanted to understand how the FAA|nstrument Landing System (ILS) approach to Boise,
develops instrument procedures so that we couldyaho Runway 10R. Notice the straight in approach

recognize how and when it would be most effectivepath represented by the arrowhead towards the
to provice human factors guidance to instrument rynway. There are different ways to join the final

procedure designers. approach, as indicated by the thin lines from Emett,
Next, we designed and implemented a study toSalla, and Renol. This chart is familiar to instrument-

explore a new chart format option, in which a chartrated pilots and therefore easy to read; it looks like

that depicted multiple paths is simplified by splitting a@ny other standard ILS procedure chart.

the paths across multiple pages [19]. This study

explored the question of whether separating
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Figure 2 Plan View of an ILS Approach at Boise. - g DT
Figure 3 shows a similar view of a Figure 3 Plan View of an RNAV (RNP) Approach
corresponding RNAV (RNPAR approach, which at Boise.
requires special aircraft and aircrew authorization Chart manufacturers use different techniques to

This image was extracted from the FAA chart for thepoptimize the depiction of detailed instrument

RNAV (RNP) Z approach to Boise, Idaho procedures, whether or not they are based on RNAV
Runway 10R. Notice the multiple approach paths,and RNAV (RNP). Some of these techniques are the
some of which include curved (RBggnents. There yse of different fonts, color and shading, use of
are also more path segments, more named points, anfifferent scales, and different methods for
other information for each path. The scale of the planstandardizing the chart layout. For some of the most
view was adjusted to show a larger area, as seen hyfficult charts, manufacturers have departed from
comparing the shaded areas of terrain in Figure 3heir own standard practices for text, graphics, and
with those shown in Figure 2. Flying this procedure even paper size. Figure 4, for example, shows the
manually using only the chart as a source of pathFAA chart for an RNAV (RNP) approach into
information would be extremely difficult, if allowed. Scottsdale, Arizona. In order to show the full
In fact, typically, the aircraft must have at least theapproach path, ndb-scale insets are shown in the
following equipment to fly an AR approach: dual corners of the plan view.

Global Navigation Satellite System (GNSS) sensors,

dual FMS, dual air data systems, dual autopilots, and !N another example, Jeppesen uses two larger
a single Inertial Reference Unit (IRU) [10]. A than normal paper charts to show the Boise RNAV

moving map display is usually available as well. In (RNP) approach procedure for Runway 28L. Both

this case, crews rely upon flight deck automation toP@des are foldouts, roughly twice the size of a

fly the procedure correctlyThe crew’s job is to standard chart. One page shows thg full procedure

monitor the flight deck systems to ensure that it jsand has a box around an area that is shown on the

flying the correct route and to manage unforeseerr©CONd page ata more detailed scale.

circumstances, such as an engine out during the These types of deviations from normal

approach. conventions can create additional workload for pilots
who are confronted with unique layouts. Unfamiliar
formats could also increase the potential to misread
information or miss information entirely.
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of segments per path, and the number of curved

KOrTDALE A w345t pa 00 segments. For SID and STAR procedureg w
Ca RNAY [RNF) RWY 2] recorded a slightly different set of variables (e.g.,
(VoG amind VoY oo by et A M A G 0 ek number of paths, number and types of altitude

L et = S constraints, the types of altitudes depicted, distances

AT PHOEND At CON SOOTTIONE SOWER OND CON O 8L .

1188 1207 2000 1100 1147 0 1218 1248 along the different route segments, and overall
B weten distance for each path). For approaches, the main
P {9: o N2 20 differences between the Problematic and Baseline

o> " sets were that the Problematic set had (a) more flight
5:#3 T . paths (b) more path segments, and (c) more curved

S <) 2 R T (RF) segments. For STAR procedures, the
w; W g 1 e Problematic set had more path segments and more
MQ' i ar O altitude constraints For SID procedures, the

Problematic set had more flight paths. More
information about this analysis is in [18] and |20
contains presents the full analysis.

ZI0L "IN BE o8 2408 MNP B2 A
N
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w0
o.;fﬁ’ Finally, we examined the process for creating
w);)‘%%_y-?‘m instrument procedures. As mentioned earlier, process
= | an R | Yool g [V 1510 1510 and coordination issues related to instrument
.,'., AR IR > war procedures are also prevalent [11]. The process is
) o complex, both in terms of the technical requirements
e e W P . . . .

- m:// o and specifications, and in terms of the coordination

\ r " . . . .

e 300 @iz required inside and outside the government. A key
T A S NS XU TR N G point is that instrumentpproach procedures are
e P regulatory in nature and therefore have little

s A O7 001 NA ap ey . . .

AUTHORIZATION REQUIRED flexibility in their design and use. Obstacle Departure
WP REALE A SOvoNE (IDD) Procedures (ODPs) are similar to approaches in that
G FAmEIEAY RNAV (RNP) RWY 2] they are regulatory in nature because of the obstacle

clearance requirements. In contrast, STAR and SID
Figure 4. RNAV (RNP) Approach in to Scottsdale, proceqlures are not regulato_ry and can be modified by
Arizona. ATC in dayio-day operations as needed. These
o _ differences are important for understanding the
After reviewing charting challenges and gperational use of the various charts. Also,
mitigation strategies, we were interested to knowijnstrument approach procedures and ODPs are
whether any obijectively identifiable parameters of adeveloped by FAA AeroNav Products, whereas
procedure were correlated with difficulty of use. For arrival and departure procedures are developed by the
this analysis, we compared two sets of RNAV andajr Traffic Organization part of the FAA. Tke
RNAV (RNP) charts in terms of different objective organizations use different software platforms to
variables. One set of procedures was selected ffOfHeveIop the different types of procedures, so they are

those with operational issues noted in the ASRSyyly created in different ways and meet very
review [13] or were highlighted by subject matter gifferent needs.

experts as being unusually compjekis was labeled

the “Problematic” set. The second set of charts, )

labeled “Baseline,” consisted of RNAV and RNAV Chart Format Experiment

(RNP) procedures from the Operational Evolution This experiment was designed to measure
Partnership (OEP) airports (a set of 35 commercialwhether separating paths across pages can result in
airports in theUS with significant activity) that did benefits in terms of speed and accuracy of retrieving
not appear in the Problematic set. information. We hypothesized that it would be faster
IIP retrieve information from the modified charts that

For approach charts, we recorded variables suc Ishow fewer pathdWe recorded information retrieval

as the number of flight paths shown, the total numbe
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times for both current and modified charts (i.e., chartsElectronic Flight Bags (EFBs) from 2003 [2The
modified to show fewer paths). We aslksubjects to  electronic chart recommendations include topics such
perform the task as quickly and as accurately asas zooming and panning, scale information,
possible. orientation, updates and backups. Recommendations
regarding information priorities for data-driven charts

In order to increase the sensitivity of the are contained in [14].

experiment to finding performance benefits, only
highly visually cluttered RNAV RNP) approach and There are also proposed recommendations from
RNAV SID procedures were selected for the study.an industry committee under the PBN Aviation
RNAV STAR procedures were not tested becauseRulemaking Committee (PARC) Chart Saturation
they were less cluttered in general. Results of thisAction Team, which were submitted to the PARC
study are reported in [19]. They will also be leadership in March 2010. The action team was
documented in a more complete governmentformed in response to concerns about approach
technical report in preparation that will include procedures such as those at Boise, Idaho, which
images of the modified charts that were developedpresent a lot of information in a constrained space.

for the study. Some general recommendations from this working
There was a large and statistically significantgrOUp were that:

improvement for finding information from the e Additional human factors research is

modified charts in the study. For approach charts, required.

pilots saved just over 6 seconds on average with the
modified (simpler) charts. They saved 3 seconds on
average with the modified SID charts. However,
additional workis needed to establish whether the
benefits remain, and to what extent, with less visually
cluttered charts. For example, we expect that some ~ dovernment chart, though the manufacture
charts will be simple enough that there is no could still choose to use a larger chart.
performance benefit to creating multiple pages. That ~ More specific recommendations from the PARC
is, not all procedures will benefit from the Chart Saturation Action Team focused on design of
modifications. For practical implementation, criteria approach procedures, not on chart depictions. For
by which procedures would be selected for thisexample, one recommendation is that design of
modification must be identified and defined so thatSTAR procedures should be considered when a new
the technique is not overused. approach procedure is being developed. By
: : : . considering both the STAR and approach at the same
: This experiment d'd. not explore the practical time, there can be more informed decisions about
disadvantages of separating paths across pages. SON& . " 214 where to join the STAR to the approach

drawbacks include having to search for the Corl'eC[ﬁrocedure. Another recommendation concerns the
chart page within a set of_separated pages, havin se of multiple intermediate fix (IF) segments on
more paper to carry in the flight deck (or more Charts’approaches. Multiple IFs are the reason that the Boise
to phoose from in a qlatabase), a_md the_ need fo pproaches show multiple paths into the runway. The
revisions to chart naming conventions. Pilots may ction team recommends that approach procedures
also be less aware of the nearby paths that are n ith multiple IFs should be restricted to AR

depicted but may _be. available for use. Additional rocedures; in other words, handling the complexity
drawbacks and limitations of the study are presente f multiple IF approaches should require special

in [19]. training.

e Charting implications  should be
considered during procedure design.

e Procedures should be able to be depicted
uncluttered on a standard size US

Charting Recommendations Planned Work

One O.f” tkTe E\Iar;_ned products dOft.th'S rTes%ar::h Two tasks related to chart usability are planned
program will be charting recommendations. 10 dat€., e next year. First, we will begin work in the area
key recommendations for electronic charts are in f electronic charts by assessing existing

document on human factors considerations for(:ommercially available electronic charting software.
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Some of these applications run on mobile platformsRefer ences
(such as tablet computers) while others ron t[l] Instrument  Procedures Handbook, FAA.

installed avionics. Our goal is to understand wha Washington, DC, FAA-H-8261-1A, 2007, Available:
features this type of software typically supports andWWW fa3.00

what functions may need to be standardized o MWW-1aa.gov

evaluated further. [2] Instrument Flying Handbook, FAA, Washington,
Our second goal for the next year is to designDC, FAA-H-8083-15A, 2008, Available:
another data collection effort to address twowww.faa.gov

guestions in more detail. First, how should charts b
designed for compatibility with flight deck systems?e[3]a‘:¥iggg;k glgné%rlzeﬁsgﬁazgé?’ FAA,

Second, how are the various charting and procedur tto: /W faa.aov/nextaen/media/avs nextaen wor
design options affected by the type of pilot andk Ign 201'2 dfq g g
Kplan_201z.pC

operations (e.g., corporate versus air transport)?
[4] NextGen Implementation Plan 2012, FAA,

Washington, DC, 2012, Available:
www.faa.gov/nextgen/implementation/plan

The study is still in the design stage; it will de
complement to the chart format study described
above and in [19]. Our focus will again be on the
content of the chart, not the media. However, here wg5] Roadmap for Performance-based Navigation
would like to observe what information pilots Version 2. FAA, Washington, DC, 2006, Available:
actually use from the charts a more realistic task www.faa.gov

and setting. In particular, the goal of this study is to [6] Performance Based Navigation Capabilities

explore ~how pilots use information from G . “\iTRE CAASD, Mclean, VA, 2011,
conventional and RNAV aeronautical charts in theAvaiIabIe'

context of a modern flight deck. Anecdotal evidence , - o
suggests that pilots aregmore dependent on flight debr'gttp.//www.mnrecaasd.orq/PBNCapabHﬂvRedort
systems now than they were in the past. Also, by[7] NextGen Integration and Implementation Office
assessing what information is used from the arrivalResponse to Recommendations of the RTCA NextGen
and departure charts, we hope to develop insights oMid-Term Implementation Task Force, FAA,
how these charts can be better standardized, in th&/ashington, DC, 2010.

same way that assessment of information use OW8] US Terminal and En Route Area Navigati

: X gation
approach charts in the 1990s, such as32, led to ), o5 Advisory Circular 90-100A, FAA
improvements in the format of those charts. Washingt(;n DC. 2007. Availablemwvw.faa g’ov ’

[9] Approval Guidance for RNP Operations and

Summary Barometric Vertical Navigation in the U.S. National

In this paper we describe human factors researciirspace System. Advisory Circular 90-105, FAA,
needs related to the implementation of PBN Washington, DC, 2009, Availablemw.faa.gov.

instrument  procedures. ~ We identified  and 10] Approval Guidance for RNP Procedures with

documented these needs in a 5-year research plan f ]r)ecial Aircraft and Aircrew Authorization Required

FAA human factors program managers. We also R), Advisory Circular 90-101A, FAA, Washington,

described progress on addressing the usability o :
charts for PBN procedures such as RNAV and C, 2011, Availablewww.faa.gov

RNAV (RNP) arrivals, departures, and approaches[11] R. Barhydt, andC. Adams, “Human factors
This work will impact the design and evaluation of considerations for performanbased navigation.”
both paper and electronic aeronautical charts. OuNASA, Langley, VA, NASA/TM-2006-214531,
goal is to understand what information the pilot needs2006. Available: http://ntrs.nasa.gov/

so that qualified pilots can reliably use charts with [12] R. Barhydt and C. Adams‘Human factors
detailed PBN-related information. Well-managed andconsiderations for area navigation departure and

well-executed research in this area will support a, rival procedures.” Presented at 25th Congress of
successful transition to NextGen.
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[13] A. ButchibabuA. Midkiff, A. Kendra, R.J. [22] Ricks, W.R., Jonsson, J.E., & Barry, J.S.
Hansman, and D.C. Chandsalysis of Safety “Managing approach plate information study
Reports Involving Area Navigation and Required (MAPLIST): An information requirements analysis
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