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Background and/or lose control of their aircraft because of a

Aviaion has been witness to rapid advancement
in technologies that have dgnificantly improved
aviation safety. The development of attitude
indicators, flight management systems, radio
navigation aids, and instrument landing systems
(ILS) have extended aircraft operations into
weather conditions with reduced forward
vighility. However, as Brooks (1997) has noted,
“...while standard instrumentation has served us
well, enabling aviation as we see it today, literaly
thousands of dead souls, victims of aviation
catastrophe, offer mute and poignant testimony to
its imperfections. The smple, elegant dream of
soaring aoft visually, intuitively — birdlike —
remain eusve’ (p. 17). Using conventiona
displays, pilots must integrate information from
many separate sources to achieve situation
awareness. This integration process can lead to
errors, which in some cases can have deadly
consequences.

In commercia aviation, over 30% of dl fatd

accidents worldwide are categorized as
controlled-flight-into-terrain (CFIT). In genera
aviation, the largest accident category is

Continued Hight into Instrument Meteorologica
Conditions (IMC), where pilots with little
experience continue to fly into deteriorating
vighility conditions and either collide with terrain

lack of familiar external cues. Findly, the single
largest factor causing arport delays is limited
runway capacity and increased air traffic
separation required when weather conditions fall
below visua flight rule operations.  Today,
gynthetic vison technology may dlow this
visibility problem to be solved with a visibility
solution, making every flight the equivdent of a
clear, daylight operation.

Synthetic vison is a display system that
presents a view of the outside world to the flight
crew by melding computer-generated scenes from
on-board databases and guidance displays, with
information derived from on-board sensors that
augment the database imagery to provide object
detection and improved integrity of the display.
Synthetic Vision Systems (SVS) are characterized
by the ability to represent visua information and
cues that are intuitive and resemble visua
conditions with unlimited celling and vighility
(Figure 1). In terms of safety benefits, synthetic
vison may help to reduce many accident
precursors including:

» Lossof vertical and lateral spatial awareness

» Loss of terain and traffic awareness on
approach

» Unclear escape or go-around path even after
recognition of problem



» Lossof dtitude awareness

= Loss of dituation awareness relating to the
runway environment and incursons

= Unclear path guidance on the surface

Lately, there has been a significant amount of
human factors research published on the subject
of synthetic vison. Although research has
demonstrated the efficacy of synthetic vision to
reduce CFIT accidents, runway incursions, spatia
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disorientation, and enhance  operationd
capabilities, there remain issues to be investigated
by researchers. Therefore, the purpose of the
panel is to alow researchers from government,
industry, academia, and military to share their
perspectives on the human factors of synthetic
vison. Pane presentations will last 10 minutes
each with 20 minutes for audience participation.
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Figure 1. Examples of Synthetic Vision and Advanced Navigation Displays



NASA Synthetic Vision Per spective for
Commercial and General Aviation Aircraft

Lawrence J. Prinzel |11, Ph.D.

Meeting nationd aviation safety goas will require
mitigating or diminaing the etiologies of
accidents. A significant factor involved in many
commerciad and general aviaion accidents is
limited visibility. NASA initisted a new research
project to develop technologies to help overcome
safety problems associated with limited vighility.
The NASA Synthetic Vison System (SVS)
project is based on the premise that better pilot
Stuation awareness during low  vishility
conditions can be achieved by reducing the steps
required to build a mental modd from disparate
pieces of data through the presentation of how the
outsde world would look to the pilot if their
vishility were not redtricted. SVS display
concepts employ computer-generated  terrain
imagery, on-board databases, and precise position
and navigational accuracy to create a three
dimensional perspective presentation of the
outsde world, with necessary and sufficient
information and realism, to enable operations
equivalent to those of a bright, clear, sunny day
regardless of the outside weather condition.

Severad panelists argue that synthetic vision
may enhance situation awareness but have
sggnificant concerns and question whether
gynthetic vison is the right solution.  While
agreeing for the need for more research, the
government perspective is that synthetic vision is
much more than just the display of synthetic
terrain and that safeguards can be implemented to
ensure that such concerns do not plague synthetic
vison systems. The NASA Synthetic Vison
System is composed of severa technologies that
include synthetic vison head-down, head-up, and
navigation displays, pathway and guidance

symbology;  runway incurson  prevention
technology;  database  integrity  monitoring
equipment; enhanced vison sensors,  taxi

navigation and surface maps, and advanced
communication, navigation, and survellance.
Together, these technologies represent a
comprehensive solution to problems of restricted
vighility --- i.e, solving a visibility problem with
a vighility solution. The presentation will

describe several synthetic vison systems that are
being developed for commercid, busness, and
general aviation aircraft. An overview of research
will aso be provided that demonstrates the
potentia of SV'S to mitigate the precursors to low-
vighility accidents and dSgnificantly enhance
operational capabilities.

Industry Perspective for Businessand
Regional Aircraft

Tim Etherington

Perspective flight displays have been widely
researched for over 50 vyears. Widespread
availability of accurate database information and
new survey techniques coupled with advances in
mass storage and graphics processing have finally
enabled the application of this research to
practical avionics architectures. Processing power
is never unlimited and storage is still not free so
the question of minimum requirements for
gynthetic vison systems is explored. These
requirements are discussed for  minimum
resolution of terrain data, texturing of the terrain
frame and shading applied to the texture. Field of
view requirements, guidance  concepts,
relationship to required navigation performance,
precison navigation and database validation
issues are discussed. The industry perspective is
explored for the business and regiona aircraft
market with possible operationa benefits detailed.

Synthetic Vision Technology for Air Force
Applications

Guy A. French

Synthetic  vison technologies may include
databases of terrain, obstacles, threats, traffic, and
weather information that are rendered on one or
more displays to ad the pilot in cregting and
maintaining an accurate menta mode of the
arrcraft dtuation relative to the environment
outside the cockpit. While the current location for
displaying information to arcrew is primarily on
multifunction  displays, increesingly  both
commercial and military flying organizations are
turning to head-up or head-mounted dsplays due
to their “see through” nature. As these displays
become more common, information beyond that
required for basic flight will begin to find its way
onto the HUD and HMD leading to potential



conflict between the desire to provide more
information and the desire to see through to the
outside world. Various symbology and formeatting
strategies may be employed to reduce or resolve
this conflict.

Another potential issue is that the underlying
databases are likely to have widely varying update
cycles due to the nature of the specific
information each contains. Within the civil
airspace processes and procedures will be
developed that allow for regular maintenance of
database accuracy. In areas with a more austere
nature that might be of interest to USAF operators
on short notice (eg. open fidds with no
instrumentation) such database maintenance is
likely to be less frequent and/or complete. There
are severa drategies that may be employed to
ameliorate stale data in these remote locations,
including ground support teams, UAVs, and
enhanced vision systems.

Synthetic Vision Industry Per spective for
Large Trangport Aircraft

Michagl P. Snow, Ph.D.

Synthetic vison, the concept of displaying a
forward view to the pilot based on a database, has
been researched and developed for severd
decades. It usudly includes egocentric,
perspective view of commanded flight path with
terrain, obstacle, traffic, airspace and other data.
Research findings indicate that use of these
displays leads to greater pilot Situation awareness,
reduced workload, and reduced flight technical
error. Proposed benefits include increased safety
and new operational capabilities such as reducing
agpproach minima and aircraft separation. The
gpplication of this technology in large transports
is discussed, emphasizing pragmatic reasons for
including it in modern commercia flight decks —
or not. Obgtacles to application in this
environment include cost, cost-effectiveness and
maturity of competing technologies, required
infrastructure  and technology  development,
training impacts, regulatory concerns, and
remaning human factors issues. These are
detailled and areas in which human factors
professionals might make an impact are outlined.

Situation Awareness and Synthetic Vision
MicaR. Enddey, Ph.D. and William M. Jones

Synthetic Vison Systems (SVS) are built on
database-derived information that is used to ad
the pilot in visudizing the aircraft dStuation
relative to information outside the cockpit. It may
incorporate terrain, obstacles, cultural features,
weather, and/or traffic information. As an
additional and intuitive source of information, the
SV'S concept may aid pilot Situation awareness
(SA) in many ways. Due to the limitations of
display technology, however, it may aso lead ©
certain SA difficulties, particularly if it is used in
place of out-of-the-window viewing under no or
low visibility conditions.

The many potential improvements in pilot SA
that can be enabled through SV S include:

=  Overcoming CFIT-inducing problems,

= Augmented information for basc flight
control,

» Improved awareness of other traffic, and

= Aiding in flight operations tasks such as:

= Evauation of changes in runway and
approach

= Evauation of new
vector/clearance

= Evauation of aircraft spacing

= Evauation of timing and fud usage
on path

» Awareness of
conditions on route.

ATC

poor  weather

Along with these benefits, however, there are
hidden traps that may undermine SA unless the
SVS systems are carefully designed and tested.
These pitfdlsinclude:

= Difficulty in correctly perceiving the vertical
flight profile in a 3D display,

» The compdling influence of graphica 3D
displays may overcome digitaly presented
insrument data, leaving the pilot open to
spatia disorientation,

= The potentid to believe no traffic (or other
obstacles) are present if not displayed (type Il
errors), when in fact this “fase world” could
result from a database or sensor limitation.



Although the veridica nature of the SVS
display is its strong point— integrated information
presented in a very natura manner — thisadso is
its Achilles hed. It is a far more compelling
display than any previoudy and more likdy to
suck pilots into any fase or ambiguous
information it presents. While it can be easly
argued that the information provided by the SVS
is better than the very limited information
avaldble today under low vishility conditions,
the desire to increase aircraft throughput (and
reduce safety margins) under these conditions by
use of the SVS (creating significant efficiency
gains), demands that any potential SA problems
be detected in the evaluation process and
corrected for prior to its implementation in flight
operations.

Compélingness and Synthetic Vision
Systems

Christopher D. Wickens, Ph.D.

Enddey and Jones (this symposium) have made a
“compelling” case for the advantage of SVS
displays to support teran and flight path
awareness, but have dso dluded to the “hidden
traps’ associated with the very compellingness of
the display itsdf, in terms of overtrust of the
information offered there, and over-alocation of
atention to that display.  This paper will
undertake a careful examination of the
components that induce compellingness in an SVS
digplay: its photo-reaism, its 3D egocentric frame
of reference, and the pathway guidance, which it
often hosts. We will consder the implications of
excessve attentiona tunneling on the display for
the detection of off-norma events, and will
summarize the existing data on SVS, and similar
systems, regarding the alocation of attention, and
the detection of unexpected events.

Human Factors Analysis Evaluation of
SVS Commercial and Business Systems

Kevin M. Corker, Ph.D. & Eromi Guneratne

We have anadyzed one of the Aviation Safety
Program’s interventions for safety, the Synthetic
Vison System for commercid and business jet
(SVSCAB) applications from a human
performance/lhuman factors perspective. In
performing that analysis, we identified categories

of human factors issues associated with the use of
the technology as fdlows:

Visua presentation of information (eg.,
compellingness, visud momentum and cross-
reference to other instrumentation)

Integration of several types of information
into the SVS Display and integration for the
SVS with ether out-the-window or other
flight directive and navigationa data available
in the cockpit (flight directive, predictive,
terrain, traffic.),

Procedures for use of the technology (crew
resource management)

Off-nominal or margina operations.

An anaysis of these issues as applied to the
SVS design was undertaken to determine the
current state of the art associated with human
system interaction in smilar or analog systems.
This examination yielded a document of “issues’
associated with the presentation of flight guidance
and terrain avoidance and awareness in low or
margina vishility conditions. The date of the art
was then compared with the state of research and
development of the SVS CAB to produce a matrix
of features of the visual-aiding system mapped to
the current state of knowledge about the human
perceptual, cognitive and procedura performance
with such systems.  This matrix provided rough
estimates of the state-of-knowledge and the
functional features of the system on a three level
scale: indicating first that the state of knowledge
was adequate and those principles well integrated
into the design, or indicating some gaps in the
state of knowledge and correspondingly possible
gaps in the system design, and finaly indicating
either a lack of knowledge or a lack of currently
observable consideration in the design. The
results of these analyses will be provided in this
panel discussion.
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