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Abstract

A concept of operations (CONOPS) for the Commercid and Business (CaB) aircraft
gynthetic vison sysems (SVS) is described. The CaB SVS is expected to provide
incressed  safety and  operational  benefits in norma and low vishility conditions.
Providing operational benefits will promote SVS implementation in the flegt, improve
avigtion safety, and assg in meding the nationd aviation safety god. SVS will enhance
safety and endble consgtent gate-to-gate arcraft operations in norma and low visibility
conditions. The god for developing SVS is to support operationd minima as low as
Category Illb in a variety of environments. For departure and ground operations, the
SVS god is to endble operations with a runway visud range of 300 feet. The system is
an integrated display concept that provides a virtual visual environment. The SVS virtud
visud environment is composed of three components an enhanced intutive view of the
flight environment, hazard and obstacle detection and display, and precison navigation
guidance. The virtud visud environment will support enhanced operations procedures
during dl phases of flignt — ground operations, departure, en route, and arivad. The
goplications sdlected for emphasis in this document include low vishility departures and
arivds induding padld runway opedions, and low vighility arport surface
operations. These particular applications were sdlected because of dgnificant potentiad
benefits afforded by SVS.



Executive Summary

This document describes an initid concept of operations (CONOPS) for commercid and
business arcraft (CaB) synthetic vison systems (SVS). It is a “living document” which
will be modified as the CaB SVS CONOPS is refined. It is intended to provide a
continued operationd focus for CaB SVS research, development, and implementation
and to describe how air carriers will use SVS technologies.  While the focus of this effort
is in the civil and corporate ar transport arenas, much of the CONOPS is directly
goplicableto air cargo and air-taxi operators aswell.

The largest cause of commercid aviation fadities is poor dtuation awareness (SA) in
low-vighility conditions With the projected growth of the worldwide arcraft fleet, fatd
avidion accidents are projected to increase proportionately unless the industry is made
safer.  SVS is expected to provide subgtantid safety benefits in both norma and low
vighility conditions, which should dramaticdly assst in meeting the Presdent’'s 1997
nationa aviation safety god of reducing the fata aircraft accident rate 80% in 10 years.

In addition, SVS will provide operaiond benefits to ar cariers that will lead to
ggnificant economic incentives.  Interest in potentid SVS operational benefits is seadily
increasing with severa commercia display products currently available.

The CaB SV S mission is to enhance safety and enable cons stent gate-to-
gate aircraft operations in norma and low visbility conditions.

Background

There are many sakeholders in the development of a CaB SVS CONOPS including:
NASA, DaoD, FAA, NATCA, NIMA, NGS, CaB pilots and airlines, aircraft and avionics
menufacturers, airports, and academic inditutions. The unique perspective of each group
or organization is required for the devedlopment of a successful SVS CONOPS and an
attempt was made to include their comments where possible in this document.

The current maurity levd of enabling technologies and SVS research is the result of
numerous research and deveopment advances. These advances fdl into the generd
caegories of computing, flight deck display technology, precison navigation, mapping,
and geodesy. Each of these advances has contributed to enhancing flight crew SA in low
vighility conditions. CaB SVS research and development is aming to further incresse
SA and pilot performance by integrating these technologies and flight procedures.

The fallowing figure illudrates the present maturity of SVS research. Shown is a date-
of-the-at display with symbology providing precison navigation information integrated
with a photo-redigtic terrain and object database. Using this SVS display, test pilots flew
manual approaches to touchdown in November 1999.




NASA Langley SVS Depiction of Approach to Asheville, NC

CaB SVS Objective— Creating a Virtual Visual Environment

The ability to conduct safe and efficient CaB flight operaions in today’s environment is
dependent upon a number of factors. Among these, adequate vishility is the most criticdl
component.  As weather and vishility deteriorate, it is increasingly difficult to conduct
flight operations in the same manner and a the same rate as in VMC. SVS technology
development is amed squardly at solving this issue.  In addition, SVS technology could
provide information well beyond what the pilot is able to see even on a clear day. The
operationa concept behind SVS seeks to increase the safety and efficiency of both VMC
and IMC operations by producing a virtual visual environment. This dl but diminates
reduced actud vishility as a sgnificant factor in flight operations, and enhances what the
pilot can seein the best of vishility conditions.

Specificdly, the SVS design needs to support minimums as low as Category Illb in a
vaiety of operationa environments. Such a sysem will dlow greater flexibility to taxi,
depart, and arive in Category Illb or better conditions while usng Type | or nortILS
equipped airports and runways. This is a ggnificant challenge snce the sysem must
have peformance rdiability, safety, and integrity that functiondly equate to today's
CAT Illb sygems. The virtud visud environment is described in tems of its
components and the operationa flight phases it supports.



SVS Components

The SVS virtud visud environment is composed of three components an enhanced
intuitive view of the flight environment, hazard and obgtacle detection and display, and
precison navigation guidance.

Enhanced Intuitive View: SVS will provide a picture of the environment in which the
arcraft is operating. It is intuitive because it will replicate what the pilot would see out
of the window in day VMC. This intuitive view is largdy derived from terrain database
background images with multi-system information superimposed upon, or integrated into
them. SVS will incorporate the primary flight information curently available in modern
CaB arcraft. That information is comprised of tactica information typicdly found on a
primary flight display as wedl as draegic information currently found on navigation
displays. It will include arcraft dtate data such as dtitude, indicated arspeed, ground
speed, true arspeed, vertical speed, velocity vector, and location with respect to
navigation fixes This component will dso incorporate enhancements to the view, which
highlight important features rdevant to safe and efficent operation of the flight in any
vighility.

Hazard/Obstacle Detection & Display: Hazard and obstacle avoidance is a prerequisite
for safe operations in al flight phases. SVS would serve to display terrain and obstacles
that present hazards to the arcraft as wel as provide warning and avoidance derting.
Some suggested display concepts depict terrain (land, vegetation), ground obstacles
(arcraft, towers, vehicles, condruction, wildlife) and ar obdacles (traffic, wildlife),
amospheric  phenomena  (weether, turbulence, wind shear, icing, wake vortices),
restricted airspace, and politicaly (noise) senditive aress.

Precision Navigation Guidance: Usng potentid SVS virtud renditions of taxi maps,
tunnd/pathway guidance and navigation cues, pilots can accurady view own-ship
location, and repidly corrdlate podtion to terrain and other prominent features. This
component enables the pilot to access and monitor path-following accuracy and is an
important component in achieving low RNP/RNAV gpproach minimums, supporting
curved approaches, and following noise abatement procedures.

SVSuse by Flight Phase

SVS will support operations during dl phases of flignt — ground operations, departure,
en route, and arrival.

Ground Operations Between Gate and Runway: In order to redize higher flight
operdion rates potentidly afforded by SVS technology, arcraft must firs be adle to
maneuwver safely and expeditioudy between the runway and gate areas. SVS will enable
the safety and efficiency associated with clear daylight operation to be redized a night
and in low-vighility conditions. This incdudes the diminaion of runway incursons a
night and in conditions of reduced vighility aswel asin VMC.
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Departure Operations: SVS will enhance safety by providing the pilot with an extended
visud recognition range and derting independent of visud obscuraions. The cgpability
to mantan directiond control and regect tekeoffs is enabled through information
presented with the SVS display. SVS provides a pictorid view of an arcraft's
environment including the runway edges and centerline, terrain, and obstacles.
Additiondly, ground and airborne traffic are visble.

En_Route Operations: SVS will support arcrews in ther monitoring of flight
performance and avoidance of hazards en route, as well as support their trangtion into the
descent/epproach phase.  This is especidly true for low-level en route operations.
Various display options could dso be used to safely rehearse an agpproach during the en
route phase of flight.

Arrival and Approach Operations. Approach operaions have requirements that impose
redrictions on the arivd to an arport. SVS will enable more flexible approaches to be
flown, eg., RNAV/RNP procedures. SV'S provides the opportunity for in-trall and laterd
spacing to be trandferred from ATC to the aircrew regardliess of vighility. Any terrain or
obstacles that would mpinge upon the intended approach, as well as runway traffic and
other obstacles would be visible.

Benefits and Recommendations

Current technology alows arcrews to perform all-visbility en route operations as well as
low vighility approaches and landings to appropriately equipped runways. SVS will
further increese arcrew SA and peformance by integrating exising and new
technologies and flight procedures into a virtual visual environment which expands safety
and opediond benefits in CaB ground operations, depature, en route, and
ariva/approach. The key safety benefits for gpplying SVS are preventing CHT and Ris
and the key areas of operationad benefit are supporting low-vighility ground operations,
departures, and approaches. SVS and the virtud visua environment are well suited to
provide both safety and operationd benefitsin these phases of flight.

Therefore, the CaB industry should pursue deveopment of SVS technology to help
overcome these operationd limitations in both norma and terrain challenged arports and
in vighility ranging from VMC down to IFR CAT Illb. Government agencies should
provide R&D assgance and the required communications, navigation, and survellance
(CNS) and database infrastructure for SVS to work to its potentid. SV'S could dso have
profound regulatory implications. In fact, the difference between seeing another aircraft
in VMC and “seeing” that same arcraft with SVS not only presents chalenges to
certification, but might leed to an entirdy new “dectronic flight rules’ or EFR world. As
a reault, in-depth discussions between researchers, the FAA, and any other agencies
involved in cetification should begin immediatdy. This gpproach will ensure that SVS
will enhance safety and enable consistent gate-to-gate aircraft operations.
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1 Introduction

Following severd hightvighility commercid arcaft accidentss a White House
Commisson was edtablished to study matters involving aviation safety and security.  In
regponse to this Commisson's recommendations, the Presdent st a nationa god in
February 1997 to reduce the aviation fatad accident rate by 80% within ten years. To help
meet this god the Nationd Aeronautics and Space Adminigration (NASA) formed the
Aviation Safety Program (AvSP).

With the expected growth of the worldwide aircraft fleet, the number of aviation
accidents is projected to increase unless air travel is made safer and the accident rate is
reduced.” The largest cause of commercid aviaion fatdlities is poor Situation awareness
(SA) in low visibility conditions (night or poor weather). Low vishility forces pilots to
become the integrators of disparate forms of data and information in order to fly their
arrcraft.  Accidents and incidents caused by low vishility include controlled flight into
terrain (CHFIT), ruway incurson (RI), approach and landing erors, and those due to
flight path navigation errors.  In addition, poor vishility aso hampers overdl operationd
effectiveness and creates codtly air transportation system delays.

The Synthetic Vison Sysems (SVS) Project is a 5-year effort to develop technologies,
goplications, and Procedures that improve both the safety and effectiveness of civil
arcraft operations.’ Specificdly, the god of this work is to diminate low vishility as a
causd factor in civil arcraft accidents, and to replicate the benefits of flight operations in
day visua meteorological conditions (VMC), regardless of the actud vighility.

The current cimate of the commercid ar trangportation industry has dso driven a
demand for more flexible operations in low vighility conditions. Air traffic controllers,
arlines, and pilots are continualy voicing the need for improved operationd flexibility
and dtuation awareness through better information integration, intuitive displays and
decison aids. The generd desire has been to reduce air travel delays and the associated
cods caused by operaing in the inflexible, rule-based environment currently required in
low vighility conditions. As dtractive as safety enhancements might be, the economic
nature of the arline industry requires safety benefits to be coupled with increased
operationd capabilities.  This will hdp ensure industry participation in the development,
certification, and implementation phases of the project.

This document describes an initid concept of operations (CONOPS) for commercid and
business arcraft (CaB) SVS. It is a “living document,” which will be modified as the
CaB SVS CONORPS is refined. It is intended to provide a continued focus for CaB SVS
research, development, and implementation and to describe how ar cariers might use
these technologies A follow-on requirements document will provide further details on
SVS applications.  In addition, a separate NASA effort is in progress to address
certification issues.

" Aviation Safety Investment Strategy Team study of NTSB statistics, 1997.
TAVSP Prelimi nary Program Assessment, Jan 2000 and the 3 Pillar Goal Study, Nov 1999 which provided
modeling and simulation estimations of safety benefits.
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SVS will support sdfe arcraft operations gate-to-gate (taxi, departure, en route,
arrivd/missed gpproach, landing, taxi, parking). Within the operaiond flight phases,
severa sub-concepts or gpplications are introduced in this document and set the stage for
further SVS concept exploration.  Although the technology associated with SVS is
aoplicable in dl weather conditions, operations in Category llic conditions (zero ceiling
and runway vighility) are not being addressed a this time.  Fortunady, the weather
minimums that would require CAT llic use are rardly encountered. Consequently, the
focus of this CONOPS is to support SVS development of a virtual visual environment to
dlow VMC-like operations in norma and low vishility (Caegory Illb or better vishility
conditions— see Appendix A for vishility category definitions).

The CaB SV S mission is to enhance safety and enable consistent gate-to-
gate aircraft operations in normal and low vishbility conditions.
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1.1 Acronymsand Abbreviations

3D

4D
ADS-B
AH
AILS
ALPA
AMASS
ASDE
ATA
ATC
ATL
ATM
AVOSS
AvVSP
AWIN
BLH
CaB
CAT I
CAT Il
CAT Il
CDTI
CHT
CFR
CNS
CONOPS
CONUS
COTS
CPDLC
CRM
CRT
DCA
DEVS
DFW
DGPS
DH
DoD
DP
DROM
DTW
EADI
EFIS
EGPWS
EUROCAE
EVS

three-dimensond

four-dimensiond (3D plustime)

Automatic Dependent Surveillance - Broadcast
dert hagnt

Airborne Information for Laterd Spacing
Air Line Pilots Association

Airport Movement Area Safety System
Airport Surface Detection Equipment

Air Transport Association of America

ar traffic control

The William B. Hartdidd Atlanta Internationd Airport
ar traffic management

Aircraft Vortex Spacing System

Aviation Safety Program

Aviation Wesether Information
andydstechnology: basdine + HUD
commercid and busness-jet

Category |

Category |1

Category |11

Cockpit Display of Traffic Information
controlled flight into terrain

crash, fire, and rescue

communication, navigation, and surveillance
concept of operations

Continental United States

commercid off-the-shdlf

Controller-Rlot Dataink Communications
Crew resource management

cathode ray tube

Rondd Reagan Washington Nationd Airport
Driver's Enhanced Vison System
Ddlas-Fort Worth Internationd Airport
Differentid Globa Postioning Sysem
decison height

Department of Defense

departure procedure

Dynamic Runway Occupancy Measurement
Detroit Metropolitan Wayne County Airport
electronic atitude director indicator
eectronic flight ingrument sysem

enhanced ground proximity warning sysem
European Organization for Civil Aviaion Equipment
enhanced vison system
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EWR
FAA
FAR
FLIP
FLIR
FMS

FY

GA
GMT!
GPS
HDD
HMD
HSALT
HSCT
HUD
ICAO
IFR
ILS
IMC
INS
IRS
JFK
LAAS
LAHSO
LaRC
LAX
LCD
LM
LNAV
LVLASO
MIT
MMWR
MSP
NAS
NASA
ND
NGS
NIMA
NOTAM
ORD
PF
PFD
PNF
RADAR
R

Newark Internationa Airport

Federa Aviation Administration

Federd Avidion Regulation(s)

Hight Information Publication
forward-looking infrared

flight management sysem

feet

fiscd year

generd aviation

ground moving target indicator

Globa Postioning System

head-down display

head-mounted display

Hold Short Advisory Landing Technology
High Speed Civil Trangport

head- up display

Internationa Civil Aeronautics Organization
ingrument flight rules

insrument landing system

ingrument meteorologica conditions
inetia navigation system

inertiad reference system

John F. Kennedy Internationa Airport
Locd Area Augmentation System

Land and Hold Short Operations
Langley Research Center

Los Angeles Internationa Airport

liquid crystd display

Logistics Management Indtitute

latera navigation

Low Vighility Landing and Surface Operaions
miles-in-trall

millimeter wave radar

Minnegpalis-St. Paul Internationd (Wold-Chamberlain) Airport
National Airgpace System

Nationa Aeronautics and Space Administration
navigation display

National Geodetic Survey

Nationa Imagery and Mapping Agency
Notice to Airmen

Chicago O'Hare International Airport
pilat flying

primary flight display

pilot not flying

radio detection and ranging

runway incurson
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Runway Incursgon Prevention System
Runway Incurson Reduction Program
areanavigation

required navigation performance

runway occupancy time

Rall-Out and Turn-Off

reduced separation

RTCA, Inc.

rejected takeoff

runway visud range

Stuation avareness

synthetic aperture radar
Sesttle- Tacoma Internationa Airport

San Francisco Internationa Airport

Standard Instrument Departure (note: Current phraseology is DP, departure
procedure)

Surface Movement Guidance and Control System
Shuttle Radar Topography Misson

anayds technologies: Synthetic Vison
Synthetic Vison Sysem

Terrain Awareness and Warning System
Traffic Alert and Callison Avoidance Sysem
Traffic Information Systems - Broadcast

Top of Climb

Top of Descent

Taxiway Navigation and Stuational Awareness
Trangport Systems Research Vehicle
unmanned aerid vehide

United States Geodetic Survey

critica engine failure recognition speed
takeoff safety speed

rotation speed

visua approach dope indicator
viaud flight rules

visud meteorologica conditions
vertical navigation

vertical Stuation awareness display
Wide Area Augmentation System
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1.2 SVSDevedopment Background

Severd research and development initiatives have provided enabling technologies and led
to the current state of SVS research. These efforts have developed various components
that enhance flight crew gtuation awareness in low vishility conditions ~ Commercid
interest in the operational benefits derived from enhancing pilot SA and performance in
low vighility is deadily incressng with saverd commercid display products avalable.
Severd key initidivesin recent years include:

Millimeter Wave Radar (MMWR) and Forward-Looking Infrared (FLIR) flight
research

Head-Up Display (HUD) development

Head-Mounted Display (HMD) devel opment

Tunnd/Highway-in-the-sky devel opment

Development of Terrain Following Radar, Synthetic Aperture Radar (SAR), and
Ground Moving Target Indicator (GMTI)

Mapping, Charting & Geodesy (MC&G) Improvements — especidly Globa
Positioning System (GPS) technology development and precision geo-location

Dadinks  Controller-Pilot Dadink Communications (CPDLC), Automatic
Dependent Survelllance — Broadcast (ADS-B)

Cockpit Display of Traffic Information (CDTI)

Deveopment of an externd-vison sysem for the High Speed Civil Transport
(HSCT) which was designed to have no forward windows

Increasingly Accurate Worldwide Terrain Database — Shuttle Radar Topography
Mission (SRTM)

Depiction of Severe Wesather from off- and on-board sensors
Computing Technology (especidly processing speed and memory) growth
Display Technology (especidly liquid crystd displays) growth

Commercid Off-The-Shelf (COTS) graphics processors (boards and  chips)
improvement (largely driven by video gaming/entertainment industry)

Solid state GPS/INS (Inertid Navigation System) development

Published sandards for avionics computing resources (RTCA DO-255, July
2000)

Wake vortex prediction studies

FHgure 1.1 illudtrates the present maturity of SVS display research. Shown is a date-of-
the-at digolay with symbology providing precison navigation information integrated
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with a photo-redigtic terrain and object database. Using this SVS digplay, test pilots for a
NASA gudy flew manud approaches to touchdown in November 1999.

Figure 1.1 NASA Langley SVS Depiction of Approach to
Asheville, NC

1.3 CaB SVS Deveopment

While there exigs a dgnificant technologicd cgpability to support low vishility
operations today, CaB SVS research and development is aming to further increase SA
and pilot performance by integrating these technologies and flight procedures. The SVS
concepts and displays as currently conceived will adlow for presentation of the necessary
information with gppropriate redism to be equivadent to day VMC, regardless of the
outsde vishility. The CaB SVS devdopment effort is intended to diminate vishility-
induced errors to maximize safety and operational benefits.

In this way, SVS will atempt to redize and demondrae the potentid safety and
operational benefits for CaB by improving SA with respect to terrain, traffic, weather
hazards, and tacticad flight path management. CHT accident reduction efforts will target
the operationa environment for dl phases of flight, including approach, landing, and
missed agpproaches.  Runway incurson reduction efforts will target surface survelllance,
GPS-based navigation, and CDTI.

Introduction
7



SVS will dso have to be developed for a mixed flegt of CaB aircraft. Approximately one-
third of today’s ar carier fleet is equipped with dectronic displays of various
sophigtication and capabilities.  For these arcraft, SVS information could be effectively
imparted to the crew head-down on exiding form factor A-, B-, or D-sze displaysin a
retrofit gpplication. The remaning two-thirds of the curent ar carier flegt, equipped
with dectromechanicd insruments only, have no inherent means of displaying synthetic
vison scenes. However, the inddlation of HUDs among ar cariers is ganing
momentum and tactical SVS information could be displayed on the space provided by
raster-dyle HUDs.  Future arcraft, with potentidly larger, more sophisticated displays,
could incorporate SV S technology during the design stage.

The SVS development process illustrated in Figure 1.2 includes the CaB SVS CONOPS
in support of CaB aircraft operations. Following the development of the CaB SVS
CONORPS, requirements will be derived to provide a focus for syssem development. The
CaB SVS deveopment will be led by NASA Langley Research Center (LaRC) in
partnership with the FAA and private industry. Candidate prototypes will be evauated
through testing and experimentation. The concepts are iteraively refined, implemented,
and evduated until a aufficent maurity levd is redized for FAA ceatification and
industry implementation of a commercid product. While the CONOPS is depicted in
Figure 1.2 as the fird dage, improvements to the concept will be incorporated through
the other development cycle stages.

Develop CaB
SVS CONOPS

Operational
Requirements

System
Requirements

/

Prototyping, —

Testing,
Experimentation

System
Development

Implement CaB SVS

SVS Development Roles:

| | NASA/Industry (FAA Supports) _ Industry/FAA (NASA Supports)

Figure 1.2 CaB SVS Development Process
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1.4 CaB SVS Project Objectives

The generd objective of the CaB SVS Element is to develop technology, candidate
components, and procedures that replicate and augment the safety and operationa
benfits of flight operationsin dear-day VMC. This concept includes cockpit display of
real-time information integrated with stored data to support operationd flight procedures.
SV Swill aso provide the operationd flexibility to taxi, depart, and arrive even at non
ILS equipped runwaysin CAT Illb vishility conditions. For departure and ground
operations, an SV S god isto enable operations with a Runway Visud Range (RVR) as
low as 300 feet. (See Appendix A for vighility category definitions) Head-up
departuresin 300 ft RVR are dlowed today by coupling to a CAT I1/111 localizer for
centerline guidance. Many aircraft are configured to do this. The desireto use SVS
head- down provides aretrofit option for arcraft not equipped with HUDs.

The following objectives advance the development of SVS technologies, provide
supporting empiricd  evidence for diminating the targeted accident categories, and

expedite the implementation readiness level for SV'S technology:

Devdop and demondrate affordable, certifiable, display configurations (including
retrofit) to provide intuitive terain and obdacle informetion suitable to augment

the outsde view for commercid air carriers and business aircraft.

Devdop and demondrate synthetic vison disolay concepts, which provide

enhanced terrain awareness for proactive avoidance of CHT precursors.

Deveop and demondrate enabling technology to provide intuitive guidance cues
to alow precison gpproaches and landings using terrain, obstacle, and arport

databases and GPS-derived navigation.

Devdop and demondrate enabling technology to enhance airport surface

awareness, including disgplays of surface routing information, other

information, and RI aderts obtaned from surface survellance sysems and

automated incurson-derting sysems.

Demondrate through high fiddity smulation how proposed display concepts

could reduce therates of CFIT, RI, and other visibility-induced accidents.

Identify the operationd benefits of synthetic vison sysems that will mativate the
commercid aviation indudsry to invest in SVS deveopment, acquistion, and

implementation while improving aviation ssfety.

Support the integration of ar traffic information, hazardous wegther information,

and on-board s&lf-separation capabilitiesin SVS,

Support the implementation of developed technologies through systems
engineering, integration, and certification planning and demongrate conformance
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of technologies with the evolving Communication, Navigetion, and Survellance
(CNS) environment and Nationa Airspace System (NAS).

Support the development of SVS display, database, and derting standards by
providing user and system requirements.  These requirements will dlow for
incrementa system growth by SV S developers.

" Displays should be consistent with existing standards, SAE “Flight Deck Alerting System (FAS),” SAE
ARP-4102/4, July 1998.
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2 SVSOperational Concept — Creating a Virtual Visual Environment

The ability to conduct CaB flight operations in today’s environment is dependent upon a
number of factors Among these, reduced vishility is a ggnificant @ncern. As weather
and vidhility deteriorate, it is increesngly difficult to conduct flight operations in the
same manneg and a the same rae as in VMC. While today's technology provides
solutions to many of these problems caused by low vishility, the potentid exists to dso
provide information well beyond what the pilot is able to see even on a clear day. The
operationa concept behind SVS is to create this virtual visual environment that dl but
eiminates reduced actud vishility as a dgnificat factor in flight operaions and
enhances what the pilot can see even in the best of vishility conditions The virtud
visud environment is described in terms of its components (section 2.1), and the
operationd flight phasesit supports (section 2.2).

2.1 SVSComponents

The SVS virtud visud environment is composed of three components an enhanced
intuitive view of the flight environment, hazard and obgtacle detection and display, and
precison navigation guidance.

Enhanced Intuitive View: SVS will provide a picture of the environment in which the
arcraft is operating. It is intuitive because it will replicate what the pilot would see out
the window in day VMC. This intuitive view is deived from terrain database
background images with multi-sysem information superimposed or integrated into them.
This information is comprised of tacticd information typicaly found on a primary flight
digolay as wel as drategic information currently found on navigation displays. It will
include aircraft state data such as dtitude, indicated airgpeed, ground speed, true airspeed,
verticd speed, velocity vector, and location with respect to navigation fixes. Additiona
information like tunnd/pathway guidance would dso be provided. This component will
adso incorporate enhancements to the view that emphasize important features relevant to
safe and efficient operation of the flight in any vishility.

Since cluttered digplays are undesirable, pilots will be given the ability to choose certain
features s0 the system reflects immediate priorities.  Digplay flexibility will be baanced
with smplicity. For example, a default or “home’ dislay sdection that would be
immediaidly available could be a desirable feature.

The required redundancy and level of rdiability of SVS is a function of the criticaity of
the operations being peformed. Reversonary modes that provide graceful degradation
dong with various levds of redundancy and backup will be included. Subsystem
redundancies and crosschecking will be required to ensure the integrity of flight criticd
information.  In addition, fal passve and fal operationd cgpabilities will be an integra
pat of the system. It is imperaive that no sngle falure be alowed to cause a flight
safety hazard. The enhanced intuitive view must aso be desgned to minimize nuisance
derts, effects of spurious data, and other anomalies.

SVS Operational Concept
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Independent  integrity monitors for both survellance and navigationd functions would
likey be required to meet certification and safety requirements. SVS will rely on sensors
like modified weether radar and/or high quality radio dtimeters to provide red-time
monitoring for the databases. Such monitoring could indude ar-to-ar traffic
survelllance, runway incursgon monitoring, and navigation database confirmation.

While it might be tempting to describe SVS smply as an integration of information and
interfaces currently availadble in modern glass flight decks, in redity, it will greatly
extend these conventiond displays to be far more intuitive. In addition, it will indude
grgphicd illudrations of the flight environment as wdl as information from non-critica
and flight criticd systems.

Hazard/Obstacle Detection & Display: Hazard and obstacle avoidance are prerequisites
for safe operations in dl flight phases. SVS would serve to display and appropriately
highlight terrain and obstacles that present hazards to the arcraft during dl phases of
operation. Some suggested areas for display are terran (land, vegetation), ground
obstacles (arcraft, towers, vehicles, condruction, wildlife), arborne obstacles (traffic,
wildlife), amospheric phenomena (weather, turbulence, wind shear, icing, wake
vortices), restricted airspace, and politicaly (noise) sensitive aress.

Usng onboard enhanced vison sysem (EVS) daa there ae many possible
implementations. Enhanced vision refers to data and images acquired from sensors such
as video cameras, convertional radar, enhanced westher radar, SAR, MMWR, or FLIR.
Sensor images can be overlaid, processed, integrated, or fused to augment on-board
displays and assess database integrity. Since not dl sensor images are intuitive, sdient
features or hazards would be extracted from the sensor data and highlighted or depicted
as symbols or icons.

Broader versons of SVS could include EVS in both head-down and head-up
goplications.  In addition, SVS integrated with Terran Awareness and Warning System
(TAWS) will provide additiona safety benefits  Coupling a database with sensor
information to depict datic and dynamic hazards would insure that SVS provides an
accurate representation of the red world.  With this kind of dynamic representation,
Stuations requiring immediate evasive action would be minimized.

Precision Navigation Guidance: Usng SVS virtud displays such as taxi maps,
tunnd/pathway guidance and navigation cues, pilots can accurady view own-ship
location, and rapidly correlate their podtion to terrain and other prominent feetures. This
component enables the pilot to monitor navigation precison and is an important
component in lowering RNP/RNAV approach minimums, as well as supporting curved
gpproaches and following noise abatement procedures. Sdf-gpacing dgorithms can dso
be incorporated into SVS displays, leading to a variety of operationd benefits during both
ground and flight operations.

" EUROCAE Working Group 44/Joint Special Committee RTCA 193 is developing database
requirements for the developing, implementing, and updating of the database(s) that are going to be used in
SVS.

SVS Operational Concept
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SVSwill be referenced to GPS or DGPS, depending on available technology and

aoplication. If GPS becomes unrdiable or isnot available, SVS equipped aircraft will

utilize other forms of position updating or revert to areversonary mode of operation.

Ingalation of SVS on older arcraft will require GPS equipment smilar to that ingaled
in current-generation aircraft.

Database integrity will be an area of dgnificant focus. The terrain, arport layout, and
obgacle data must be of sufficient integrity to support precison navigation. By
combining sensor and database information, the accuracy and integrity required to
support operations down to Category Illb minima for approach and 300 ft RVR will
likely be feesble.

As a minimum, a precison navigaiond sysgem provides the ability to accuratdy
navigate to a 3D location. While the focus for this study is to creaste precison 3D
navigation, adding a time requirement for 4D navigaion might have meit in cetan
operationa environments.

2.2 SVSUse-By Hight Phase

SVS will support operdtions during al phases of flight.  This section describes
goplications that are of particular interest and discusses their operational  procedures.
Appendix B contains summarized descriptions of many potentid SVS gpplications that
were recorded at the February 2000, CaB SVS CONOPS Workshop. A candidate set of
gpplications, sdected for near-tem SVS deveopment and implementation, will be
described in more detail in afollow-on requirements document.

2.2.1 Ground Operations Between Gate and Runway

Previous research has explored technology intended to provide visud cues to the pilot
during periods of reduced vighility or a& night. It is recognized that current-generation
commercid arcraft are cgpable of landing with vishility as low as 150 feet and teking
off with vishility aslow as 600 feet.

Runway visud range is measured* adjacent to a given runway at three points. touchdown,
mid-fiddd and roll out. Table 2.1 reflects the impact on operations that can be expected
with decreasng RVRs.

" Source: Richard B. Gifford, Airline Captain, Retired
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Table 2.1 Operational Implications of Runway Visibility Ranges

RVR (feet) | DESCRIPTION

5000 Airport and aircraft IMC operations are normal both daylight and night.
Taxi speed may be reduced somewhat below the norma straight-ahead taxi
2400 speed of 20-25 knots.* Areas of reduced visibility may be expected and taxi
speed adjusted accordingly, but taxi time to the gate is not delayed
appreciably.
Taxi speed may be reduced to 10-15 knots. Aress of very low vishility may
1200 exist. The pilot may have trouble locating the gate, especidly at an unfamiliar
arrport. Taxi timesto and from the runway are increased dightly.
Visudly acquiring ground vehicles is difficult. Just as when driving on the
600 highway, some drivers operate their service vehicles at a speed too fast for the
conditions.
Taxi speed is reduced to about 10 knots (the approximate speed used on the
initid turn toward the gate) to accommodate the potentia of zero vishility.
Additiona guidance in the form of green imbedded taxi lights or a "Follow
300 Me" vehicleis very desirable. On one occasion at Frankfurt where the landing
was accomplished with reported vishility of 125 Meters, over 30 minutes
additional time was required to taxi to the gate. Areas of near-zero vighility
were encountered.
Taxi speed is reduced to 5 knots. Painted surface markings are of margina
value due to lack of contrast. Cockpit cut-off angle becomes a significant
factor in maintaining centerline control. Signs adjacent to taxiway may be
difficult to see. Taxi times are substantially increased.
Nothing is visible forward through the windshield. The edge of the runway or
taxiway is visble only by looking down from the sde window of the cockpit.
0 Safe movement of the aircraft is no longer possible. If the aircraft must be
moved for safety reasons (for example, to clear arunway), taxi speed is that of
awak (2 knots).

150

Because ground operations are so complex, (see Appendix C), low vighility can have a
devadating effect on thar efficency and safety. Therefore, ground operation in low
vighility is one of the areas where SV'S can be of grestest benfit.

2.2.1.1 SVSEnhancementsto Ground Operations

In order to maintain higher rates of runway operaions afforded by SVS technology in
other flight phases, arcrait must be able to maneuver safely and expeditioudy between
the runway and gate areas. SV'S will enable the safety and efficiency normally associated
with day VMC operdions to be redized a night and in low-vishility. ATC provides
clerances for surface operations including assgned taxiways, critical reporting points,
and coordination with other arcraft. Clearances may be provided through voice and/or
datdink. SVS will provide the pilot with this same clearance information. The system
will display the cleared path to the runway, as wdl as turn cues when intersections are
goproaching.  This will help to prevent arport gridlock, diminate taxi erors or
excursgons from the paved surface, and avoid obstacles while taxiing a norma speeds in
low vighility conditions. Optimd surface operations can be achieved by providing cues

" Actual speeds may differ depending on airline policy and pilot discretion.
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and guidance in an SVS display that complement or replace the visua cues provided by
sandard low-vighility arport features such as 9gns  lighting, and markings
Appropriate, familiar, and intuitive disolays of path guidance and obstacles, whether
dationary or moving, man-made or naturd, will be presented in such a way as to prevent
RIs and any other deviation from safe operations. Such a system will not only provide
operations equivdent to those exhibited in clear daylight vishility, but could increese
crew confidence, dleviae taxi clearance misunderdandings, and grestly reduce
confuson in the cockpit especidly during night operations a arports with complex
layouts.

To avoid accidents and RIs, ground operations could also depend on sensor-based
detection of obstacles, vehicles or traffic.  Some applications will dso require daa
exchange between aircraft.

Goals of SVSfor ground operations are:

Providing a means of operaing in the ground environment in conditions of
reduced vighility (300 ft RVR) with levels of safety and efficiency equivdent to
VMC — This would include development of sysem peformance standards and
hazard mitigation technologies for plausble sysem falures such as loss of
guidance sgnds and on-board equipment failures.

Eliminating Risin dl vighility conditions

2.2.1.2 Associated Technologies and Research

Severd edablished and emeging research efforts address  low-vighility surface
operations and are important components of the SVS concept. SVS will integrate
information from these technologies and will incorporate lessons learned from other
research projects. The Low Vighility Landing and Surface Operations (LVLASO)
project a the NASA was designed to develop and demonstrate technologies that will
safdy enadble clear-weather capacities on the surface in IMC. A Rollout and TurnOff
(ROTO) guidance and control system was designed to dlow pilots to perform a sdfe,
expeditious, high-speed rollout and turn-off after landing regardless of ruway conditions
and vighility. A Taxiway Navigation and Stuationd Awareness (T-NASA) system was
desgned to improve SA in the flight deck such that taxi operations can be performed
safdy and efficently regardless of vighility, time of day, arport complexity, or pilot
unfamiliarity with the arport. A Dynamic Runway Occupancy Measurement (DROM)
sysem was desgned to capture runway occupancy times (ROTS) in red-time A
database of these times is maintained for use by controllers and pilots to ad in optimizing
inter-arrival spacing.

The LaRC Runway Incurson Prevention System (RIPS) consigts of tacticd and dStrategic
displays in the form of arport surface depictions enhanced with arcraft and surface
vehicle pogtion symbology. RIPS adso provides SA and timely warning of potentid
corflicts. Supporting technology includes dataink, podtion determination  system,
aurvelllance system, and controller interface.

SVS Operational Concept
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Figure 21 includes examples of ground operatiions displays used in low-vighility
research a NASA (Ref 1). The symbology used in the ROTO head-up display is
illugrated in the upper portion of the figure. A taxiway routing and guidance display,

used in earlier LVLASO and T-NASA research, and the RIPS display are shown in the
lower portion.
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Figure 2.1 Notional Ground Operation Displays and Features

Technologies developed by FAA and industry ae foundationd to a successful
implementation of SVS, egpecidly in ground operations. These activities ae
demondrating operationd feadhility, generating and vadidaling requirements, and
asessing candidate supporting technologies (eg. DGPS, CPDLC, ADS-B, Tréfic
Information Systems-Broadcast (TI1S-B), and ATC color displays). A holigic systems
goproach requires compliance with the Safe Fight 21, Free Hight, CNSATM, and
SMGCS concepts. The FAA's Office of System Architecture and Investment Analysis
provides documentation of future programs for the NAS that include timelines, cost, and
milestone accomplishments. Examples (and FY target dates) are listed in table 2.2.

SVS Operational Concept
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Table 2.2 NAS Architecture Programs Candidates for
Integration Into SVS

Implementation Y ear Program

2002 GPSWide Area Augmentation System or WAAS

- Cockpit Display of Traffic Information or CDTI
Airport Movement Area Safety System or AMASS
Controller-Rilot Dataink Communications or CPDLC
Traffic Information Sysems-Broadcast or TIS-B

2005 Automatic Dependent Survelllance-Broadcast or ADS-B

2007 GPSLocd Area Augmentation System or LAAS

Program descriptions can be found in the FAA's NAS Architecture, Verson 4 document
(Reference 2). The programs listed in table 2.2 are candidates for integration into SVS.

2.2.1.3 Candidate Ground Operation Display Features

As currently envisoned, SVS will incorporate these display features for ground
operations:

DGPS navigation capability for precison podtioning — This includes current
location and a predictor of the taxi peth, intuitively showing the proximity to
taxiway edges and other obstaclegtraffic.

A high-precison graphica depiction of the arport ramp, taxiways, runways, and
sgnificant infrastructure that correlates with the outsde view

Hazards and obstacles of dgnificance  condruction, aircraft, wildlife, ground
support vehicles and personned — This includes derting and resolution guidance
to prevent taxi errorsand RIs.

Intuitive depiction of ATC taxi clearance

A guidance digplay that predicts nose and main gear location and trgectory to
assg intaxiing

Forward looking sensors, usng FLIR, enhanced westher radar, or MMWR
technology — The data from these sensors, not necessarily the raw images, would
be the bass of the depiction of obgtacle information not contained in the geo-
database on the forward-looking display and provide database integrity
monitoring.

A declutter capability for the SVS display — This is required to effectivey
manage the information avalable versus the information of priority to the pilot's
current task.

SVS Operational Concept
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222

Departure

The departure phase of flight is defined to begin when the arcraft's brakes are released,
and power is gpplied with the intent to take off. Departure continues until the arcraft
trangtions to its en route portion of flight at the Top of Climb (TOC).

The concept for how SVS will support departure operations in IMC, is drawn from how
those departures are conducted in VMC operations. For an arcraft to depart under
today's operations the following conditions must exist:

1.

2.

3.

The pilot must be able to see the runway location; as a minimum, the runway
edges and centerline must be visble.

The pilot must be able to guide the arcraft accurately adong the runway during the
run up to takeoff speed.

The pilots must have access to the informaion normdly provided by flight
instruments to support takeoff operations. This includes airgpeed for takeoff, and
apresentation of V1, Vg, and V.

2.2.2.1 SVS Enhancements to Departure Operations

SVS will enable departures in reduced vishility by providing the flight deck with the
cgpability to:

1.

View the runway edges and centerline based on daabase information and
accurate, reliable sensing of own-ship postion. The pilots must be able to guide
the arcraft accuraely adong the runway centerline while accderating to takeoff
speed.  Rilots normaly make takeoffs head-up, so depending on how the SVS
forward-view is implemented, the head-down display (HDD) or HUD should
provide this same runway display and centerline guidance capability. Pardld
traffic should also be depicted.

Display sensor-based information that warns of obgtacles on the runway that may
pose a threat to the safety of a departure operation prior to takeoff. The sensors
may include onboard instrumentation such as FLIR or other adar and data-linked
information from equipment such as ASDE, ADS-B, or CPDLC.

Display enhanced guidance cues to enable the pilot to proceed on a safe departure
route. This capability would gpply to operations on pardld departure runways
that may be more closdy spaced than 2500 feet. The system should provide derts
to the pilot when there isinadequate navigation performance.

Before entering the active runway, the flight crew is required to visudly check the
approach to the runway and the runway itsdf for arborne and ground traffic and
obstacles. SVS will enhance safety by extending the pilot's visua recognition range and
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providing derting independent of visua obscurations”  In addition, since the decision to
rgect the takeoff becomes more dangerous as the arcraft accelerates, SVS will provide
near real-time object and traffic detection, (preferably) before the takeoff roll has begun.

During tekeoff, not only is it necessxy for the pilot to mantan runway dignment, but
arcraft engine instruments and performance must be monitored. In addition, most CaB
operators incorporate an "eighty knot" check and verbdly announce Vi, Vg, and V> by
the pilot not flying (PNF), to confirm speeds the pilot flying (PF) sees on higher airspeed
indicator. As a result, SVS will depict runway edges and centerline to support proper
dignment.

Once arborne, the flight path must be mantaned within the airspace desgnated. The
pilot may assume responghility for separation from dl other arborne traffic, including
establishing a divergent flight path with aircraft departing on parald paths’. To support
this SVS will provide an intuitive view of rdevant traffic and an dlowable trgectory for
the aircraft to fly, aswell as any appropriate redtrictions aong the departure path.

Once arborne, the crew would maintan visud separdion from pardld traffic usng the
same display. An SVS depiction of path and terran will give the crew the added
Stuation awareness important in certain terrain-affected departure operations.

If there is departure traffic from a pardld runway or from an arcraft executing a missed
gpproach, SVS will display a clear and safe escape procedure if one arcraft deviates from
its nomina path and threstens the other. This capability, dong with a visuad depiction of
the traffic, isarequirement for pilots to accept respongbility for separation.

Redundancy will be designed into SVS. Automatic default to a back-up sysem would
occur if sdf-checks of accuracy indicate inadequate performance within the system.
Triple system redundancy may be necessary to provide the required dispatch rdiability.

In departure operaions, SVS will provide the capabilities necessary to dlow parald
runways to continue to operate as independent runways or Smilaly capable pardld
runways in VMC. Current redtrictions and procedures for severa departure environments
are presented in Appendix D.

Separation  requirements for departure operations in closely spaced padld and
intersecting  runway environments may require technology dmilar  to  Airborne
Information for Laterd Spacing (AILS, References 3 & 4) and pared-staggered
operations to enhance safety (Reference 5). Those features will protect the flight from
traffic hazards by providing derting and other safety festures. SVS requires survelllance
information (eg., Traffic Alet and Callison Avoidance Sysem (TCAS), ADS-B, TIS
B) to be functiond during departure operations.

" On-board sensors are subject to line-of-sight limitations, but through the networking of sensor
information, line-of-sight limitations can be overcome and included dynamically into a database.

T Especially to maintain situation awareness of traffic on an adjacent runway if it is closer than 2500 feet
lateraly.
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A desred consequence of usng SVS displays for depiction of centerline guidance, traffic
and obstadles is the reduction of vighility minima  SVS would endble the pilot to depart
any runway, induding those not equipped with centerline lights, in vighility as low as
300 ft. The judification behind this vighility sdection comes from an operationd benefit
moddling analyss which determined 300 feet RVR to be the “breakthrough point” where
operationa/economic payoff increases sharply for an SVS capability (see Reference 5).
The capability to maintain directional control and rgect takeoffs is enabled through
information presented with the SVS display. SVS provides a pictorid view of an
arcraft's environment. In paticular, the runway ouline and centerline, surrounding
terrain, and known obgtacles are depicted. Additiondly, ground and airborne traffic and
runway obstructions would be vigble. SVS in that gpplication would provide appropriate
system accuracy, reiability, and redundancy to ensure safe operations smilar to CAT I
or CAT Il operations a Type-11 or Type-11l fecilities.

There are dso operational implications for arports that have multiple runway departures.
If departing arcraft were equipped with SVS, virtua visud departures on padld
runways could be possble in any vishility. When adjacent arcraft ae both SVS
equipped, ar traffic controllers would be able to apply visud separation standards
because the aircrew could maintan visud contact until they diverge. Visud separation
procedures may smilarly apply when a depating arcraft and an arcraft executing a
missed approach are both SV S equipped.

2.2.2.2 Usng SVSto Prevent CFIT in Departure Operations

SVS will provide an intuitive, clear day view of the terrain dong the path of the arcraft.

SVS will include a prediction of the path of the arcraft relative to terran or obstacles
usng current dae information (eg., veocity vector). It will present guidance
information to maintain a safe path. SVS will show any terrain and obstacle threats and
display the performance cgpabilities of the arcraft to aid the pilot in avoiding CHT. This
would be especidly valuable in the event of loss of power on teke-off at certain arports.

2.2.2.3 Usng SVSto Prevent RIsin Departure Operations

SVS will depict potentid RI Stuations and provide cueing and derting to prevent, warn
of, and avoid RIs with other arcraft, ground support vehicles, ground crew and wildlife
Enhanced arcraft date and controls information (i.e, thrust setting, acceleration, thrust
reversers, braking, etc.) could be datalinked to be used in adgorithms for evauaing the
threat of proximate traffic and provided to the arcrew as warnings or derts when
aopropriate to aid in preventing RIs.

2.2.2.4 Candidate Departure Display Features

SVS will incorporate those display features needed to make a safe departure.  Features
that are core to the synthetic vison concept, such as a perspective runway depiction and a
display of teran and fixed obstacles should be avalable initidly. Additiond fegatures,
like depiction of traffic information, depend functiondly on the availability of enhanced
aurvelllance data (ADS-B or TIS-B). Other features like the depiction of noncooperative
obstacles will be incorporated as their enabling technologies (eg., enhanced wesather

SVS Operational Concept
20



radar, FLIR, MMWR) mature. Below are candidate SVS display features for departure
aoplications.

The runway edges and centerline

Wesather hazards such as windshear, thunderstorms, turbulence, in the departure
path

Wake vortex hazards

Obstacles on and adjacent to the runway: condruction, arcraft, wildlife, ground
support vehicles and personnd

A flight path predictor, showing the proximity of terrain, obstacles, and traffic

A qguidance display of informaion for mantaning an intended path, induding
indications of runway remaning during takeoff

An derting cagpability that warns the pilot of prominent teran — This may be
gmilar to current TAWS cgpabilities, but should include more proactive or
drategic protection. If derting fegtures are used, recovery procedures for dedling
with aderts must be incorporated.

A graphicd depiction of the terrain, arport, and dgnificant infrastructure, driven
from a terrain database — This imagery would be shown in a forward-view HDD
or HUD. Current PFD symbology, including pah guidance, would be
superimposed on the database images.

CDTI — This would be a planview HDD of the flight path and reaive location
of traffic. Current ND symbology will be included in this display and integrated
into the virtud visud forward-view.

Forward-looking sensors, using FLIR, enhanced westher radar, or MMWR
technology — The data from these sensors, not necessarily the raw images, would
be the bass of the depiction of obgtacle information not contained in the geo-
database on the forward-looking display and provide database integrity
monitoring.

GPS navigation cgpability — This may be augmented by a DGPS to achieve the
required accuracy.

A declutter cgpability for the SVS display is required to effectivdly manage the
information available versus the informetion of priority to the pilot’s current task.
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2.2.3 En Route Operations

The en route phase of flight is defined to begin at the Top of Climb (TOC) and end &t the
Top of Descent (TOD).

2.2.3.1 SVSEnhancementsto En Route Operations

SVS will support arcrews by heping them monitor flight performance and avoid hazards
during the en route phase, as well as support their transtion to descent and approach.
This is especidly true for low-level en route operations. In some Stuations and through
various display implementations, SVS would dso be used to rehearse an gpproach during
the en route phase of flight (see Appendix B Applications A-18. Smulation Training
Fidelity and E-11. Mission Planning/Rehearsal).

SVS will minimize dependence on derting and escape maneuvers.  However, there may
be redrictions on the manner in which an SVS sysem may be used to emulate
capabilities of visud flight. There will be a backup capability to support safe operation
should an SV'S system failure occur.

2.2.3.2 Usng SVSto Prevent CFIT in En Route Operations

SVS will include derts tha proactivdly warn the pilot of a projected flight path nearing
prominent terrain or obstacles. As a backup to a terrain and obstacle database system, the
system would have sensors that recognize terrain and other obstacles in the projected path
of the arcraft and dert the pilot with visud and audible warnings when such hazards
become imminent. These derts would be provided through SVS integration with TAWS.

2.2.3.3 Candidate En route Display Features
Enhanced path guidance (e.g., tunnel- or pathway-in-the-sky)
Boundaries of termind defined airgpace, and specid use airgpace
A view of rlevant traffic
Appropriate weather hazards
Prominent terrain that must be cleared (especialy for low-leve en route)
Primary flight information
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2.2.4 Arriva and Approach Operations

The arivd phase begins a the TOD where the arcrew leaves en route flight, continues
through descent, and trangtion to the airport termina area for an gpproach. It ends after
landing when the arcraft departs the runway. Approach operations have longitudind and
lateral spacing requirements, speed and descent profiles, and weather minimums that
impose redrictions on the ariva to an arport. The respongbility for in-trall and laterd
goacing from desgnated arcraft can be trasferred from ATC to arcraft operating in
VMC. PRilots may then mantan visual separation from treffic they are following, from
padld runway treffic, and from other traffic within ther fidd of view. In IMC,
separation is currently controlled by ATC, and approaches are not conducted when the
westher is below minima

During MC, to continue the gpproach below the decison height (DH), the pilot must see
a leest one of the following references  the approach lights, the runway threshold, its
markings or lights the runway end lights the touchdown zone, its markings or lights a
visuad gpproach dope indicator; the runway, or its markings or lights Using an autoland
system in an autocoupled approach, the pilot performs system checks at prescribed dert
heights (AHs) and isableto land in CAT Illb vighility.

2.24.1 SVSEnhancementsto Arrival and Approach Operations

SVS could dlow for the subgtitution of visud landing criteria when certain components
of the approach system are inoperative or unavailable For example, SVS equipped
arcraft could continue to lower minima even when agpproach lights are inoperative.  If
runway edge lights are inoperdive, redricting airfidd use, SVS could enable operations
without that redriction, thus improving operationd reliability and helping to provide the
economic incentives for SV Sto “buy its way onto the flight deck.”

SVS precison navigaion guidance would provide an additiond integrity threed for on:
board navigation sysems. For example, SVS would augment glidedope and locdizer
informetion and verify the precise runway location and dignment. This would alow
lower vighility or DH minimums usng an Indrument Landing System (ILS) that meets
accuracy requirements for CAT 1lIl minimums, but does not have ether the integrity
checks or monitoring required for Type Il inddlaions. Beow the normd (nonSVYS)
minimums, a discrepancy between the ILS readout and the SVS image would necessitate
performing a missed gpproach. As SVS technologies mature and are certified to higher
dandards, lower minimums would be dlowed usng SVS in place of an ILS. A
conceptuad SVS display of a DFW approach is depicted in Figure 2.2. Although initia
SVS inddlations may supplement exiding approach navigation ads, mature
implementations could be the primary navigation ad for precison RNP operaions. SVS
will enable the pilot to maintain sufficient path accuracy to make the gpproach.

SVS Operational Concept
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Figure 2.2 Notional SVS Display of DFW Approach

SVS will endble arcraft to mantan virtud visud separaion from desgnated traffic
while executing the gpproach to landing. Part of the virtud visud environment is the
depiction of traffic not only on a planview ND, but aso on a HDD or HUD with terrain,
obstacles, and wesather hazards. This depiction of traffic, would be needed to accept
separation responghility from ATC.  Range information will be included with the iconic
traffic depiction. To achieve the efficiencies associated with visud approaches using
visud separation in IMC, the equivdent VFR criteria for these approaches to single and
parald runways must be met.

Any terrain, obgdacles, or traffic that would impinge upon the intended gpproach and
landing path must be vigble in the SYS. The EVS component of SVS would be used as
an integrity monitor of the database depiction of such hazardsin this criticd flight phase.

Sngle Runway Approach

Aircrew will follow path guidance depicted on the HDD or HUD. Wesgther hazards and
traffic information are dso displayed on both the forward-view PFD or HUD and the
platview ND. Teran imagery would enhance the flight crew's Studion awareness,
and, together with pathway guidance and TAWS derting, supplement the aircraft's CHT
avoidance capability. If the arcraft is following another arcraft in-trail, separation could
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be maintained usng an on-board spacing tool.” To peform a virtua visud approach in
IMC, the pilot would acknowledge, “seeing” the traffic. A spacing tool would be used to
maintain separation down to runway touchdown. Landing in IMC, the PF would use the
virtud visud display for guidance and visud references of terain, infrastructure, and the
arport. SVS will display runway perspective and visud cues sufficient to make a virtua-
visud landing (section 2.24). Obsacles and traffic on or near the runway would be
shown in a forward view so that avoidance or missed approach maneuvers are supported
in IMC as wel. With this virtud visud cgpability, SVS will support pilots in performing
low-vishility gpproaches without an ILS.

Parallel Runway Approaches

When both aircraft are SVS equipped, virtual-visua approaches in IMC are analogous to
visua agpproaches to pardld runways closer than 4300 feet using visud separation from
adjacent traffic. Since these gpproaches are not controlled by conventiona ATC radar, it
is important that they are supported by additiond technology and derting capability. The
AILS concept, which uses ADS-B information, is one such multi-levd derting system
that supports pilots in keeping two smilarly equipped arcraft on close pardld paths, and
incorporates an emergency escgpe maneuver to avoid intruson.  SVS would enable
independent pardld approaches in suitable environments.

Smilar to a sngle runway approach, the pilot would acknowledge seeing the traffic,
depicted on the SVS display’. Both arcraft would be advised by ATC that separation
control had been transferred to the cockpits (of the SVS equipped arcraft). The same
goacing tool used for in-tral spacing could adso give longitudind spacing informetion,
while range information would be avalable from the traffic icon. An AILS sysem
incorporated into SVS would provide enhanced safety for these virtud-visud pardld
approaches. It would aso function as a reversonary mode to the SVS virtud-visud
pardld approach procedure. AILS has been demonstrated to support parallel approaches
down to runway separations of 2500 fet.

Circling Approaches

Cirding gpproaches are required when the landing runway is not digned with the
indrument approach course.  During a circling gpproach, the arcraft is flown visudly,
below the cloud ceiling, to the landing runway. SVS will provide guidance to assg the
pilot during this maneuvering. SVS will dso dlow drding approach vighility
minimums to be reduced to that of draight-in goproach minimums while mantaining or
increesing safety.  Similarly, SVS will hdp reduce RNP minima — especidly for IMC
approaches to terrain challenged arports.

" Research into the implementation of a “spacing tool” is also being conducted at NASA LaRC under the
Advanced Air Traffic Technology (AATT) project.

T Depicting adjacent aircraft on SV'S displays could be accomplished in several ways and remains an open
research issue.
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Published Visual Approaches

These gpproaches following terrain features (eg., DCA river agpproach) are performed
during VMC. SVS equipped aircraft could make this gpproach in IMC. The pilot would
follow the pathway-in-the-sky guidance overlad on the display of terrain depicting the
features that define the gpproach. SVS would dso improve a pilot’s awareness of noise
abatement procedures through an intuitive display of the arcraft's ground track in
relaionship to the noise abatement area.

2.2.4.2 Using SVSto Avoid CFIT on Approach

SVS provides a view of the terrain dong the path of the arcraft very much as is the case
on a clear day. Coupled with TAWS, the SVS forward-view provides additiond pro-
active CFIT protection. SVS will give vaduable cues to prevent initiating an early, or late,
descent that may result in landing short, or long. The primary expectation is that the
pilots flying the arcraft will not fly into a hillsde mountain, or other terrain while
looking a the clear-day view provided by SVS. As a backup, the sysem will have EVS
sensors that detect terrain and other obstacles in the projected path of the arcraft and dert
the pilot with visud and audible wanings when such hazards become imminent.
Precison navigation gpproaches tha maneuver around dgnificant terrain or obstacles
would require the incorporation of EVS sensors for database integrity monitoring to
enable low-vishility operations. The procedures related to this festure will prescribe a
course of action to be taken when warnings are issued. The warnings will be desgned
such tha gppropriate time is avalable to dlow a flight to divert its course ether by
climbing to ahigher dtitude or deviating around the impending hazard.

2.2.4.3 Usng SVSto Prevent Runway Incursons on Approach

SVS will depict potentid RI dStuations and provide cueing, aderting, and resolution
guidance to prevent, warn of, and avoid RIs by other arcraft, ground maintenance and
support vehicles and, potentialy, ground crew and wildlife (Figure 2.1 and Reference 1).

2.24.4 Candidate Arrival and Approach Display Features
A mgority of the features described for departure operations (section 2.2.2.4) are dso
applicable to the approach phase. Some fegtures of particular interest are:

The runway edges and centerline

Wesather hazards such as windshear, thunderstorms, turbulence, in the approach
path

Wake vortex hazards

Obstacles on and adjacent to the runway: condruction, arcraft, wildlife, ground
support vehicles and personnel

Taran such as mountans and hills that are factors influencing the arivd or
approach

A flight path predictor, showing proximity to terrain, obstacles, and traffic
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Guidance presenting an optimal path for the crew
Path compliance monitoring and aerting

An deting capability that warns the pilot of prominent terran — This may be
gmilar to current TAWS capabilities, but should include more proactive or
drategic protection. If aderting features are used, recovery procedures for deding
with aderts must be incorporated.

A proximae traffic advisory and deting capability including resolution
procedures

A graphica depiction of the terrain, arport, and dgnificant infrastructure, driven
from a terrain database — This imagery would be shown in a forward-view HDD
or HUD. Current PFD symbology, including pah guidance, would be
superimposed on the database images.

CDTI — This would be a planview HDD of the flight path and reative location
of traffic. Current ND symbology will be included in this display and integrated
into the virtud visud forward-view.

Forward-looking sensors, using FLIR, enhanced weather radar, or MMWR
technology — The data from these sensors, not necessarily the raw images, would
be the bass of the depiction of obstacle information not contained in the geo-
database on the forward-looking display and provide database integrity
monitoring.

GPS navigdion cgpability — This may be augmented by a DGPS to achieve the
required accuracy.

A dedlutter cgpability for the SVS display is required to effectivdly manage the
information available versus the information of priority to the pilot’s current task.

2.2.5 SVS Support to Non-norma Operétions

SVS will provide intuitive visud support to pilots in nonnorma and emergency
dtuations.  During loss of control and non-normal scenarios, where crew attention is
diverted, SVS could provide improved awareness of their postion relative to terrain and
obgacles. The likdihood of mistakes with sysems and/or navigation tasks due to high
workload will be reduced. SV S features for these types of Stuations could include:

Visua cuesfor upset recognition and recovery
Airport and runway diverson planning
Traffic and westher hazard deconfliction during engine out drift down

Improved emergency descent awareness of terrain, traffic, (descent caused by
engine out, depressurization, smokeffire)

Enhanced SA during recovery from loss of control
Depiction of missed gpproach guidance
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Depiction of emergency approach terrain and obstacles
Intuitive emergency procedure support and guidance
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3 Bené€fits

SVS is an integration of severd technologies that possess identified or assumed sdfety
and operationd benefits of their own. The increased benefits of SVS beyond those of the
individud components will be redized as a result of the integration of the individud
technologies.

3.1 Potentid Safety Benefitsof SVS

SVS is expected to emulate day VMC in limited vighility conditions. Using SVS, the
overdl accident/incident/loss rate is expected to be that of day VMC. Some of the
expected safety benefits are:

CHIT reduction

RI reduction

Improved Situation awareness

Improvement of unusud- attitude/upset recovery
Improved non-normal Situation response (section 2.2.5)
Improved compliance with ATC clearances

3.2 Potentid Operationd Benefitsof SVS

An SVS operational benefits andyss was completed in a contracted study for NASA
(Appendix E and Reference 6). Tha sudy identified a number of areas where significant
benefits can be achieved using SVS in CONUS operations. The conclusions from the
sudy are summarized below with excerpts taken from the find report.

Synthetic vison systens should provide severa improvements in arport termina
area operations. Among these are reduced arivd and departure minimums, use
of additiond multi-runway configurations, independent operations on closdy
gpaced pardld runways, and reduced arrival spacing. Using modified versons of
arport capacity and delay modds previoudy developed for andyzing other
NASA technologies, a reduction in arrival and departure ddlay by implementing
vaious SVS capabilities was esdimated. The anayss results indicate that SVS
technologies should provide large economic benefits, but that different
capabilities are important at different airports.

Modding of a sdect number of arports has shown SVS to provide the following
benefits:

Independent operations on closaly-spaced, pardld runways — Modeling shows
sgnificant benefits, particularly a DTW, MSP, and SEA.

Reduced inter-arrival separation — Modding shows benefits a dl arports, with
paticularly large benefitsat ATL and LAX.

Converging and Circling goproaches — Modding shows large berefits a ORD
and EWR, and significant benefits at MSP and DFW.
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Reduced Depature Minimums — Some benefits are indicated, in the ranges
$3 million/year a Minneapolis, $51 million/year a Sesitle.

Reduced Runway Occupancy Time— 20% reduction in low vishility conditions
Potentid for Reduced Training requirements

Potentid for Reduced Arrivd Minimums — Using SVS for RNAV and RNP
procedures into Type | arports may be the subject of a future operational benefits

study.
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4  |ssues

Prior to publication, a draft of this document was released to participants of the February
2000 workshop and other stakeholders for comments. Many of the responses were
incorporated into the current verson. The remaning comments describe open issues
related to the design and use of SVS that need to be resolved during future research and
development. A representative summary of those comments, grouped by area of concern,
is presented here. A ligt of the condtituent issues, questions, and comments is provided in
Appendix F.

Benefits, Risks, Cost

Is SVSthe optima solution to the problems associated with low visbility operations?
Will SVS be cost-effective?
What risk factors are associated with SV'S implementation?

Displays

What levels of control will pilots have over disolay format and content?

How should the flight path and guidance be presented?

What are the SV S field-of-view requirements?

How will SV'S displays adhere to existing cockpit display philosophies?

How will sensor and database information be integrated and displayed?

How will SVS displays be integrated with existing flight deck displays?

What are theimplications of digplaying information on head-down and head- up displays?

What is the best way to provide derts for runway incursdon threats and resolution
guidance?

How can SV'S depictions of potentia RI traffic provide maximum safety benefits?
Human Factors

How will SVS adhere to edablished human factors precepts in the display of
information?

How will known and anticipated flight crew performance issues be addressed in the
design of SVS?

Can SV S be shown to improve crew Situation awareness?
Procedures

How will SVS affect termind area procedures and the roles of pilots and controllers?
How will SVS procedures accommodate non-equipped or non-cooperating traffic?
How will emergency procedures be affected by SVS?
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Smulation

How can SV S technologies contribute to improved visuasin flight smulation?

What enhancements to weather hazard depiction can SVS provide, both in smulation and
in actud flight?

Sensors, Databases

How can the performance of enhanced vison sensors, such as FLIR and MMWR, be
evauated, modeled and enhanced?

How will sensor performance be compared to VMC viewing?

How will SVSintegrate data from sensor and database sources?

Wheat types of ADS-B data would best contribute to the dimination of Rl accidents?
How will SVS ensure data integrity, rdiability, and currency?
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5 Concdlusons

Current technology alows arcrews to perform dl-vishility en route operations as wel as
low vighility approaches and landings to agppropriately equipped runways. SVS will
further increese arcrew SA and peformance by integrating exising and new
technologies and flight procedures into a virtual visual environment which expands safety
and opeationd benefits in CaB ground operations, depature, en route, and
ariva/approach. The key safety benefits for gpplying SVS are preventing CHT and Ris
and the key areas of operationd benefit are supporting low-vighility ground operations,
departures, and approaches. SV'S could aso enable pilots to fly more flexible gproaches
in low-vighility, eg., RNAV and RNP procedures to Type | or nonILS equipped
arports.  SVS and the virtud visud environment are well suited to provide both safety
and operationd benefits in these phases of flight. Therefore, the CaB industry should
pursue deveopment of SVS technology to help overcome these operaiond limitations in
low-vighility conditions. Several research application areas and issues that may offer
effective SVS bendfits are presented in the following lis. These paticular gpplications
were sdected because SVS offers benefits in both norma and terrain challenged airports
and in vighility ranging from VMC down to IFR CAT llib.

Ground Operations — to enable VFR rates of operation in vishility aslow as 300 ft RVR

Taxi Operations (precison navigation and guidance)
RIPS

Departure
Operations a Type | and norn+ILS runways
Pardld Departures
Sdf- Spacing Capability
Curved Departures

En Route Operations

Low-level En Route operations
En Route Diverson

Approach (Arriva) Operations

Approach Operationsto Type | and non-1LS runways
Converging Operations

Pardld Approaches

Curved Approaches (Includes RNAV, RNP)

Circling Approaches

Sdf- Spacing Capability
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HSALT

Non-Norma Operations
Upset recognition and recovery
Emergency descent support/guidance
Recovery from loss of control
Emergency approach terrain/obstacle avareness
Emergency procedure support/guidance.

Government agencies should provide R&D asssance and the required communications,
navigation, and survellance (CNS) infragructure for SVS to achieve its potentid
benefits. ~ The development, implementation, and updating of teran and obdacle
databases used by SVS aso require government and industry leadership to ensure data
accuracy, rdiability, and integrity. EUROCAE Working Group 44/Joint  Specid
Committee RTCA 193 continues to develop database requirements that will be used by
SVS. SVS could aso have profound regulatory implications. In fact, the difference
between seeing another arcraft in VMC and “seeing’ that same arcraft with SVS not
only presents chdlenges to certification, but might leed to an entirdy new “dectronic
flight rules’ or EFR world. As a reault, in-depth discussons between researchers, the
FAA, and any other agenciesinvolved in certification should begin immediately.

As with the advent of glass cockpits and flight management computers two decades ago,
SVS presents an opportunity to create an environment where many traditional paradigms
are replaced with entirdy new concepts  Extensve research, experimentaion, and
collaboration with stakeholders will determine the optima mix of SVS technologies with
existing and proposed capabilities and must address a multitude of human factors issues.
This approach will ensure that SVS will enhance safety and enable consgtent gate-to-gate
arcraft operations.
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Appendix A — Visbility Categories

Figure A-1 depicts the published Insrument Landing System (ILS) approach minima
Specific gpproach procedures often require the use of a higher Decison Height (DH)
andlor Runway Visud Range (RVR) and are according to Part 91.189. Equipage is
according to Appendix A to Part 91.

ILS Minimums (with all required ground and airborne
systems components operative)
DH (feet) RVR (feet)

o Category | 200 2400

» Category | 200 1800 (with touchdown zone and
centerline lighting)

» Category Il 100 1200

» Category llla 0-100* 700

e Category llib 0-50* 150-700

» Category llic 0 0

*Alert Height

Note: Special Authorization and equipment required for
Categories Il and llI.

Reference: Aeronautical Information Manual, section 1-1-9 i.

Figure A-1 Visibility Categories

Visibility Categories
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Appendix B — CaB SVS CONOPS Applications

There were a number of applications consdered at the February 2000 SVS Workshop.

These had been either listed on a work sheet distributed to participants by the NASA SVS
CONOPS Team for consideration, or added by the participants in the workshop. The
applications were conddered in terms of phase of flight and were later organized into a
dructure in the following caegories (1) Hazard Avoidance, (2) Sdf-Separation; (3)
Emergency Management; (4) Improved Operationd Capability/Piloting Aids/Enhanced
Hight Management; and (5) Navigetion.

This appendix is divided into sections that present the gpplications addressed by the
workshop participants in four flight phases: (1) Approach, (2) Departure, (3) En Route,
and (4) Ground Operations. The firsd page of each section presents a numbered (for
reference) lig of the agpplications considered, separated into the five categories ligted in
the preceding paragraph. Next in each section, the documentation presents a description
and notes on each of the applications. The notes are either comments from the workshop
or atempts of the SVS team members to describe the application. They are included with
minima editorid modification. Three agerisks (***) are placed after the gpplication title
when a high priority rating was given to the gpplication. See dso Figure B-1.

35

30

25

20 B Total

15 EHigh Priority
10

5

0 - T T T

Approach Departure En Route Ground
Ops

Number of Applications

Flight Phase

Figure B-1 SVS Applications Identified During Feb 2000
Workshop
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B.1 Approach

Hazard Avoidance (Non-traffic hazards)
A-1. Emergency Stuationsin Challenging Terrain
A-2. Bird Srikes
A-3. Hazardous Weather Avoidance
A-4. Wake Turbulence IMC
A-5. Terrain Avoidance Equivalent to VMC
A-6. Terrain Information to Controllers

Sdf Separation (SS)
A-7. De-Conflict Approaches
A-8. Identify Traffic Ahead
A-9. Sdf Separation
A-10. LAHSO
A-11. Runway Incursions
Parallel Approaches
A-12. Closely Spaced
A-13. Sdf Contained Parallel Approaches
A-14. Sation Keeping (Parallel approaches)

Emergency Management
A-15. Upset Recovery
A-16. Missed Approaches

Improved Operationa Capability/Piloting Aids/ Enhanced Hight Management

A-17. Transition from Instrumentsto Visual Flight

A-18. Smulation Training Fidelity

A-19. Runway Remaining

A-20. Crew Resource Management (CRM) HUD/HDD - This one might be more of
an issue than an application

A-21. Potential for Hand Flown Approaches

A-22. Reduced Minima***

A-23. Required Time Arrivals

A-24. Flare Guidance

Navigation
A-25. Altitude Deviation
A-26. Curved Approaches
A-27. Guidance (symbols)
A-28. Improved Approachesin Challenging Terrain
A-29. Path Accuracy / Noise Abatement
A-30. VAS (Salf contained)
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Descriptions and Notes

Hazard Avoidance (Non-traffic hazards)
A-1 Emergency Stuationsin Challenging Terrain

In this gpplication the crew will be given information in the synthetic/enhanced vison
digolay that will depict the terran to ad in emegency Stuations while flying into
challenging terrain.  Such information could be derived from a database designed to give
an accurate depiction of the approach terrain surrounding the airport. The database will
have the runway in view with dl the current obstacles and traffic. It would use an
enhanced verson to show the runway traffic. The enhanced verson will adso dlow the
crew to see the runway from the time they rollout on find. It would dlow the crew to
view the terran and make decisons during an emergency dtuation that would ad in
avoiding the chalenging terrain.

It is posshle that an accurate database would give the crew the means for viewing the
chdlenging teran. NASA dong with NIMA utilized the shuttle to obtain a high
resolution digital topographic and imege database of the Earth during a recent shuttle
misson. It is expected that this information could be used to generate the database
necessary for the SVS digplay in the flight deck. This would dlow the crew to see the
terrain, judge its location, and avoid possble hazards associated with the terrain during
an gpproach or an emergency Stuation in chalenging terrain.

Terrain, obdacle, and reated flight information data is avalable from a variety of
Government and private sector sources, such as, NIMA, ICAO, FAA, USGS, NGS,
Jeppesen Sanderson, and a variety of other companies in the commercid mapping,
satellite and aerid survey indudries. The potentid for usng 3D and 4D imagery could
also be included in the display informeation for the application.

A-2 Bird Srikes

In this gpplication, the synthetic/enhanced vision display could be used to detect birds or
other unknown objects in the gpproach arspace or runway area  Some type of sensing
device would be needed since a database would not show the birds or objects.

A-3 Hazardous Weather Avoidance

This agpplication could condst of display of weather from a database and from onboard
wegther radar sensors.  The information could be acquired from a ground-based database
and up linked to the flight deck. In an SVS agpplication the information would be
displayed in the flight integrated with other data-base and sensor-derived information.
The disgplay would integrate hazardous wegther information with traffic and terran
information for use during an approach. It could adso propose a safe route through the
hazards by incorporating ether conventiond logic or atificid inteligence to determine
such a route. It could dso incorporate decison ads to assg the flight crew in making a
decision to continue the approach or divert to an dternate airport.

CaB SVS CONOPS Applications
40



A-4 Wake Turbulence IMC

In this gopliction the pilots operdting in the termind area will be provided with
aufficient information in a syntheticlenhance/artificid vison digplay to prevent wake
turbulence encounters.  The synthetic vison capability will provide the pilot an accurate
view of where the potentidly hazardous traffic is. Such information cannot be derived
purdy from a database. Information being sensed on the ground and perhaps onboard
technology could function together to acquire the necessary information. ADS-B could
be usad to accurately define the three dimensond location of traffic and its movement.
The pilot would provide the decisonr-making and control needed to avoid wake
encounters smilar to how that task is performed in VMC.

A means of senang or predicting the location of potentidly hazardous wake turbulence
will be usad in this gpplication. The AVOSS program a NASA undertook developing a
ground-based system. If the sensing or prediction technology is ground based, the SVS
goplication would utilize a data linking capability to provide necessary information to
arcaft in flight. A digplay of traffic could dlow the pilot to mantan a ssfe digance
behind a leading arcraft, judge the probable location and intensty of its wake fied, avoid
cossng the path of such fidds, and fly above potentidly hazardous fields to avoid
encounters asin VMC during visud pardld approaches.

In this gpplication, as opposed to IMC operations where aircraft are longitudinaly spaced
according to the weight/type classfication, the pilots would be given the responshility
for intral soacing. The flight deck display would provide information smilar to the
view of the treffic avaladle to pilots in VMC. The potentid for usng symbols and
alphanumeric display information may aso be included in such an gpplication.

This gpplication may aso be used in departure.

A-5 Terrain Avoidance equivalent to VMC

This is a centra gpplication of SVS. In the words of NASA Langley’'s Mike Lewis, SVS
should “meke every flight the equivdent of clear-day operations” Dan Baize has dated
the god of SVS in this way, “Provide a clear-day, out-the-cockpit view to pilots flying in
any vighility or lighting conditions”  Stephen Pope wrote in the September, 1999,
edition of the Aviation International News /Online, “As currently envisoned, synthetic
vison will provide a detailed scene of the outsde world on primary flight displays (PFD)
with overlays of heading, arspeed and dtitude on verticd and horizontd tapes An
atifica viev would be presented on the PFD, with mountains hills, obstacles and
arports rendered precisdy.” Especidly when coupled with weether and traffic
information, such an integrated sysem would improve dStuation awareness and could
help reduce aviation accidents caused by CFIT and runway incursion.

The mogt intuitive display of terain information would probably take the form of a
photo-redidtic, possbly full-color presentation usng an oblique, forward-looking point
of view. This egocentric point-of-view would enhance the pilot's sense of gpatid
orientation in the gpproach (tacticad) airspace. Terrain and agpproach symbology would
be presented on a full-color, flat pand LCD or possbly on a modified CRT. While flying
in any vighility condition less than pefect VMC, the pilot would be able to view the
approach environment (including mountains, hills, traffic, obstacles and arport details) in

CaB SVS CONOPS Applications
41



the same way as would be possble under ided visud conditions. Even during visud
approaches the SVS could darify the location of critical terrain features and improve SA.
By relying on accurae terran database information, this application would provide 1)
topogrephical  imagery auitable for aerid navigation, and 2) adequate warning of
dangerous proximity to terran. Moreover, a complete SVS would dso provide sensor
detection and display of obstacles (enhanced vison), daa link of traffic information and
the flight path of the aircraft.

A-6 Terrain Information to Controllers

This does not appear to be an arborne synthetic vison agpplication. Some participarts in
the SVS workshop highlighted that there is dso a need for synthetic vison technology in
displays for ATC controllers.  Posshilities include 1) providing the same 3D display of
terrain database and enhanced vison information to controllers that would be available to
pilots flying SVS-equipped aircraft; 2) comparing arport-based radar sensors to DGPS
and other pogtiond information to verify arcraft locations on the ground. In its ided
form this gpplication could provide a 3-D “God's-eye’ view of the approach (or
departure/en route) airgpace and traffic to controllers, including accurate terrain database
and obdacle information.  This gpplication would extend ATC display capabilities
beyond the current 2-D plan and vertica profile presentations.

Saf Separation (SS)

A-7 De-Conflict Approaches

An gpplication that would provide guidance to an arcraft to avoid a conflict, ether with
other traffic, terrain or obstacles. When the system detects that the current flight path has
a potentid conflict, an dternative route is displayed for the pilot to use to avoid the
corflict.

A-8 ldentify Traffic Ahead

Information provided by SVS equipment will dlow the flight deck crew to identify
and/or seethetraffic that is ahead.

A-9 Sdf-Separation

A gynthetic vison display sysem would dlow pilots to manage their in - trail separation
in ingrument as well as visud approaches. Separation distances based on carrier class
might be made more redigdic usng wake turbulence and runway occupancy informeation.
This information could be datainked to the cockpit. ADS-B date information from
surrounding arcraft could be displayed in a format that dlows management of separation
from any chosen target arcraft. Separation guidance could be distance and/or time based
with symbology appropriate to determine and improve performance.  Guidance might be
shown on the ND and be capable of being followed by the autopilot. The gpplication was
given ahigh priority rating.

CaB SVS CONOPS Applications
42



A-10 Land and Hold Short Operations (LAHSO)

This gpplication would provide gragphical overlays of symbology and deceleration factors
required for LAHSO. An SVS display could provide several improvements over current
guidance technology, including accurate postioning of the hold short line and a
dynamicdly-cdculated arcraft stop point symbol (“footbdl”) upon the photo-redigic
runway scene. Presentation of numericd information, such as the Criticdity Factor (ratio
of ‘estimated’ vs. ‘available stopping distance), would be provided on a HUD or PFD.

The ND woud show the own-ship location dong the arriva runway in a plan or “God's
eye’ view. The entire SVYS LAHSO implementation would be a highly integrated display
with multiple agorithms.  This disdlay could dso indude digance from threshold,
distance to hold short point, ramp speed of sdected exit prior to hold short point, wind
direcion and magnitude, desred and actud arcraft deceeration, ground Speed,
proximate aircraft, etc.

A-11 Runway Incursion

This application addresses the problem of one aircraft on the find gpproach to a runway
and a second arcraft, on the ground, taxiing onto the intended landing runway of the first
arcraft. This could be the result of a pilot error in misundersanding a clearance or a
controller error. The intruding vehicle could aso be a truck or other surface vehicle. An
erring aircraft could be preparing for a take off, in the process of taking off, or taxiing to
or from a ramp and crossng the runway. In a number of ways this is amilar to the
problem of an in-fligt traffic conflict. However, it is incumbent upon the approaching
arcraft to maneuver to safety given that the erring arcraft has not cleared the intended
runway within some amount of time prior to the scheduled landing. If the intruding
arcraft is in the process of taking off, the problem becomes even more smilar to the
paraled approach applications studied in the AILS problem. The approaching aircraft
would be required to maneuver to safety, probably executing a missed gpproach.

The SVS sysem would function to provide an image of the intruding arcraft as it taxis
on the runway. The system would aso incorporate cockpit derts to warn the pilots both
on the ground and in the agpproaching in-flight arcraft as the incident is evolving. The
derting could include a cautionary dert followed by a warning sgnding the flight crew
of the approaching aircraft to execute a missed approach.

The amount of equipment required on both aircraft or vehicles would depend upon the
detals of an implementation decided upon. The surface vehides including taxiing
arcraft may be required to smply broadcast their postion on the surface a dl times.
Alternately, some vehicles podtions could be detected by radar either onboard the
approaching arcraft or on the ground and data linked to the gpproaching aircraft.

Some of the dements of this goplication would adso depend upon the environment in
which it is implemented, in paticular in IMC or VMC. An important congderation in
desgning this gpplication will be to determine the role of the tower controllers. They
will require diplays of the best avalable information on the surface vehicle movement as
well as any information and derts presented to the arcraft, including a command to
execute a missed gpproach. (This agpplication was given a high priority by two of the
groups at the SV S workshop)
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A-12 A-13 A-14 Parallel Approaches

Smultaneous gpproaches to padld runways during ingrument flight rules (IFR)
conditions is an application that has been addressed from both a ground (Precision
Runway Monitoring) and a flignt deck (Airborne Information for Laterd Spacing)
perspective. Solutions might use both dependent techniques such as a pared staggered
approaches and independent techniques such as the flight deck based laterd spacing
system used in the AIL S research.

Crucid to the padld agpproach application is an ability to mantan both laterd and
longitudina separation from pardld traffic. This capability would be enhanced with
more accurate DGPS postion data, as well as better traffic pogtion information as
provided by the ADS-B sysem, and an ability to see traffic. An SVS sysem tha
provided a crew with traffic visudization in IFR conditions, as well as sdf separation
symbology on a CDTI display, and/or with AILS display capability could make
smultaneous pardld approachesin IFR feasble.

Emergency Management

A-15 Upset Recovery

Recovering from upsets such as might be induced by wake turbulence or some other
atmospheric phenomena, is easer for pilots in VMC when they can see features such as
the horizon out of the window. If the pilot in an SVS flight deck is provided adequate
red world like viewing by a display, peformance in recovering from upsets could be
gmilar tothet in VMC. Thiswill be gpplicablein dl of the airborne flight phases.

A-16 Missed Approach

When a landing cannot be accomplished while executing an instrument approach a
published maneuver referred to as a missed gpproach is avalable to put the pilot in a
more favorable podtion to exercise other dternatives to landing. Protected obstacle and
terrain clearance areas for missed approaches are predicated on the assumptions that the
aborted approach is initiated at the point and dtitude prescribed. Reasonable buffers are
provided for norma maneuvers however, no condderetion is given for an abnormd turn
out. Also, weether is certainly a factor in flying a missed approach and could influence a
pilot to deviate from the published maneuver.

Improved Operationd Capability/Piloting Aids/ Enhanced Hight Management

A-17 Transition from Instrumentsto Visual Flight

The trandtion from ingrument flight to visud flight is not dways a smooth process.
Especidly if there is traffic and terrain condderations to contend with when the trangtion
occurs.  With SVS this trandtion could be very smooth making for a more comfortable
and safer approach.
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A-18 Smulation Training

Hight dmulators could benefit from an SVS teran daabase and imaging capability.
The increased redism achievable from usng vdid terrain and obstacle data as wel as
recorded or live weather information displayed in red time could enhance training for
norma and nonnormd flight scenarioss.  Smulated traffic could be presented in a
forward-view display as well as on the ND. This capability of rendering an atificd
environment reasonably faithful to any proposed locetion is the same tool that would be
used in the misson rehnearsd application. The imagery and symbology would be the
duplicate of the actud synthetic envirorment thereby increesng the fiddity of the
gmulation.

A-19 Runway remaining

In this gpplication, the synthetic/enhanced vison sysem would display the runway
remaining. A didinction should be made in the display between raw (red) data and
computer (imagery) generated data.

A-20 CRM HUD/HDD

In this gpplication, the synthetic/enhanced vison sysem would provide the flying pilot
with a Head-Up Display of the extended runway centerline. The PNF would be provided
with a detaled magp on the navigaiond disolay. The database will have the runway in
view with &l the current obstacles and traffic. It would use an enhanced verson to show
the runway traffic.

A-21 Potential for Hand Flown Approaches

This gpplication provides the ability to fly the gpproach in IMC in a manner amilar to
flying the approach in VMC. This includes hand flying the gpproach and not having to
rely solely on insruments or an auto- coupled approach.

A-22 Reduced Minima ***

Currently no pilot may operate an arcraft a any arport below the authorized minimum
descent dtitude or continue an approach below the authorized decison height unless the
arcraft is continuoudy in a pogtion from which a descent to a landing on the intended
runway can be made. That is, the pilot must see the runway or some visud reference to
the runway. Further, for CAT Il and Il approaches the visua reference requirements are
even more gringent. An SVS may dlow gpproaches in lower minimums before requiring
direct visual references.

A-23 Required Time Arrival

This refers to arcraft flying over inbound fixes a prescribed times. Required time ariva
would be more beneficid for the termina controller than the en route controller. There is
less latitude for the termina controller to make up time differences for sequencing for
gpproaches than there is for the en route controller to have the aircraft fly over a crossng
fix and arrive a an inbound fix on time.
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A-24 Flare Guidance

Fare guidance is provided through the flight directors on the PFD. An SVS display
system adds the ability to see the runway syntheticdly in low vighility conditions. This
enhances the crew’ s Situation awareness.

Navigation
A-25 Altitude Deviation

It was not dtogether clear what was intended by this topic included in the notes presented
by one of the groups a the SVS workshop.  An dtitude deviation clearly refers to the
falure of a flight to maintain the dtitude assgned by ATC. Deviaion from an eectronic
flight path may dso be clasdfied as an dtitude deviation. One posshility of an SVS
application might be to dert the pilots of an dtitude deviaion and provide guidance to
correct the deviation. It is not clear that an SVS would be required to perform this
function, however.

A-26 Curved Approaches

SV'S can support Area Navigation (RNAV) and Required Navigation Performance (RNP)
approach procedures. These procedures provide expanded operationa capability in
comparison to traditiond draight-in ILS gpproaches. SVSwith itsincreased SA enables
safe flight of these procedures.

A-27 Guidance (Symbols)

This application addresses the use of synthetic vison to replace or supplement the
gudance information currently included in the PFD. It would therefore provide an
dternative to flying flight director and other information currently presented in primary
flight display ingruments usng red-world-like information of the type pilots acquire in
VMC out-of -the-window flying. This application is related to another proposed
aoplication refered to as teran referenced navigation.  The primary difference will
possbly be that instead of photo-redigtic illustrations being incorporated in the display,
the information presented will be in the form of symbols.

Implementing such an gpplication during approaches requires an accurate database of
terrain to support visua navigation and an acceptable representation of the horizon to ad
in keeping the wings level and turning. PFilots would operate smilarly to the manner they
operate in VMC except that the gtuation information will be provided by information
presented as symbols on the display. The information will be displayed on the PFD, ND,
or HUD. A variety of other innovative display technology methods could aso be used.

Requirements to support this application dso include accurate navigation information
that will enable the pilot to discern own ship location, such as could be provided by GPS
or DGPS. The display will depict the location of the own ship on a scene derived from
the database.

This could be implemented as an independent support tool when it would not be a
requirement for the approach.
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A-28 Improving approaches in challenging terrain

In this gpplication the crew will be given information in the synthetic/enhanced vison
disgplay that will improve gpproaches into chalenging terrain.  Such informetion could be
derived from a database designed to give an accurate depiction of the gpproach terrain
surrounding the arport.  The database will have the runway in view with dl the current
obstacles and traffic. It would use an enhanced verson to show the runway treffic. The
enhanced verson will aso dlow the crew to see the runway from the time they rollout on
find.

It is possible that an accurate database would give the crew the means for viewing the
chdlenging teran. NASA dong with NIMA utilized the shuttle to obtan a high
resolution digita topographic and image database of the Earth during a recent shuttle
misson. It is expected tha this information could be used to generate the database
necessxy for the SVS digplay in the flight deck. This would alow the crew to see the
terrain, judge its location, and avoid possble hazards associated with the terrain during
an gpproach into an airport with chdlenging terrain.

Taran, obdecle, and related flight information deta is avalable from a vaiely of
Government and private sector sources, such as, NIMA, ICAO, FAA, USGS, NGS,
Jeppesen Sanderson, and a variety of other companies in the commercia mapping,
sadlite and aerid survey indudries. The potentid for usng 3D and 4D imagery could
also be included in the digplay information for the gpplication.

A-29 Path Accuracy / Noise Abatement

This gpplication includes path guidance and energy management guidance in instrument
as wdl as visud flight rules to endble a quieter approach, laterd guidance to move the
noise footprint of the plane over less sendtive areas could be presented on a PFD or a
HUD. A synthetic forward view depiction of noise sendgtive areas to avoid might be
presented. Noise reduction might be achieved using idle descent approaches where the
pilot could be given energy guidance on the PFD. The verticad guidance would attempt
to bring the plane to alocation at a Specific time at idle thrudt.

A-30 VAS (Salf contained)

This onboard, sdf-contained VAS would supplement/replace ground-based visud glide
dope indicators. The SVS digplay of this verticd guidance ad would be especidly
helpful in limited visibility or when arfied equipment is missng or inoperative.
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B.2 Departure

Hazard Avoidance (Non-stationary / non-traffic hazards)

D-1. Weather/Windshear
D-2. Wake Avoidance***
D-3.  Noise Abatement
D-4. Bird Srikes

D-5. SO Runway 19***

Sdf-Separation and Spacing

D-6. VFR Separation***

D-7.  Runway/Path Incursion

D-8. Aircraft Separation / Avoidance***
D-9. VFRtraffic Identification***

Emergency management

D-10. Engine Out/Emergency Stuations
D-11. Rejected Takeoff (RTO)

Improved Operational Capahility/Piloting Aids/ Enhanced Flight M anagement
D-12. Uncontrolled (feeder/divert) Airports***
D-13. Reduced Minima***

D-14. Triple and Quad Departures
D-15. Smart Box (Enhanced flight Management)

Navigation
D-16. Terrain Navigation***
D-17. Navigation (SDs)***
D-18. Non-Sandard Go Around***
D-19. Route Depiction***
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Descriptions and Notes

Hazard Avoidance (Non-stationary / non-traffic hazards)

D-1 Weather/Windshear

SVS could provide a 3D visudization of severe wesather hazards ncluding wind shear. If
linked to wind shear detection and prediction equipment, SVS could digplay tactical as
well as advisory information.

D-2 Wake Avoidance***

The description of this gpplication is the same as tha given in A-4. The two applications
possibly should be combined into a sngle description such as the one provided in A-4.
The application is of increased interest in closaly-spaced paralel approach environments.
It potentidly has dmilar interest in the departure environment and could impect the
ability of aircraft to depart on closdy-spaced parale runways.

D-3 Noise Abatement

This gpplication includes path guidance and energy management guidance in instrument
as wdl as visud flight rules to enable a quieter departure latera guidance to move the
noise footprint of the plane over less sendtive areas could be presented on a PFD or a
HUD. A synthetic forward view depiction of noise sendtive areas to avoid might be
presented.

This gpplication is aso gpplicable to the approach phase.

D-4 Bird Srikes

Preventing bird drikes is of high interest to arcraft operators. Of particular concern is
the posshility of ingesting birds into jet engines that can result in serious damege and
engine los. This application would gpply FLIR to detect birds in the airport departure
aess and display the hazard to the pilots in a manner S0 as to ad in minimizing the
possbility of a bird srike. The location of the birds would potentidly be shown on the
SVSdisplay. Thiswould dso be avauable application during approaches.

D-5 SFO Runway 19L (closely related to terrain/navigation avoidance)* * *

SVS can hdp guide through the SFO 19L departure navigation (tunne in the sky) and
overdl can dlow takeoffs in reduced visud minimums. 2000-foot terrain south of SFO
can be depicted for hazard avoidance and noise abatement avoidance.

Sdf-Separation and Spacing

D-6 VFR Sgparation***

A synthetic vison display sysem would dlow pilots to manage ther in-trall separation in
ingrument as well as visua departures. Separation distances based on carrier class might
be made more redidic usng wake turbulence information. This information could be
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data linked to the cockpit. ADS-B date information from surrounding arcraft could be
displayed in a forma tha dlows management of separation from any chosen target
arrcraft. Separation guidance could be distance and / or time based with symbology
appropriate to determine and improve performance. Guidance might be shown on the
ND and be capable of being followed by the auto pilot.

D-7 Runway/Path Incursion See Approach Application A-11.

D-8 Aircraft Separation/Avoidance* * *

A synthetic vison display sysem would dlow pilots to manage ther in-tral separation in
instrument as well as visud departures. Separation distances based a carrier dass might
be made more redidic usng wake turbulence information. This information could be
data linked to the cockpit. ADS-B date information from surrounding arcraft could be
diplayed in a forma tha dlows management of separation from any chosen target
arrcraft.  Separation guidance could be disance and/or time based with symbology
appropriate to determine and improve performance. Guidance might be shown on the
ND and be capable of being followed by the autopilot.

A gynthetic forward view depicting teran and obdacles with icons identifying
proximate traffic would provide the ability to maintain visud contact in IFR conditions.

D-9 VFRtraffic Identification***

Traffic information in an SVS could be displayed on the ND and as icons in a forward
view synthetic depiction of terrain. In VFR conditions traffic would be depicted on a
CDTI-like navigaion diglay usng ADS-B informetion. The increesed amount,
accuracy, and frequency of the ADS-B data (over TCAS), would enable traffic icons to
have more informative data tags, as well as potentid added capability such as graphica
trend information. This gpplication has good vauein dl four phases of flight.

Emergency management

D-10 Engine Out/Emergency Stuations

This gpplication incorporates in an SVS, information regarding the course of action, in
paticular the flight path to return to the arport in an engine out Stuation during
departure.  The path to follow will be generated by onboard adgorithms using arcraft
performance data and terrain and other airgpace condraint database hosted information.
The algorithms will aso incorporate congderation of rdevant westher information that
will possbly be provided to the sysem via data link. The recommended path may be
presented in the forma of a tunnd in the Sky or a path over the ground. The implication
is that the SVS data will provide the course to pursue in a easly interpretable format for
the pilots.

To develop this agpplication, dgorithms that can derive such a path for generic termind
environments, or arport specific dgorithmswill have to be developed and evaluated.
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This application relates to the terran navigaion and noise abatement gpplication
(Departure gpplication D-4). It could aso enable arcraft to depat in unfavorable
wesether with increased cgpability to return to the airport in the event of an emergency.

This gpplication is adso be gpplicable to en route and approach phases.

D-11 RTO

This gpplication utilizes synthetic vison technology to asss the pilot in takeoffs by
meking rgected-tekeoff information more convenient.  This will be accomplished by
integrating such information into the primary visud information being used. An SVS-
basad PFD or HUD would incorporate RTO information.

The information would be of the type conventiondly displayed on the PFD in current
operations or it would use more advanced formats of the nature developed in the NASA
ROTO program. The information would be intended to provide improved Stuation
awareness of runway remaining, and other parameters related to completing the takeoff.
In additiond to showing runway remaining, the information presented could include
stopping distance caculations and incorporate related advisory displays.

Improved Operationd Capability/Piloting Aids/ Enhanced Hight Management

D-12 Uncontrolled (feeder/divert) Airports***

A number of arports do not have an operating control tower. They are referred to as
uncontrolled airports.  As the term implies, traffic separation and sequencing is the
responsibility of the pilots operating a that arport.  Primaily, GA arcraft use
uncontrolled arports, but on occason CaB aircraft use these arports as a feeder arport
or as a diverson arport. Egress and ingress to these airports, especidly for IFR arcraft
can conflict with uncontrolled VFR traffic. Also, these airports generdly don't have a
dandard arriva or departure procedure making it very important to know the terrain and
obstacles in the airport area.

D-13 Reduced Minima***

SVS can dlow takeoffs in reduced visud minimums — CAT IlI/lII&11Ib with a potentid
for Illc with emergency vehicle and gate operation support. One of the possbilities of
this gpplication is that by usng synthetic vison capabilities, runways that are rated, for
exampleas Typell, may be used in CAT Illaconditions.

D-14 Triple and Quad Departures

Some airports have smultaneous departures, either on parale or diverging routes. When
more than two arcraft are departing in pardld, the Stuation becomes very criticd if the
middle arcraft has some sort of emergency and has to deviate from its standard path. It
could drift into the path of the other departures creating a hazardous Situation.
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D-15 Smart Box (Enhanced flight Management)

SVS coupled with enhanced flight management capabilities can better support RNAV,
and RNP procedures and potentialy, rea-time flight planning.

Navigation

D-16 Terrain Navigation/Avoidance* **

Could aso lead to emergency and noise abatement and aid in missed approaches. Using
a terrain avoidance database a procedure would be developed to aid the pilot in CFIT
conditions dong with the synthetic/enhanced vison sysem.  This agpplication can dso be
used for approaches (see approach application A-28) and en route.

D-17 Navigation (S D)***
Supplement to departure application D-16.

SVS can hdp provide guidance through the SID navigation (tunnd-inthe-sky) and
overdl could dlow takeoffs in reduced visud minimums — CAT Il/lllalllb with a
potentid for 111c with emergency vehicle and gate operation support.

D-18 Non-Sandard Go Around***

All approaches have a published missed approach procedure (standard) that keeps the
arcraft away from hazardous terrain and obstacles. In mogst cases, an arcraft that is
executing a missed gpproach is given radar vectors (non-standard) by air traffic control in
lieu of the missed approach procedure. This is done because of traffic or some other
conditions the controller sees as being criticd to a safe operation. The radar vector
technique is aso viewed as a more efficient way of managing traffic.

D-19 Route Depiction***

In this gpplication the crew would be given information on the synthetic/lenhanced vison
display that would depict the route of the arcraft i.e a tunnd in the sky. Such
information could be derived from a database designed to give an accurate depiction of
the departure terrain surrounding the arport. The database will have the runway in view
with dl the current obstacles and traffic. It would use an enhanced verson to show the
runway traffic. The enhanced vison will dso dlow the crew to see the runway from the
time they rollout on find until departure. 1t would be used to prevent dtitude deviations
whilein flight.
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B.3 EnRoute

Hazard Avoidance (Non-traffic hazards)

E-1. Weather***
E-2. Turbulence
E-3. CFIT (Low altitude en route)***

Sdaf Separation and Spacing

E-4. Coallision Avoidance
E-5. Traffic Awareness
E-6. Visual Separation***
E-7. Sation Keeping

Emergency management

E-8. Emergency Descent
E-9. Drift-Down/Emergency Descent* **
E-10. Enroute Diversion/ Loss-of-Control Recovery***

Extended or Improved Operationd Capability Piloting Aids / Enhanced Hight
Management

E-11. Mission Planning/Rehearsal***
E-12. Initial Climb/Descent

Navigation

E-13. Oceanic Aircraft Location - ADS-B
E-14. 4D Navigation, En route Optimization
E-15. Specid Use Airgpace/ Airspace Depiction
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Descriptions and Notes

Hazard Avoidance (Non-traffic hazards)

E-1 Weather***

Three dimengona, pictorial depiction of radar and/or data-linked informetion of red-
time (nowcast) and forecast weather. Wesather information depicted should be prioritized
by hazard type and include icing, mountain waves, jet Stream awareness, Clear ar
turbulence, etc.

E-2 Turbulence

There are bascdly two types of turbulence encountered by aircraft: 1) Wake turbulence
is produced by arcraft in the form of counter rotating vortices trailing from the wingtips.
These wakes can impose rolling moments exceeding the rolling control authority of the
encountering arcraft. 2) Clear air turbulence is creasted by amospheric conditions. This
phenomenon has become a very serious operationd factor to flight operations at dl levels
and especidly to arcraft flying in excess of 15,000 feet. Turbulence generated by ether
of these types can damage aircraft components and equipment.

E-3 CFIT (Low altitude en route)***

In this gpplication the crew would be given information in the synthetic/enhanced vison
disolay that would improve low dtitude en route flight in CHIT conditions Information
could be derived from a database designed to give an accurate depiction of the terrain.

It is possble that an accurate database would give the crew the means for viewing the
chdlenging teran. NASA dong with NIMA utilized the shuttle to obtain a high
resolution digital topographic and image database of the Earth during a recent shuttle
misson. It is expected that this information could be used to generate the database
necessary for the SVS digplay in the flight deck. This would dlow the crew to see the
terrain, judge its location, and avoid possble hazards associated with the terrain during a
low dtitude en route flight.

Terran, obdacle, and rdaed flight information data is avaldble from a vaiety of
Government and private sector sources, such as, NIMA, ICAO, FAA, USGS, NGS,
Jeppesen Sanderson, and a variety of other companies in the commercid mapping,
satellite and aerid survey indudtries.  The potentid for usng 3D and 4D imagery could
also be included in the display information for the application.

SAf Separation and Spacing

E-4 Collison Avoidance

In this application synthetic/lenhanced vison will address collison avoidance during the
en route phase of flight. SVS would provide an image of the intruding arcraft and its
postion with respect to the own ship or nonintruding arcraft. The system would use a
series of dertsto warn the crew of an impending collison.
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E-5 Traffic Awareness

In this gpplication syntheticlenhanced vison would dlow the crew to identify traffic
through dl the phases of flightt The sysem would provide an image or icon of an
intruding or approaching arcraft. A system of aerts would be incorporated to warn the
cew of the gpproaching arcraft.  This would, possibly, give the crew automatic
Separation assurance. This application could aso be gpplicable to the approach, ground
operations, and departure phases of flight.

E-6 Visual Separation***

This gpplication involves usng an SVS a separdion tool in VMC to peform visud
separaion during a step climb in the en route phase. The arplane would be able to make
a more fud efficient gradua climb. A CDTI could provide accurate postion information
of surrounding traffic, and a spacing tool such as that employed for sdf separation might
be used to provide separation during a climb. Wake vortex and wegther information
would be incorporated into the spacing function and perhaps depicted in a useful way.
This guidance could be flown manudly or with an auto pilot.

E-7 Sation Keeping

En route station keeping can benefit from the same technology that enables an SVS sdf
separation capability A synthetic vison disolay sysem would dlow pilots to manage
thar in-trall separation in high or low vishility westher. Separation distances based on
carier class might be made more redidic usng weke turbulence information. This
information could be daa linked to the cockpit. ADS-B dae informaion from
surrounding arcraft could be displayed in a format that dlows management of separation
from any chosen target arcraft. Separation guidance could be distance and / or time
based with symbology appropricte to determine and improve performance.  Guidance
might be shown on the ND and be capable of being followed by the autopilot.

An SVS display sysem could provide a synthetic forward view with iconic
representation of traffic enabling a visud separation capability in a low visibility
environmen.

Emergency management

E-8 Emergency Descent (engine out, etc) Terrain Avoidance

In ingances of en route flight where arcraft are required to descend to lower dtitudes
than initidly planned by the crew (usudly due to engine falure), avoiding terran can
become an important safety issue.  Typicd reasons for such descents include engine
trounle and other maintenance related condderations as well as avoiding turbulence.
This is paticulaly a problem in flight over mountainous arees.  Rilots familiarity with
the terrain and exact knowledge of the location of high terrain festures such as hill and
mountains are important issues related to descending safely to lower dtitudes. Accurate
knowledge of the postion of the flight relative to extending terrain fegtures is aso a key
issue.
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A SVS would provide an accurate data-base-supported map of any region of flight and
accurate podtioning of the arcraft relative to teran features. An gpplication of this
nature could aso incorporate aerting of dangerous flight profiles based on navigation
data and the terrain database. It could also, or aternately, be coupled witha TAWS.

E-9 Drift-Down/Emergency Descent***

Driftdown is the loss of capability to maintain dtitude (loss of arspeed and lift) that may
follow the complete or near-complete shutdown of one of more engines. The so-cdled
driftdown dtitude is a known characterigtic a a given arcraft weight. It is a consequence
of a powerplant problem, not just something that occurs on a cortinuous bass. The
management of dngle-engine performance of multi-engine arcraft may become more
difficult if the cdculated sudaindble sngle-engine flight dtitude is lower than that
required for safe terrain avoidance. Emergency descent is when an arcraft has a problem
that requires an immediate descent to a lower dtitude. The most typical reason for
emergency descent is a loss of pressurization where the arcraft has to descend to an
dtitude (usudly below 10,000 feet) rapidly. SVS technology has the potentid for use in
disgplaying caculated profiles for safe descent in these Stuations where a falure has
occurred. In an application, agorithms supported by an appropriate terrain database
would determine a safe descent profile.

E-10 En route Diversion/ Loss-of-Control Recovery***

During an emergency depressurization or engine loss, this sysem enables the flight crew
to “be ahead of the arplaneg’ and perform segmented or full misson rehearsas during the
diverson or loss-of-control dtuation.  Through a datdink, controllers and airline
operations personne could be intuitively (or visudly) aware of the flying Stuation and
hazards and better consult with and advise the aircrew in real-time decision making.

Extended or Improved Operationa Capability PRiloting Aids / Enhanced FHight
Management

E-11 Mission Planning/Rehearsal***

This sysem enables the flight crew to “be ahead of the arplang’ and perform segmented
or full misson rehearsds. This sysem is not condrained to flight phase and coud be
implemented even outdde the arplane in the arfidd/arline operations center for pre-
flight use by the misson crew.

E-12 In-trail Climb/Descent

En route dtitude changes could benefit from a sdf-separation tool using the enhanced
precison and frequency of ADS-B information displayed on a CDTI-like navigaion
display. Climbs and descents could benefit from wake turbulence information factored
into separdtion dgorithms.  In low vighility conditions traffic and wake turbulence
information might be displayed in aforward-view synthetic vison display.
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Navigation
E-13 Oceanic Aircraft Location — ADS-B

This gpplication involves the use of SVS technology to display location of the own
arplane and proximate traffic to the pilot. ADS-B will provide the location of traffic
operating in the area  This SVS technology could aso be used for en tral dimbs and
descent. It may aso have application in wake vortex offset in transoceanic operations.

E-14 4D Navigation, En route Optimization

4D navigdion is important to arlines in achieving ontime operation gods, specificaly
in getting thar flights into the termind area 0 that they can land and meet connection
requirements. A part of this condderation is to be able to use efficient routes that save
fud in gdting to dedinations. This cgpability may become increasngly important as
methodology such as pared staggered approaches are implemented in termind area
approach environments.

E-15 Special-Use Airspace / Airspace Depiction

Specia use airspace is airspace where activities may be confined because of the nature of
activity in that argpace or on the ground. Due to these activities certain limitations may
be imposed on the use of this airgpace.  Airgpace depiction would outline areas where air
traffic control authorization would be required to fly into that area This gpplication can
be used for dl phases of flight.

" Specia Use Airspace includes; Alert Areas, Controlled Firing Areas, Military Operating Areas,
Prohibited Areas, Restricted Areas, and Warning Areas.
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B.4 Ground Operations

Hazard Avoidance (Non-traffic hazards)

G-1. Obgacle Avoidance

G-2. Aircraft Clearance Awareness* * *
G-3. Decing Station

G-4. Gaes

Salf Separation and Spacing

G-5. Runway Incurgort**
G-6. Runway Incursion Detection and Accident Preventior® **

Emergency management

G-7. RTO
G-8. SVSonEmergency Vehices

Extended or Improved Opeaaiond Capability Piloting Aids / Enhanced Hight
Management

G-9. Misson Rehearsal***

G-10. Ground Equipage for CAT Illc***
G-11. Rollout/Runway Based Cues
G-12. Turn Off and Hold Short

G-13. Speed Awareness

G-14. Language Bariers

Navigation
G-15. Taxi Guidancein Low Vighility
G-16. Precison Control
G-17. High Vighility Taxi Guidance
G-18. Taxiway Excursons
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Descriptions and Notes

Hazard Avoidance (Non-traffic hazards)

G-1 Obstacle Avoidance

In this application, the synthetic/enhanced vision display could be used to detect birds or
other unknown objects in the approach arspace or runway area.  Some type of sensng
device would be needed since a database would not show the bird, objects, or obstacles
on the runway. It would ade in detecting condruction aress, ground vehicles, and some
wingtip awareness.

The capability will dso have goplicability in the approach and departure phases of flight.
This application could aso be used with ground vehicles such as fire trucks, etc.

G-2 Aircraft Clearance Awareness***

This means providing an intuitive depiction of the current arcraft clerance — with
guidance as necessary. The pilot and co-pilot could use such a system to seer/taxi the
arcraft in dl weather conditions.

G-3 Deicing Sation Guidance

This gpplication involves the issue of deay between the time an arplane has been
serviced by decing equipment and the time it takes off. This time dday is affected by
the arport traffic, clearances, weather, ground vishility, and the &ability to efficiently taxi
to the correct runway. An SVS system depicting a synthetic view of the arport runways,
and traffic, could provide optima guidance to the correct runway and deicing dations.
The &bility to navigae in low vighility conditions as wel as is possble in dear
conditions dong with the guidance to the correct runway could reduce the rate of
multiple deicings. Guidance might conds of a runway map with cues usng the plan€s
postion information. Guidance might aso be more tactical in gopearance using a flight
director like system imposed on a synthetic forward view.

G-4 Gates (movement in the vicinity of)

At some airports the area around the gate is in an airport non-movement area. That is, dl
movement to and from the gate is a the pilot's discretion and does not come under air
traffic control jurisdiction. This SVS gpplication involves providing Stuaion awareness
information such as a view of the gate rdative to the podtion of the arplane so tha the
pilot can dign and park at the gate and operate more safely in the vicinity of the gate.

SAf Separation and Spacing

G-5 & G-6 Runway Incursions*** See Approach application A-11.
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Emergency management

G-7 RTO

This agpplication utilizes synthetic vison technology to asss the pilot in takeoffs by
making regected-takeoff information more conveniently available to him or her.  This will
be accomplished by integraing such information into the primary visud information
being used. It is envisoned that an SVS-based PFD or HUD would incorporate RTO
informetion.

The information would be of the type conventiondly displayed on the PFD in current
operdtions or it would use more advanced formats of the nature developed in the NASA
ROTO progran. The information would be intended to provide improved Stuation
awareness of runway remaining, and other parameters related to completing the takeoff.
In additiond to showing runway remaning, the information presented could include
stopping distance calculations and incorporate related advisory displays.

G-8 SVSon Emergency Vehicles

In emergency dgtuations rapid response of ground vehides is important.  Vehicle
guidance showing the mogt direct safe route to an accident would save time. This could
be depicted on an arport map HDD. In conditions of limited vighility the guidance
might additionaly be digplayed as tacticd cues on a HUD with a synthetic image of the
forward view of the arport. Enhanced vison sensors might provide postion information
of dynamic obstacles.

Extended or Improved Operationd Capability Piloting Aids / Enhanced Hight
Management

G-9 Mission Rehearsal***

The cgpability enabled by SVS will provide the pilots with the &bility to practice missons
prior to having to peform them in flight. This sysem endbles the flight crew to “be
ahead of the arplang’ and perform segmented or full misson rehearsds. This system
could be implemented even outsde the arplane (in the arfidd/arline operations center
for pre-flight use by the misson crew).

G-10 Ground Equipage for CAT Illc***

There are numerous ground components that support any ILS category approach. The
more adverse condition or redtriction to vishility the more components are required. For
CAT Il operation an approach light system, touchdown and centerline light system,
runway light system, taxiway lead off light system and RVR system are necessary.

Only sdected arports have CAT Il gpproach capability. This is due mainly to lack of
ground equipment.  Consequently, when the gpproach minimums are lower than the
highest category approach at that airport, approaches are suspended.

When an agpproach is conducted to an arport with CAT IIl capahility, the vishility is
usudly extremdy low causng grester caution when exiting a runway; consequently,
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traffic flow is reduced. With SVS, traffic could exit the runway quicker dlowing for a
greater ariva flow to that arport. Also, the ground equipment would not be critical to
display the approach to the runway, runway outline and centerline, and lights leading to
the taxiway.

G-11 Rollout/Runway Based Cues

After touch down during a landing operation, the next task of the pilot is to exit the
ruway. This task includes lowering the speed of the arcraft and turning onto an exit
ramp. Only after that operation has been successfully completed does the runway
become available for the next takeoff or landing. Conducting the rollout and turnoff
safdy and efficiently has both safety and operationa implications.

In this gpplication, the pilots will be provided an accurae view of the location of the
runway, its edges, and the turnoff ramp locations relaive to the location of the own
arplane. It is envisoned that the view will be presented as a dynamic grgphic illugration
disilayed on an ingrument-pane-mounted display surface (CRT or flat pand display) or
presented in a HUD. The location of the own arplane would be determined from DGPS
technology and the location of the relevant airport features from a database.

NASA LaRC has conducted research in this technology (Ref 2).

G-12 Turn Off and Hold Short***

Runway markings to direct turnoff to a taxiway is displayed as a solid ydlow line turning
into the taxiway. Runway hold short markings are four yelow lines, two solids and two
dashed, perpendicular to the taxiway or runway where the hold short isto occur.

G-13 Speed Awareness

After landing, an arplane must be brought under control in order to safely turn off onto a
runway exit. Exiting sooner decreases ROT. A pilot's ability to control speed to a leve
dow enough to safely turn off onto a given exit could be aided by a display showing the
predicted postion and speed of the arcraft given the current thrust settings and braking
condition. Having such a disglay reflect changes in thrust and braking dynamicaly
would give the pilot feedback measuring the effectiveness of control inputs. The postion
and speed information might be superimposed on a synthetic runway display. Speed
guidance to the “next” exit might be provided in addition.

G-14 Language Barriers (Smilar to ground operation application G-2)

This means providing an intuitive depiction of the current arcraft clerance — with
guidance as necessary. The pilot and co-pilot could use such a system b Steer/taxi the
arcraft in al weether conditions.
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Navigation
G-15 Taxi Guidance in Low Visibility

SV'S can support low-vighility taxi operations by providing turn, hold-short, ATC
clearance, and pathway guidance and projection to the flight crew.

G-16 Precision Control

This gpplication addresses the problem of enabling arcraft to operate on the arport
suface when the out-of-the-window view is hampered by fog or precipitation. In many
dtuations, ever if arcraft could land they would be undble to taxi safely to the gate.
Also, because of poor vighility, occasondly, arcraft are unable to taxi safely from the
gate to the runway.

This gpplication incorporates guidance information made available to the pilots to operate
on the surface of arports when the visibility is low. The operations involved include taxi
between the gate and the runway. These are low speed operations where surface
navigation and obstacle clearance are of primary importance to achieve operationd and
safety benefits LVLASO is the primary NASA research addressing this gpplication. Its
information is displayed on a monitor mounted in the forward flight deck instrument
display pand. It incorporates a planview illusration of the arport layout showing the
runways, taxiways, dtructures and fixed equipment that ae factors in navigaing and
sdfety, the pogtion of the own arplane and other surface traffic. This concept includes
the use of DGPS for accurate postioning and ADS-B to enable an aircraft to broadcast its
own position and receive the broadcast postion of other traffic operating on the surface.
The concept would include having such postioning equipment onboard both arcraft and
service vehicles operating on the surface.

G-17 High Visibility Taxi Guidance

SV'S can enhance what the pilot sees now in good (high) vishility with an intuitive
depiction of turn, hold-short, ATC clearance, and pathway guidance and projection to the
flight crew.

G-18 Taxiway Excursions (related to G-16 Precision Control)

SV'S can prevent excursions from the pavement in low and normd visihbility by derting
flight crewsto potentia taxi errors.
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Appendix C — Scenario of Gate and Ramp Area Operations

To fully appreciate the complexity of operations in the immediate gate and ramp  aress,
the following scenario is offered. Many of the specifics are of course airport, arcraft,
and airline dependent.

Aircraft Servicing

An aircraft, operated by a mgor U.S. arline, is parked a a gate in a large domestic
arport. As is cusomay in the indudry, the arline employs the "bank" concept a this
hub. That is, large numbers of arcraft arrive, discharge passengers, are serviced, board
passengers, and depart within a tota time span of about an hour and a hdf. Nearly dl of
the more than 50 gates available & maor terminds are involved. It is not unusud for a
scheduled flight to arive at a gate within five minutes of the scheduled departure of the
previous aircraft.

Because of the gshort turnraround time, most normaly required service personned,
equipment, and parts (common avionics, built-up wheds and tires, and cabin items such
as seat covers and coffee makers) are avalable in the ground leve of the gate area.
Service lanes connect the gates and provide access to the lower baggage facility, lavatory
svice, and other operations.  Vighility as low as 150 feet should not sgnificantly
impact norma servicing of the arcraft by these support functions. Experience has shown
that in conditions of very poor arport vighility, the gate area enjoys noticesbly better
vighility. That is probably due to heating from the many surface vehicles and additiond

high-intengty lighting.

Other support is located some distance from the gate area Emergency equipment,
athough rarely required, is located a one or more facilities near the runways. Food
Service is often contracted, and will be located in a centra kitchen gpart from the gate
aea Fuding is normdly accomplished by connecting to an underground system, but at
some airports, fuel trucks are gill used and mugt be filled at a remote tank fam. Each of
these services is vulnerable to weether or surface-condition delays.

Many arlines dece arcraft by means of mobile deicing rigs Decng fluid is often
replenished a a remote location, typicdly the arlineés maintenance hangar. Conditions
cited above that impede vehicles would aso impact deicing trucks.

Aircraft Pushback and Engine Start

Most operators use a pushback procedure where a tractor (tug) pushes the aircraft away
from the gate and positions it on the ramp area or taxiway ready to proceed under its own
power. In some cases, paticularly a very smdl dations, the arcraft will taxi avay from
the gate under its own power. Some airplanes (B-727, DC-9, MD-80/B-717) are capable
of usng their own reverse thrust to power-back from a gate.

" Ramp— Areaof an airport that is controlled by an airline. Includes gate operations for several gates.
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The arline Maintenance Lead has authority over the arcraft and pushback until the tow
bar is disconnected from the nose whed and a sdute exchanged between the Lead and
the arcraft Captain. At that moment, the Captain is in command of the arplane and
makes dl decisions regarding operation.

An arline Ramp Controller manages vehicle and arcraft movement to a physca point
where ATC assumes responshbility for surface operations. At large arports, a team
manages these functions, with each individud having specific responghilities.  Often, a
supervisor will oversee the operaion from a smal ramp tower. The Maintenance Lead in
charge of pushback of a specific arcraft requests clearance via radio from the Ramp
Controller.  The Ramp Controller monitors arcraft postions within his jurisdiction by
means of drategicaly placed video cameras a each gae  When the clearance is
received, the Lead advises the cockpit to "...release brakes” This is acknowledged by the
flight deck, and the arcraft is pushed onto the adjacent taxiway. Some arplanes dart
engines prior to or during pushback while others do not stat engines until the tug is
disconnected from the arcraft. Until the tow bar is released and sdutes exchanged, an
SVSwould be of little vaue to the aircraft in this type of scenario.

Although the scenario represents operations a large hub-type arports, feeder arports
could aso derive sgnificant benefits from SVS applications. For example, RTCA DO-
242 dludes to sgnificant savings if the two to three ‘marshdlers required in some very
low vishility pushback operations could be reduced to one with appropriate on-board
depiction of other arcraft with respect to own-ship. Vighility in the range of 150 to
600 ft could benefit from an integrated SVS system, one that includes essentid ground
vehides in the plan. Any sysdem that has a god of VMC-equivdent operation in
goecified visibility conditions must provide a solution for ground vehicles operating
outsde of the immediate gate area. The crash, fire, and rescue (CFR) equipment and
savicing vehicles need to operae safdy and efficiently. The FAA recommended EV-
type of equipment for such ground equipment in an advisory circular Driver’s Enhanced
Vison Sygem (DEVS), FAA AC-150/5210-19, December 1996.
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Appendix D — Redtrictions and Proceduresfor Departure

Sngle Runway Departures

The following are typica VMC redtrictions and proceduresin single-runway departure
environments.

1. There are standard take-off minimums for commercid air carrier operators
applicable to the mgority of runways in the country. For aparticular runway, the
minimum may be standard or as otherwise pecified for the runway in the U.S.
Termind Procedures publication. \When the minimums for a particular runway
are specified, they supersede the standard requirements, are generally more
stringent, and will typicdly indlude a ceiling. In addition, they frequently include
requirements to clear terrain features or other obstacles.

2. ATCwill dlear theflight for takeoff, ensuring thet there is no other traffic cleared
to that runway and no other instrument traffic cleared to the same airspace,

3. Thetower controller is normaly expected to see the runway, or at leest verify,
that the runway is clear of traffic before atake-off clearanceisgiven. Airport
Surface Detection Equipment (ASDE) and CPDLC can assist the controller in
supporting low-vishility ground operations leading up to the departure.

Paralldl Runway Departures

In pardle departure operations, either the tower controller or the pilot will have
responsbility for separation. The pilot may be given the responsbility by way of the
controller ascertaining that the pilot can see any pardléd traffic and will accept the
respongbility (visua separation). When the tower controller retains the responsbility,
normal procedura separation will beimposed. One aircraft will be vectored to an
appropriate diverging course, or amiles-in-trail spacing rue will be applied. The tower
controller dso has the option to visudly separate the aircraft and not apply standard
separation for as long as the aircraft remain in the tower's airgpace and can be seen.

The pilot must fly the expected departure route. They will most often be cleared to fly a
standard instrument departure procedure (SID) or some other course at the controller's
direction.

Parallel Departuresin VMC (Parallel runways spaced 2500 feet - 4300 feet)

Pardle departures can be accomplished in VMC with the following regtrictions for
runways spaced greater than 2500 feet but |ess than 4300 feet.

" Where there is no conflict with parallel departures closer than 4300 feet laterally or departures from a
crossing runway.
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1.

2.

3.

Aircraft may be cleared to depart smultaneoudy if responsibility for separation is
handed off to one or both of the flights (visual separation).

The tower controller will normaly vector the departing aircraft onto appropriate
diverging courses immediately after takeoff.

The tower controller has the option to assume visud separation respongbility and
not put the arcraft on diverging courses. However, some form of standard
separation must be applied before the aircraft departs tower airspace or the tower
controller loses visud contact with the aircraft.

Parallel Departuresin VMC on closaly-spaced (less than 2500 ft) runways

There are conditions in departure operations that enable aircraft to depart airportsin
VMC when the runway separation is closer than 2500 feet. When those conditions
cannot be met because of vighility that is below minimums, restrictions are placed on the
departure operations that reduce the number of departures.

1

The primary difference between this case and the 2500 to 4300-foot case is that
now the controller has to be concerned with wake turbulence between the flights
on adjacent paralels.

The controller will vector the departing flight to diverging pathsimmediately after
takeoff, or gpply wake turbulence separation sandards. (Aside: Depiction of
wake turbulence in an SV S display could provide the operationd flexibility of
transferring wake avoidance from ATC to the pilot.)

Parallel departuresin IMC on runways laterally spaced 2500 feet or more.

1

2.

Wake turbulence separation is not required between traffic on adjacent parallels.

ATC will procedurdly turn one of the pardld flights to an appropriate divergent
heading immediatdly after takeoff.

ATC maintains separaion respongbility in IMC since the pilot will not be able to
seethetraffic.

Parallel Departuresin IMC closer than 2500 feet

In IMC conditions, when pardlel runways are spaced closer than 2500 feet, the runways
are treated as a single runway operation. Aircraft cannot be cleared for takeoff from
either runway until the required separation is established.
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Appendix E — Operational Benefit Analysis

The discusson in this section is adapted from a NASA sponsored operationa  benefits
study conducted by the Logistics Management Ingtitute (LMI). See Reference 5.

This is a review of the results of the andyss and therr implications for the synthetic
vision system Concept of Operations.

Review of reaults

The benefits from SVS and related technologies can be included in the following
categories that are listed in the order of increasing impact:

reduced runway occupancy timein low vishility

reduced departure minimums

reduced arriva minimums

converging and cirding arivads use of dud and triple runway configuraions
in IFR conditions

reduced inter-arriva separations

independent operations on closely-spaced pardld runways

In addition to these, the ability of SVS to support VFR tempo low visbility ground
operations, while not directly affecting airport cgpacity, is vitd to redizing other benefits.

Reduced Runway Occupancy Time

Runway occupancy times ae edimaed to increese 20% with low vighility, wet
conditions. The NASA Roall-Out and Turn-Off technologies that are included with SV2
and SV3 [leves of implementaion (see Table E-2)] are assumed to diminate the 20%
pendty. With SV2, ROT reductions will have no impact in low vishility conditions
because arrivd arcraft separations are determined by miles-in-tral (MIT) requirements.
With SV3, the MIT separations are reduced and the ROT reductions provide some
benefit. Delay modd results for SV3, with and without the ROT reduction, indicate that
ROT reduction has a reaivey smdl effect on the benefits from reduced miles-in-tral
Separations.

Reduced Departure Minimums

Head-up guidance systems, enhanced vison systems, and SVS will dl dlow reduction of
the 700-foot minimum departure vighility. Aircraft with head-up guidance systems are
dready authorized to depart with 300-foot vighility. The minimum is based on the
ability of the arcrew to see the runway centerline and to safely control and stop the
arcreft if an engine fals. The modd results indicate that the potentid benefit from the
reduced departure minimum ranges from $3M per year a Minnegpolis to $51M per year
at Sesttle.
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Reduced Arriva Minimums

The results for the ten arports indicate that reducing arivd minimums for the current
IFR runway configurations has only margind impact on deay. This result is not
unexpected. At the arports we modeed, sgnificant resources have been committed to
low vighility landing capability. Current capabilities are desgned to meet the vast
magority of expected conditions. Eight of the ten arports have CAT lllb runways
including two with 300 ft RVR capahility.

Converging and Circling Approaches

We predict very large benefits a8 ORD and EWR, and sgnificant benefits a8 MSP and
DFW for the use, in IFR conditions, of high-cagpacity multiple-runway configurations thet
are now redricted to VFR.  Use of these configurations requires the ability to safely fly
converging and/or circling agpproaches in IFR.  The benefits dso require that the
additiond runways have IFR CAT IIl arivd minimums. All the SVS technologies are
assumed to dlow converging and circling approaches in IFR.  SV1 supports the
approaches down to 600 ft RVR, while SV2 and SV 3 extend down to 300 ft RVR.

Reduced Inter-arrival Separations

We predict sgnificant benefits at dl arports for the reductions in IFR arcraft separations
included in SV3. The benefits are very large for ATL and LAX, where runway capacity
is very congested, and there is no way to add capacity other than building new runways.

Independent Arrivals on Closaly Spaced Pardlel Runways

The NASA AILS technology enables independent approaches to parald runways with
centerline spacing of a least 2500 feet. We assume SV3 includes the AILS capability
and thus dlows independent operations on closdy spaced pardle runways a DTW,
MSP, SEA, and JFK. Since SV3 dso includes reduced separations (RS) we ran cases
with and without RS and AILS to determine which technologies were responsible for
SV3 bendfits.  The results are shown in Table E1. The first row shows that combined
RS and AILS reduce delays below SV2 leves by 14% to 19%. We see from the data in
the second and third rows that the results for RS and AILS are not additive; the benefits
of the sum is less then the sum of the individua benefits Except for JFK, a sgnificant
fraction of the benefits can be had with either RS or AILS independently. At JFK, only
RS provides a significant benefit.”

" At JFK, AILS improves the capacity of the Parallel 4s and Parallel 22s configurations, but, due to ground
operations limitations, their capacities are still less than that of the Parallel 31s configuration. Since the
model searches for the highest capacity usable configuration, the Parallel 31s continue to dominate
operations and AILS has minimal impact.
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Table E-1. Relative Benefits of Reduced Separations and
Independent Arrivals on Closely Spaced Parallel Runways

JFK SEA | MSP| DTW

SV3svingsrdativeto SV2: AILS+RS 014 | 017 | 0.17 0.19

Fraction of SV 3 savings due to AILS without RS 0.12 | 0.68 | 0.70 0.74

Fraction of SV 3 savings dueto RSwithout AILS: 091 | 051 | 0.39 0.51
Low Vighility Taxi

The arivd capacity benefits of SVS technologies cannot be redized if the landing
arcraft cannot taxi expeditioudy in low vighility conditions The NASA Taxiway
Navigation and Stuationd Awaeness Sydem is the enabling technology that dlows
VFR tempo ground operations in IMC. T-NASA is essentidly the ground operations
andog to arborne SVS; the arcrew navigates usng synthetic representations of the
runways, taxiways, and gates. T-NASA technology is desgned to dlow VFR tempo
ground operations with vishility as low as 300 feet. SV1 is assumed not to have T-
NASA and, therefore is effectively limited to 600-foot vighility operations. SV2 and
Sv3indude full T-NASA capability.

Hardware Condderations

The technology levels in our andyss are based on capability and are not tied firmly to
hardware. Specific hardware implementations were, in fact, hypotheszed and discussed
during the task. In the end, it was decided that we cannot tell, prior to testing, the specific
hardware necessary to provide the levels of capability andyzed, and that, at this time, it is
more accurate to refer to cgpabilities rather than hardware. That being sad, it is useful
for test planning purposes (and for future cost benefit andyses) to consider the potential
hardware implementations that correspond to the technology levels.

Table E-2 contains a hypotheticd list of hardware for each technology implementation.
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Table E-2.

Hypothetical Equipment Requirements

Technology Aircraft Equipment Ground Equipment
Baseline LAAS receiver LAAS ground equipment
EGPWS CDTI dataradio
TCAS ASDE-3
CDTI dataradio
LNAV
VNAV
VSAD
Autoland capable autopilot
FMS
BLH Baseline + Baseline
Head-up Display (HUD)*
EVS Baseline + HUD* + Baseline
Enhanced Vision System
SvV1 Baseline + Baseline
ADS-B
Database
Head-down Display
SvV2 Baseline + Baseline
ADS-B
Database
Head-down Display
HUD
SV3 Baseline + Baseline +
ADS-B Low Visibility Taxi Equipment
Database AMASS
Head-down Display multi-lateration or vehicle GPS
HUD low visibility emergency vehicle

Supplemental Sensor

sensor

* The head-up display is assumed to include navigation information such as that found in the Flight Dynamics, Inc.

Head-Up Guidance System©O
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CONOPS Implications

Based on the predicted benefits and our assumptions about hypothetical hardware we can
now address recommendations for the NASA SVS Concept of Operations document.
The reaults indicate that the ability to conduct cirding and converging approaches will
provide maor benefits a two key arports (Chicago, Newark). Reduced arrival
separations are essential at two other key arports (Atlanta, Los Angeles). The remainder
of the capabilities provide ggnificant, but lesser, benefits The ability to conduct low
vighility ground operations a norma visud tempo is an essentid enabling capability for
dl benefits. The CONOPS should include requirements that support these capabilities.
We recommend the following demondrations [tests, Smulations, andyses| be included in
SVStedting.

The ability to safely conduct converging and circling operations in IFR CAT llib
conditions.

The &bility for an arcrew to autonomoudy follow and hold postion behind a
leading aircraft in the traffic pattern and on find approach. Determine distance
from the threshold of the last position adjustment.

The ability to conduct ground operations at VFR tempos [operations rates] with
vighility aslow as 300 feet.

As a minimum, the ability to conduct arivd and departure operations under
conditions of zero celling and 300 ft RVR with a god of demondrating operaions
a zero RVR.

Determination of the minimum operational hardware requirements for each of the
capabilities above. Specificdly,
whether a head-up display istechnically required for each capability.
the minimum hardware suite necessary to provide FAA required system
performance and rdiahility.
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Appendix F — I ssues

After the February 2000 SVS Concept of Operations workshop at LaRC, a draft of the
resulting CONOPS document was released to participants and other stakeholders for
comment. Many of the responses were incorporated into the body of the document. The
remaining comments describe open issues related to the design and use of the system that
will require further investigation as the SVS is developed. Those comments, questions,
and issues are grouped into the following classes.

Benefits, Risks, Cost - BRC
Dislays- D

Human Factors - HF
Procedures - P

Smulaion- S

Sensors and Databases - SD

The issues are described in table F-1 grouped by the above classes and enumerated for

future reference.  Abbreviations enclosed in parentheses indicate dternate or secondary
classifications.

Table F-1. CONOPS Issues

Benefits, Risks, Cost

The text indicatesthat a cost-benefits analysis has been performed. Have specific cost targets
BRC-1 | been established? If so, hasthe analysis showed that the SV S will indeed be cost effective for
programslike AGATE? Such an analysisis basic to making aviable SV S program.

If the airplane is equipped and approved with various systems, for example if the airplaneis
approved for CAT 11 approaches, the addition of SV Swill be much less costly than in airplanes
BRC-2 only approved for CAT | approaches. An airplane only approved for CAT | approach will need
additional power sources, associated equipment, more reliable flight controls, etc. [What are the
cost implications for SV S implementationsin existing equipment (e.g., CAT | vs. CAT Il

equipment)?]

Many of therisksthat we have identified in our risk assessments of ADS-B, Capstone, and Ohio
Valley OpEval 2 seem to be applicableto SVS. These itemsinclude dropped tracks, track
skipping, hazardous and misleading information, training, etc. Theseissues do not seem to be
addressed in the CONOPS. [What are the risk factors associated with SV Simplementation?
BExamples are dropped tracks, track skipping, hazardous and misleading information, training,
self-separation, database management.]

BRC-3

There needs to be careful consideration as to whether this approach isthe optimal solution. Itis
BRC-4 | unclear asto whether the SV'S concept is driving the requirement or that SV Sisthe correct
solution to meet NAS needs.
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Displays

D-1
(HP)

Display Clutter -- Given the number of possible tools that can be displayed on the SV'S, clutter
would seem to be likely if several are displayed at once. Potentially, apilot could
simultaneously be using the wake turbulence, terrain, parallel approach, weather, LAHSO,
runway incursion, missed approach, path accuracy and VASI tools all at once.

D-2

The display of synthetic datathat is usable by the pilot was not identified very clearly asa
specific issue that needs addressing. There have been alot of attemptsto provide thistype of
dataon HUD and HDD. The cues particularly of HDD have not been acceptable on alot of
displays evaluated in the past. It issuggested that this aspect may need to be identified as an
issue. Can the cues presented to the pilot on SV'S be made sufficient to provide the ability to
safely fly the SV'S displays?

How, exactly, pilots control what is displayed on each display and when.

How, exactly, head-up and head-down displays are integrated.

How, exactly, sensor and artificial imagery are integrated.

How, exactly, pilots are guided back to the path or some other desired point after leaving a
pathway-in-the-sky to avoid a displayed hazard.

How, exactly, pathwaysin the sky will be flown and with what precision (e.g., What's the
narrowest pathway we need or should expect pilotsto be ableto fly? Will this depend on wind,
visibility, other traffic, etc.? Will the pathway help the pilot compensate for these factors (by
showing correct bank and/or crab angle for agiven crosswind, for example)?)?

Enhanced Flight Information— The frequent reference to “Tunnel in the Sky” tendsto imply one
solution to the display of the intended path. For most applications discrete “Waypointsin the
Sky” would serve to accomplish the same thing, perhaps with less clutter. Waypoints could be
color coded asto Active, etc. for correlation with the Legs page of the FMC, VSAD, and the ND.

These tunnels might only be useful from the Initial or Final Approach Fix inbound, and then only
if asignificant turn is associated with the later stages of the approach.

D-10

In today’ s world of approaches, the need for atunnel in the sky might be the exception rather
than therule.

D-11

For parallel departures aswell, depiction of atunnel or corridor has not been found to be useful
(previous Boeing and NASA workshops and studies) on departure, when three- dimensional
geographic constraints do not exist, asistypical during constant airspeed, constant power setting
climb.

D-12

The use of pathways in the sky for departure may not be practical. ATC constraints and
variations in the methods used for climb make it unlikely that a path would be followed, and
during engine out operations, the path would have to change and would be afall-out of holding
the appropriate airspeed and setting the appropriate thrust.

D-13

Required ground tracks and crossing restrictions on departure could perhaps be easier to follow
with some added SV S visual aides, such as discrete waypointsin the sky.
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Displays

D-14

(Pathway-in-the-Sky): The presentation of a " pathway-in-the-sky" requires some method for the
generation of the relevant data. Basically, there are two approaches:

A. Generate al possible paths off-line and upload them like any other navigation database;
This approach leads to |ess problemsin the certification process but limits the crew's free-flight
navigation capabilities to pre-determined flight path solutions, i.e. it can't take into account
dynamic changes required by ATC/weather, etc.

B. Implement an on-line component that facilitates the real-time generation of paths during
flight ("On-board planning/re-planning");

This approach provides the crew with a very sophisticated way of replanning flights onboard
taking into account actual changesin the flight planned profile. However, the certification
aspects of such acomponent will be very difficult, sinceits functionality contributesto the
derivation of primary flight guidance information.

Itisnot clear from the document which approach is envisioned for the CaB SVS. It would help
in the clarification of the CaB SV'S concept if some statement could be made asto what extent an
on-board re-planning capability is part of the envisioned operational concept.

[How will pathway-in-the-sky routes (data) be generated and interfaced or communicated to

SVs7

D-15

For a pathway in the sky depiction, what is the path when aradar vector or heading clearance is
given? When the airplaneis not facing the path, the path is not visible in the display, what will
be provided to guide the pilot? What about the vertical axis, when thereis not really a discrete
vertical path, just a climb according to an airspeed schedule?

D-16

Making the SV S display compatible and consistent with our traditional FM C philosophy is
important.

D-17
(HF)

Maintaining “visual contact (virtually)” (i. e., operating off parallel departure runways) could be
aproblem if the FOV islimited to that available from aPFD. Thisneedsto be assessed. A
Head Mounted Display (HMD) could solve this problem. An HMD would easier to retrofit.
Research should include these devices, even though they now might appear to be arather
unconventional solution.

D-18
(HF)

| would add information saturation, and display clutter to thislist. 1'd also add cognitive
switching as an issue - how do we prevent a pilot from getting distracted by or overly focused on
symbolic information, at the expense of other scene elements, or the visual scene?

[Information Saturation— What are the effects of displaying an overabundance of information?
Display Clutter — How will it be controlled?

Fixation - How do we prevent a pilot from getting distracted by or overly focused on symbolic
information, at the expense of other scene elements, or the visual scene?

D-19
(HF)

The general objective of replicating VMC safety and operational benefitsin IMC is an important
theme throughout this document. Y et the system concepts described in the document are largely
aimed at the forward field of view. A key capability of a system that meets the stated objective
isthat it provides equivalency to the pilot compartment view required by the Federal Aviation
Regulations (FAR).

[What pilot compartment field-of-view requirements must be satisfied by SVS7?]

(HF)

Whileit is premature for me to comment specifically on system characteristics, | will point out

the degree of flexibility the pilot will have to control display formats, layouts, clutter (or
information content), adds to the requirements to demonstrate that each sel ectable combination
be demonstrated and evaluated for certification. The more deterministic the choices are, the less
burden there will be on the certification applicant. Asthe cockpit technologists know, unlimited
variations can have unforeseen effects on pilot scanning and awareness, particularly of

anomel ous conditions. [What are the effects on pilot scanning and awareness of flexibility for the
pilot to control display formats, layouts, clutter (or information content)?]
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Displays

D-21

Certainly thefield of view parameter iskey in the SVS program. It isnot clear, however, what
SV Sfields of view are presumed for such operations as parallel departures and landings, circling
approaches, and so forth. It seemsthat these require a peripheral (lateral) field of view, but the
emphasis on intuitive or “virtual vision” isin the forward field of view. To provide VMC levels
of safety and efficiency, the standards of pilot-compartment view must be met, particularly as
they would contribute to VM C operations.

(HF)

The use of a*virtual-visual” display for traffic separation sounds easier than it probably is.
Unlike the design of the eXternal Vision system (XVS) conceived for the High Speed Research
program, which was conformal in scale and orientation, the SV S displays are located on the
instrument panel and are not sized for conformal presentations. Will the flight crew be able to
judge traffic separation on a“minified” (opposite of magnified) display?

D-23

The pilot should have the capability to select various formats for displaying SV S functions for
the phases of flight and desired operation, but there should be a direct standard display format
available that the pilot can select. Direct switch activation should be available without going
through a series of menusin case the pilot is confused or the pilot desires rapid accessin case of
an emergency.

D-24

Overlaid of TAWS or EGPWS information with the SV S radar data on the terrain display of
terrain imagery will need special design features since the TAWS and GPS terrain data may not
be as accurate asthe SV Sradar data; therefore, the images will not coincide on the display.

D-25
(D)

Sensor Displays:.“Various sensor images can be overlaid, processed, integrated or fused.” ...
Thiswill be extremely difficult.

D-26
(HP)

The [RI] warning to the crew should have two components. First the EICAS warning that an
incursion is eminent, followed by an SVS depiction of an aircraft (e. g., highlighted for its
attention getting value) moving onto the active runway.

Human Factors

HF-1
(BRC)

Theincreasein accidentsin low visibility conditionsis cited here. Use of SVSwill require
additional pilot workload and awareness of traffic. 1t seems possible that diverting pilot attention
from normal duties may have an unforeseen, negative impact on safety.

HF-2

Pilot human factors study would have to validate an acceptable increase in pilot workload using
SV S and acceptable system readability and reliability.

HF-3

Extensive Human Factors work will need to show acceptable controller and pilot workload while
using procedures and equipment associated with SVS.

HF-4
(BRC)

The problems of pilot error and mistakes have been shown to be contributory factors for most
accidents and incidentsin all categories of aircraft operations. | was surprised that human
factors was not identified as a primary issue in the SV S program. Pilot error has been identified
by the FAA asamajor contributor to most accidents. Can an SV S be defined that will alow the
pilot to make correct decisions every time even under failure conditions? How will workload be
addressed under the SV S scenario? (Comment: Since SV S will present datato the pilot asvalid
data, care must be taken to ensure NO misleading data is presented whether due to failures or to
accuracy.)

HF-5

Crew fatigue has been identified as afactor in accidents such as CFIT. Itisnot clear that
EGPWS will aleviate this problem. Crew fatigue has been a cause of CFIT accidentsthat likely
would not have been prevented by EGPWS, TAWS or similar technology systems. Investigation
will be made to determine the approaches that will address this problem.
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Human Factors

HF-6
(D)

Another objective of the program should be to develop a structured logic for cockpit information
placement requirements- - HDD, HUD or HMD by flight phase. For example: cueing

information up, situation awarenessinformation down, or some other general rule. 1t would be
tragic if information required in the cockpit is placed in the wrong location and actually inhibits
safety. [What isthe logic and requirements for information placement (HDD, HUD, HMD) by
flight phase? For example, cueing information up, situation awareness information down, or
some other general rule.]

HF-7
(BRO)

The proposal identified a solution to an aviation need. The SV S need appearsjustified, but
recommend including reviewing specific user requirements. Will SVS meet the need of the

user? Whoisthe user? Thissurvey would identify airline requirements, match these
requirements to existing technology, and to leverage Department of Defense sensor programs.
The SVS concept may or may not be successful, but there needs to be careful consideration asto
whether this approach is the optimal solution. It isunclear asto whether the SVS concept is
driving the requirement or that SVSis the correct solution to meet NAS needs. Lastly, the
proposal needsto integrate human performance considerations associated with using SVSin
mentioned applications. The proposal is a concept of operations, but there are a number of
human factors issuesthat must be considered at this stage to determine whether this technology
isworth pursuing. Listed below are few human factorsissuesto consider:

HF-8

Does synthetic vision enhance pilot’ s situational awareness compared to out-of-the-window
viewing or to enhanced vision under no or low visibility conditions? Specific performance
measures include:

Timeto respond to traffic on the runway, time to determine bad flight path, time to reorient
aircraft position during synthetic vision outage, time to respond to approaching traffic, recovery
performance from unusual attitude, timeto respond to ATC’ sflight path change, time to respond
to TCAS and other alerts.

HF-9

Will pilots' decision-making responses be longer for the synthetic vision system compared to the
out-of-the-window system?

What are the implications of adding the synthetic vision system to the cockpit?

How compatible will synthetic or enhanced vision systems be with existing avionics?

HF-10
(BRC)

What are the pilots' expectations when flying with synthetic or enhanced vision systems? What
are the tradeoffs between safety and efficiency when the safety buffer is reduced between
aircraft?

Procedures

P-1
(HF)

Turning over separation responsibility to pilotswill require procedures regarding when it can be
turned over and how it would revert to the controller. From acontroller perspective, workload
and frequency congestion may be lower using present procedures and maintaining separation
responsibility.

P-2

ALPA has maintained opposition to pilot assumption of separation responsibility other than as
used today with visual approaches.

P3
(HF)

Wake Turbulence Tool -- The benefit is limited because controllers would presumably be
responsible for ensuring normal wake turbul ence separation wasapplied until advised by the
pilot that the new tool on the SVSisbeing used. It will require transmissions and time on
frequency to pass this information and an instruction to execute anew procedure to maintain
wake separation using the SVS. The controller will have to be cognizant of which aircraft are so
equipped. Controller workload may not decrease overall even if pilots are responsible for
separation.
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Procedures

Mixed Equipage (SVS, non-SVS) -- Thiswill be afact of life. From a controller perspective it
reguires a method to advise the controller of equipage, awareness of the equipage by the

(Eé) controller,_groupi ng like-equipped aircraft and _segregati_ng non-equi pped aircra_ft. _Thes«_e duties
coupled with the procedures and phraseol ogy inherent in any new procedure will likely increase
controller workload.

Departure Procedures-- This discussion does not take into account possible problems with an

P-5 intermix of aircraft such that some aircraft might be SV S equipped, while others are not
equipped. This could also affect separation issues and would be afactor for ATC and the pilot.

P.6 Enabl ingcl Qsely-§p_aced parallel I.M C departure - Same proble_m as above. While some benefit

(BRO) might be gained, it is the non-equipped aircraft that will be the limiting factor for traffic
enhancement.

P-7 Parallel Departures Same problem as above. Should include reference to atotal system using

(BRC) | SVSin order to have capacity enhancement or alimited enhancement with amixed system.
Thetransfer of responsibility of traffic separation from controller to the cockpit needsto be well
thought out. The pilot unions and ATC around the world need to be in the loop when working

P-8 on these types of changes. All parties need to be involved from the beginning. Certainly the

(HF) person with the best tools should be performing the task. Time delay in relaying instructions
becomes areal factor with closer spacing. Combined pilot/controller simulations seem highly
desirable.

Whileit isassumed that TCAS, perhaps even other cooperative means, is operative, what about

P9 detecting the non-cooperative traffic — like traffic without an operable transponder. Even an
assumption that every aircraft must be equipped with an operative transponder — equipment
failures occur, pilots sometimesfail to turn them on, and so forth.

P.10 What is the timing constraint associated with synthetic vision? Are the emergency procedures
different between the synthetic vision out-of-the-window systems?

What is the potential impact for air traffic control requirements? Do we want synthetic vision to
be apparent to only pilots, only controllers, or to both pilots and controllers?

P-11 If pilots only, controllers only, or both, these questions must be addressed:

HF) what is the safety buffer between aircraft? What are the procedures during VFR and IMC?

(BRC) | What arethe VFR and IMC procedures for synthetic vision and non-synthetic vision systems
operating in the same airspace, airport, or taxiway?
does the safety buffer change compared to the two systems?

Simulation

s1 SV S hasimmense potential asasimulation tool, but is only briefly touched upon. Bring up the
subject much sooner in the document too.

Additionally, weather istreated almost as an afterthought throughout the document, but it isthe

S0 impetusfor the SVS. | believe weather should be treated with the same enthusiasm as any other

D) phy_si cal hazard. DoD isworking hard to Create realistic Weather_ scenarios. If you'rei n_terested
review the attached document. Our web site will help aso. | believe you may be most interested
in the Cloud Scene Simulation Model (CSSM).

S3 An additional spin-off for SVSwould be better visualsfor the traditional simulator.

Sensor s and Databases
In order for the Runway Incursion Scenario to be effectively avoided, it isimportant to provide
pilots with thrust lever position information from airplanesin the traffic pattern and on the

SD-1 | ground maneuvering. Thisinformation cues pilots asto when an airplaneis about to accelerate

onto arunway, accelerate for takeoff, go around, perform an RTO, etc. Thiskind of information
isessential if itis expected that pilots are to close up spacing with airplanes ahead to a minimum.

CONOPS Issues
77




Sensors and Databases

Serious consideration should be given to the exchange of airplane accel eration data as a means of
preventing runway incursions. |f an airplaneis going to inadvertently pull out onto the runway,
creating acollision threat, it must first accelerate, if it has been holding short.

SV Spaired with ADS-B has great potential for allowing arunway incursion to be predicted. An
immediate EICAS warning could be issued to the crew. Thisis possible since the FMC knows
the runway intended to be used for takeoff. Theincursion boundary would be in the airport
surface database. It would know the positions other aircraft on the airport surface and their
current speed/acceleration. It could use algorithmsto predict arunway incursion with some
finite lead-time.

Datathat would be of value in predicting runway incursions would be things that indicate
expected movement (e. g., park brake on/off, thrust reversers open/closed, and intended runway
exit to be used).

SV'S, when paired with ADS-B, has the excellent potential of preventing arunway incursion
accident, such as happened involving two Boeing 747 aircraft at Tenerife. These types of
accidents are actually becoming more likely astime goesby. They, by definition involve more
than one airplane, making them doubly tragic.

It was not clear as to whether the SV S primary inputs would be from on-board sensors or terrain
dataor both. Past experience indicates that this aspect needsto be considered carefully. Sensor
Displays... Asexanples: A) MMWR and FLIR have been shown to have problemsin either
achieving the necessary performance technically or within reasonable cost for the markets being
addressed here. This creates significant problems particularly on low approaches. B) The source
of terrain databases may not support the accuracy necessary to provide SAFE terrain clearances
for the operations described. Maybe the last shuttle datais acceptable, but past datais a
problem. C) How will structures and man made changes be addressed in the database for SVS
around airports. Maybe thiswill use some radar to find and identify these real time changes.

SV S brings to mind some shortfallsin local simulations, some of which can only produce
visibility restrictions (faded images) as their only weather impact. If Synthetic Vision ever
evolves to include passive sensors that can produce areal image of the real runway/taxiway, then
asimulation capability must accompany the capability in order to assess and understand when
the sensorswill and will not work in the real atmosphere. This simulation capability must

include the atmospheric attenuators of the sensor signal, such as drop size distribution, and must
be based on measured drop size distributions for fogs of various types, for rain and for snow. It
must evolve with timein arealistic way (such as a marine fog spreading across the airport; and
fog break-up/dissipation in late morning). It must include real runway/edge contrasts for
intended use airports as well time of day effects on contrasts for visible, IR and millimeter wave
(Radar) sensor systems.

SD-8
()

Departure Display Features. A discussion on how NASA envisions dataintegrity will exist for
terrain and obstacle changes, might improve pilot enthusiasm for the project.

Wholly agree with the statement that substantial differencesin visibility can exist,
simultaneously, at the airport. Not only isvisibility spatially nhon-homogenous, it is also variant
over short timeintervals. By theway, for imaging sensors that work outside the visual spectrum,
thereis currently no means to equate visibility to sensor performance. This places aburden on
the use of such SV S equipment and a further opportunity for the program to foster the
development of such capabilities. [How will sensor performance be compared to VMC

viewing?]

SD-10

It will beimportant to establish, objectively, the real performance of sensors that would be used
for hazard detection. Please do not stop at investigation system capabilities on a presumption
that sensors would perform adequately. Infact, one of the most lasting legacies of this project
could be the collection, analysis and modeling of sensor performance in the expected
environmental conditions (atmosphere, scene, targets, airplane).
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