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Abstract

The two official sourcedor aviation weatherreportsboth require
the pilot to mentally visualizethe provided information. In con-
trast, our system,Aviation WeatherEnvironment(AWE) presents
aviation specificweatheravailableto pilots in an easyto visualize
form. We startwith a computergeneratedextual briefing for a
specificarea.We mapthis briefingontoagrid specificto thepilot's
routethatincludesonly informationrelevantto his flight asdefined
by route, altitude, true airspeedand proposedieparturgime. By
modifying variousparametergshepilot canuseAWE asa planning
tool aswell asaweatherbriefingtool.

1 Introduction

TheNationalWeatheiService(NWS) andtheFederalAviation Ad-
ministration(FAA) gatheranddisseminate greatdealof weather
information helpful to pilots. Weatherobsenrations both at the
surface and aloft, real-time radar information, satellite obsera-
tions, radiosondeballoonsand forecastspreparedoy meteorolo-
gists are packagedand disseminatedo pilots at least once per
hour Pilots have two primary sourcedor official weathemreports:
Flight Service Station (FSS) specialists and the DUATS (Direct
UserAccessTerminalf computersystem. FSSspecialistcanbe
reachedvia telephone aircraft radio, or infrequently in person.
In ary case the briefing is verbalandthe pilot is responsibléeor
mentallyvisualizingthe provided information. DUATS computer
briefingsaretextual andalsorequirethe pilot to mentallyvisualize
the "big picture’ Pilots often supplementheseofficial briefings
with graphicsavailable from the WeatherChannelor unoficial
weatherweb sites. Becausethis supplementainformationis not
gearedoward aviation applicationshowever, it is oftendifficult to
extractnecessarjnformationeasily

Weatheris oneof the major cause®f aviation accidents.Con-
tinued flight into worseningconditions(with the optimistic hope
for improvement)is one of the leadingcausesof loss of control
for generabviationflights. Improvementsn technology(primarily
datalink) promiseto bring much needednformation directly to
the in-flight pilot [1]. However, datalink proponentsare still
consideringproviding muchof theinformationin a textual format.
With thedutiesrequiredby single-pilotoperationsthis information
will needto bepresentedh acognitively easyto decipherformatif
it is to provide optimalhelp.

Our systemthe Aviation WeatheErnvironment AWE, proposes
one solutionto this problem. In its ultimate configuration,it will
provide anintelligentinterfaceto weathedatafor thein-flight pilot.
The pilot will be ableto quickly determinecurrentand forecast
conditionsalonghis plannedroute, gethelp determiningalternate
routesor alternatedestinations,and get automaticwarnings of
worseningconditions.Eitherthe pilot or anintelligentagentacting
on his behalfcanexplore”what-if” scenariogo determineoptimal
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plans. Data link technologieswill be exploited to get current
weatheifrom groundfacilitiesaswell asotherairborneaircraft.

Becausehis technologyis still underdevelopment,our initial
systenprovidesthepilot with acognitively easyto decipheformat
for DUATSs briefings.We startwith a DUATSs briefingfor a specific
area,for example,a 95 nauticalmile (nm) radiusfrom the Palo
Alto airport, KPAO. We mapthis briefing onto a grid specificto
thepilot’s routethatincludesonly informationrelevantto hisflight
asdefinedby route,altitude,true airspeedandproposedieparture
time. The pilot is ableto visualizecurrentareaweather forecast
areaweatheror routespecificweather For routespecificweather
rather than displaying current data available for his destination,
we useforecastsavailable for his proposedtime of arrival. By
modifying various parametersthe pilot can also use AWE as a
planningtool.

2 Previous Work

Before the consolidationof Flight Service Stations, pilots were
able to physically visit with an FSS specialist. Specialistshave
accesdo chartsthat graphicallydisplay currentconditionsand a
limited set of forecastd4]. Theseinclude the following charts:
surface analysischart, weatherdepiction chart, radar summary
chart,significantweathemrognosischart,winds andtemperatures
aloft chart,compositenoisturechart,severeweathermutlookchart,
constanpressuranalysischart,andtropopaus@atachart. A great
dealof informationis availableto a pilot [3]; somuchin factthat
mostpilots do notknow haw to readmostof thesecharts,nor how
to interpretwhatthe datais telling them. Hencethe needfor FSS
specialists.

A numberof websiteshave recentlybeencreatedvhich attempt
to provide informationsimilar to that provided by the FSScharts
describedabore [6, 2, 5]. They typically displayweatherfor the
entire U.S., but do not allow the pilot to zoominto a region of
interest,suchas along his route. Also, asin the FSScharts,the
informationis distributed throughmultiple charts. Integration of
theinformationis still performedby thepilot.

DUATs compressesnuch of this data and packagest very
differently in an attemptto male it easierto understandor the
pilots. However, it is basednold teletypetechnologyandis cryptic
toread.A textual DUATs areabriefingprovides:

e AreaForecasincluding positionof fronts, pressuresystems,
wind conditions cloudlayers,weather(suchasrain), andan
outlog)kstatingwhetherconditionswill beIFR, MVFR, and
VFR*".

e SevereWeatheWarnings

e SIGMETS andConvective SIGMETS

3IFR = InstrumentFlight Rules: visibility <= 3 miles and/orceiling
<= 1000feet; MVFR = Marginal VFR: visibility <= 5 milesandceiling
<= 3000feet; and VFR = Visual Flight Rules: visibility > 5 milesand
ceiling > 3000feet.

4SignificantMeteorologicalConditions

SExample:thunderstorms



o AIRMETS? for turbulence mountainobscurationwidespread
IFR conditions,andicing conditionsandfreezinglevels.

e Surface Obsenrations(METARS') of currentconditions,in-
cluding ceilings, visibility, wind, barometricpressuretem-
peratureanddew pointsfor certainairports.

e Pilot Reports

e RadarSummariesthat textually provide information about
echosgechomovement,andechointensity

e TerminalForecast§TAFSY), includingceiling, visibility, and
wind forecastdor certainairports.

o Winds Aloft Forecastdor relevant sitesat altitudesof 3000
feetto 39000feet, by 3000foot increments.

3 AWE Approach

AWE presentsnewv methodof interactingwith aviationweather It
canbeusedeitherasa briefingtool or asa planningtool. We begin
with anareabriefingfrom theFAA-approredDUAT s aviationbrief-
ing service. We thenpresenta subsebf the provided information
graphically The subsets selectedo augmenturrenttechniques
for visualizingvariousinformation. The useof satelliteimagesto
display clouds, radarechosto display precipitation,and contour
lines to display temperaturesre well knowvn and quite effective.
The display of winds asarrows is also currently usedeffectively.
We concentrat@n displayingaviation specificweatherthat is not
currentlydisplayedeffectively. In particular AWE displayscurrent
weatherobserations,knovn asMETARs, andweatherforecasts,
known asTAFs. Althoughthe displayof wind directionandspeed
hasbeenexploredpreviously, AWE alsodisplayswinds aloft data
becausave find it integrateswell with METARs and TAFs andis
very usefulto thepilot for planningpurposes.

AWE providesthe pilot optionsto display area-wideor route-
specificwinds aloft, currentMETAR obsenrations,and TAF fore-
casts. AWE usesstandardvisualizationtechniguessuchas color
codedicons to presentthe information in an easyto decipher
displayformat.

AWE allowstheuserto specifyhisflight includingroute,desired
altitude trueairspeedandproposedieparturg¢ime; selectwhether
he wantsto seecurrentweatheror forecastweather; and select
whetherthe areaof interestis justtherouteor area-wide The user
is ableto modify ary of the routeparameterandseethe effect on
weathethemightencounter

Additional underlyingcapabilityis requiredto visualizea DU-
ATs briefing. This includesproviding AWE information about
airports, parsingthe briefing, andtranslatingit into a computer
understandableersion. We discusseachof theseissuesin the
following sections.

3.1 AWE Foundation

AWE is written using C++, OpenGL,and Xforms andrunson an
SGlworkstation.Theunderlyingcapability or AWE's foundation,
consistf object-oriente¢programmingclasseghatdealwith in-
formation aboutairports, METAR, TAF, andwinds aloft. It also
includessupportingclasseshatknow how to dealwith latitudeand
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longitudecoordinategandcanfind distancedbetweerlat/longloca-
tions. Four datafiles areusedby AWE. Airport identifiersaswell
asthelatitudeandlongitudecoordinate®f theairportarespecified
in a userreadabledatafile, andthe DUATS briefing is translated
into three separatdfiles: one containingcurrent METARS, one
containingTAF forecastsandonecontainingwindsaloft forecasts.

The winds aloft forecastis transferreddirectly with little modi-
fication. The classthatdealswith windsaloft containamethod<or
retrieving theolviouselementsWe alsoprovide ameanf finding
thefreezinglevel (definedasthelevel atwhichthetemperaturés 0
degreesCelsius).Finally, we provide a methodfor forecastinghe
windsaloft atanarbitrarylat/longlocation. DUATSs only provides
winds aloft for certainlocationsandfor certainaltitudes. We use
distance-baseidterpolationto determinghewindsatthespecified
lat/longlocation.

Becauseour emphasiss on visualizationand not parsing,the
METARs and TAFs are somavhat simplified. Additional parsing
capability will be neededto deal with more of the information
DUATSs provides. The major simplificationwe implementedvas
for cloud layers. DUATSs briefings provide multiple layers of
clouds,when applicable;we restrictthe cloud layersto a single
representate layer chosenbasedon a priority level. Broken
"BKN" or overcast’OVC” layersare given the highestpriority,
and thusthe lowest layer of that type is chosenas the represen-
tative. Scattered’'SCT” layersare given the next priority level,
followed by "FEW”, andfinally none,or "CLR” (for clear). Thus,
the representate is the worst the pilot can expectto encounter
Both METARs and TAFs implementa similar cloudlayerscheme.
Anothermuchlesslimiting simplificationis deletinginput format
commentsassociatedvith METARS.

The two final foundationclassesare Awe._interface and Awe.
Awe_interface dealswith interactionswith the user properly up-
datingthe input forms. The Awe classmaintainsa list of known
airports, and readsand updateswinds aloft, METAR, and TAF
reports. It also provides varioussearchmethods suchasfinding
the closestairport to an arbitrary lat/long position; getting the
METAR/TAF for an airport with reporting capability; getting a
representate METAR/TAF for non-reportingairports;finding the
closestand secondclosestwinds aloft forecasts;or keepingtrack
of theusers choserroute. Eachof thesemethodss usedby other
foundationclasseso helpprovide whatthe userwants.

3.2 Graphical Interface and Display

The graphicsportion of AWE relies on the foundationclasseso

computewhatinformationto display We will now discusshow we

displayit. We beggin by texturing the backgroundAWE window

with our local areaof the San FranciscoSectionalAeronautical
chartto give pilots a familiar environmentwith which to interact.
Thechartshavs thelocationof airports,navigationaids,controlled
andspecial(suchasrestricted)airspacespbstructionsnpaturalter

rain features(suchaswaterand hills, depictedusing color coded
altitudes) andcongestedreaqsuchascities,depictedn yellow).

Defining the Flight

Thepilot specifieshis routeof flight by selecting(with themouse)
a sequencef airportsi® The useris ableto extend his route by
addingan airportto the end, modify his route by deletingairports
off the end until the modification point is reached(eventually
backtrackingo thebeginningif desired)pr specifyinganew route.
As airportsareaddedor deleted the interfaceis updatedo reflect
the currentspecifiedroute. The backgroundscreenwith a route
selectedy thepilot is shavn in Figure?2.

10As statedearlier AWE doesnot currently recognizenavigation aids
suchasVORs.



Usingsliders,thepilot is ableto selecthis flight altitudeandthe
aircraft's trueairspeed.The pilot is alsogivenaninput window in
which to specifyhis proposedieparturdime. Theseselectionsare
usedto determinavhatspecificinformationto display asdiscussed
belaw.

Selecting Information Overlays

A full versionof AWE would provide optionsto overlay all the
information a pilot may want to view. This includes satellite
images,temperatureontours,etc. Becausenuch of that datais
alreadyeffectively visualizedby othersourcesye simplified AWE
to restricthis optionsto alimited setof combinationsHis options
arelimited to:

e Displayfocus:areawide weathevs. routespecificweather;

o Typeof weather:.currentweatherobserations(METAR) vs.
forecastweather(TAF), and/orwindsaloft;

e Displayoptions:shawv closestavailableweatherand/orshav
textual or iconic view.

Display Focus: The pilot canchooseto display weathereither
just along his route of flight or for the entire areaknown by
AWE. The areawide weatheroption is especiallyuseful during
the planningphase. The pilot canview all available weatherand
thenchoosea routeof flight. Conversely if he hasalreadychosen
a destination route specificweathershavs him only information
relevantto hisflight.

Type of Weather: The pilot canchooseto view either current
(METAR) or forecast(TAF) weatheraswell aswinds aloft infor-
mation. Most (possiblyall) airportsthat provide TAF forecasts
also provide METAR obsenrations. Therefore,we implemented
the optionsto displayMETARSs or to display TAFs to be mutually
excluswe; thatis, either METARs or TAFs can be displayed,but
not both simultaneously Winds aloft, on the otherhand, provide
complementarynformationto both sourcesand canbe displayed
eitheraloneor with a TAF or METAR. METARs andTAFs provide
surfacewinds associatedvith the reportingairport. Winds aloft
provide winds at variousaltitudesandare associatedvith a much
wider areaaroundtheairport.

Display Option: Use closest: Notall airportsAWE knows about
have weatherreportingcapabilities. If the pilot is viewing route
specificweather we provide him with the option of choosingto
displaythe nearesteport(of the sametype)for airportsthatfit this
criteria. To accomplishthis, the pilot chooseghe "show closest
availableweather”option.

Display Option: Show Icons. Onedisadwantageof displayingall
availableMETAR or TAF informationis theamountf screerspace
it occupies.This s typically not a major problemfor TAFs since
only afew airportsprovidethatservice.Congestedreasvith mary
local airportsdo not fare aswell with METARs. As an example,
the SanFranciscdBay AreahaseightairportsthatissueMETARS
in the small areasurroundingthe bay Thus,if the displayoption
is area-MERRSs, the advantageof providing all informationmay
quickly turn into a problem,with METARs hiding eachother In
this situation, the pilot can still extract information provided by
the IFR/IMVFR/VFR bordercoding schemediscussedelov. He
canquickly determinethe type of conditionsdominatingthe area.
He canalsoselectthe "route-METAR” display option and select
airportsindividually to seethe particulars.

AWE providesan optionto attenuatehe clutter. For eitherTAF
or METAR displaysthepilot canchooséo displaytheinformation
using codediconsratherthantext, asshavn in Figure 3 anddis-
cussedelon. Theicon displayprovidesonly enoughinformation
to give the pilot a generalideaof the weatherconditions. Details
areavailableonly whenhedeselectshe "show icons” option.

Time-dependent Information: Pilotsneedtheforecastveathemat
the time of arrival at eachen-routecheckpoint(airport,in AWE),
not the forecastfor the departureiime. To eliminatethe needfor
the pilot to specifya full flight plan with expectedarrival times,
we calculatearrival times automaticallybasedon the specified
true airspeedand departureiime. If the pilot is looking at route-
specificTAFs, he will be given the appropriateforecastbasedon
thisinformation.

Choosing Appropriate Forecast: Determiningthe appropriate
forecastis not assimplefor a computerasit is for a person.DU-
ATs forecastsare not specifiedas mutually exclusive time ranges.
Rather the generalforecast(given first) cavers a 24 hour period.
Forecast$or morespecifictimesarethengiven. Eventhesespecific
time periodscanoverlap.For example,in a TAF file for the KSCK
(Stocktonairport),wefind thatthreeforecastsnayapplyfor 10:30.
First, the generalonethatspangherangel8:000n the 18thof the
monthto 18:000n the 19th statesthat the weatherwill be {wind
300@6,plus 6 statutemile (sm) visibility, sky clea. Then,the
"FM1000”, stateghatfrom 10:00,theweathewill be{wind calm,
visibility of 1 smwith mist,sky clear}. Finally, the”TEMPO 1015”
stateghattherewill beatemporaryconditionfrom 10:00to 15:00
of weather{1/4 smvisibility with fog, anda vertical visibility of
200feet}. AWE mustdeterminewhich one of theseto presento
the user AWE choosedo presentthe worst scenario. Thus, in
this case,it chooseghe temporaryconditionasthe representate
weather

Displaying Information Overlays

We now turnto the displayformats.

Winds Aloft Display: Displayingwind informationis straightfor
ward. We rotatethe wind arrov to shav the directionof the wind
atthatlocationanddisplaythe wind speedalongside.If the pilot
hasrequestedireawide weather AWE displaysall knovn winds
aloft forecastsfor central California. If the pilot requestsroute
weatheron the otherhand,we displaywind informationalongside
eachairportalonghisroute,interpolatecasdescribedeforeandil-
lustratedn Figure2. Displayingwindsaloft graphicallyallows the
userto quickly comparehis flight pathto the pathof thewind and
determinewhetherto expecta tailwind, headwind,or crosswind.
It helpshis situationalawarenessdy giving him a direct picture
of expectedconditions. He canthencompensatéor a crosswind
withoutmuchthought,or expectto go slower andusemorefuel for
astrongheadwind Becausavindsaloft arealtitudedependenthe
pilot canmodify his selectedaltitudeto determinevherethewinds
aremostfavorable.Thedisplayis updatedn realtimeto reflecthis
selection.

Textual METAR/TAF Display: Determininghow to display a
METAR or aTAF to male it easilydecipherablget provide all the
necessarynformationis more complicated. The FAA approach,
usedwith chartsavailableat Flight ServiceStations arevery infor-
mative, yetvery cryptic. Theirsymbols shavn in Figurel, require
memorizationand can be easily forgottenif not usedregularly.
Instead we could chooseto follow the WeatherChannelapproach
and display only a small set of symbols. One disadwantageof
this approachis that much of the available information is not
represented.

We choseto provide the pilot with all theinformationavailable.
Thepilot hastheoptionto askfor all informationtextually attached
next to the airport or for only an iconic view that provides him
with a"feel” for theweatherbut no specifics.A textual displayof
METAR informationis shawvn in Figure2. An iconicrepresentation
is similarto the TAF iconsshavn in Figure3.

To malke thetaskof recognizingconditionsquicker, we represent
thewind directiongraphically(similar to the winds aloft display)
aswell astextually. The pilot cannow easily comparethe wind



Symbol Meaning Symbol Meaning
_/\._. Moderate turbulence Rain shower
._A_ Severe turbulence Snow shower

Thunderstorms

kHJ Moderate icing

@ \O\\?W<|:k<1.

\H‘) Severe icing Freezing rain
[ ] Rain Tropical storm
* Snow Hurricane

(typhoon)
9 Drizzle

Figurel: FAA weathersymbols.

directionwith the orientationof the runways as displayedon the
sectional(AWE'’s backgroundimage). Thus, crosswindlanding
conditionshecomevisually obvious.

Thetextual displaysaresupplementedith colorcodedborders
to warn the pilot of possibleadwerseconditions. Recallthat IFR,
InstrumentFlight Rules,apply whenthe visibility is <= 3 miles
or the ceiling*! is <= 1000feet. Mary pilots arepreventedeither
legally (by not having appropriatecertification)or practically (by
not beingproficient)from landingat airportswith IFR conditions.
MVFR conditionsareonly apractical,notalegal, determen{mary
pilots feel lesssafein maginal conditions). AWE displaysairports
with IFR conditionswith aredborder airportswith MVFR with a
yellow border andthosewith VFR without a border The pilot can
thuseasilyseewherethe widespreadireasof low visibility or low
ceilingsarelocated.A sample’route-METAR” displayis shavn in
Figure2.

Iconic METAR/TAF Display: Thereare four primary elements
that affect a pilot’s "go / no go” decision: wind conditions,visi-
bility, cloud altitude, and temperaturd dew point spread. Wind
sheasturbulence andstrongcrosswindsrepossibilitiesunderhigh
wind conditions. Temperatureand dew point can be important
in certainconditions. For instance,in the SF bay area,morning
andeveningfog is often a consideration.The temperaturé dew
point spreadthenbecomesraluableinformation. If the airportis
currentlyexperiencingog, thespreadyivesinformationon whenit
may clear(especiallyif you have the previous hour's METAR and
canseea trendin how the spreadis changing). Similarly, in the
heatof the summertemperatures very importantat high altitude

airportssinceit hasadirecteffectonaircrafttakeoff characteristics.

And, thoughthe authordoesnot have muchexperiencewith cold

weathervery low temperaturealsohave an effect, not on takeof

but on enginestart. They canalsocontributeto possibleice onthe
airframe. Usually though,temperatureeanbe safely classifiedas
non-criticalinformationandis notrepresenteah theiconicformat.
Justas in the definition of IFR, MVFR, and VFR conditions,
visibilities and cloud conditionsare probablyconsideredhe most
importantelements.

Our iconsaredesignedo presenta quick overview of the four
primary elements. The icon is a triangle (modeledafter warning
triangles)thatis subdvided into four triangles,eachrepresenting
oneof theimportantelementsThewind triangleis shavn in white
if the wind speedis lessthan 15 knots, yellow if it's betweenl5

1iCeilingis definedasa broken (BKN) or overcasi(OVC) layer

kts. and20kts.,andredif it exceed20 kts. Thevisibility triangle
is shawvn in white if the visibility is greaterthan5 nm, yellow if

it'sis between3 and5 nm, andredif it's is lessthanor equalto

3 nm. The cloud altitudetriangleis shavn in white if the lowest
ceiling layer is greaterthan 3000 feet, yellow if it's abose 1000
andbelav 3000feet, andredif it's at or belav 1000feet. Finally,

thetemperaturé dew point spreadriangleis shovn in whiteif the
spreadis greaterthan 4.5 degreesCelsius,yellow if it's between
2 and4.5degrees,andred if it's belowv 2 degrees. BecauseTAFs
do not provide temperatureor dew point forecaststhe TAF icon

consistof justthreetriangles. Thetemperaturé dev pointspread
triangleis alwaysshavn in gray In eachof thesecasesthe color
codingsenesonly to alertthe pilot of possibleadwerseconditions.
The thresholdsvere chosento coincidewith the FAA definitions
of IFR andMVFR conditionsfor visibility andceiling. The wind

speedaindtemperaturelev point spreadsverechoserbasedon a
typical pilot andweatheprofile.

4 AWE Advantages

We have alreadymentionedsereral adwantagesof AWE. A not
immediatelyapparenadwantageas for non-localpilots. Localpilots
know the identifiersfor most, if not all, the airportswithin 100
miles. They canimmediatelypicturewherethe airportis, how far
it is from their homeairport,andwhattheir flight pathwould look
like. Non-localpilots, onthe otherhand,have a moredifficult time
interpretinga DUATSs areabriefing. They mustrefer to the chart
or otherreferencanaterialto determinewhich airportanidentifier
refersto, to visualizewhereairportsarelocated o determinewvhich
airportis closesto onewithouta TAF, etc. All thatinformationis
directly availableon AWE. They cannow visualizethe weatheras
easilyin adistantareaasthey canin theirlocal area.

Oneof the otherusefulaspectof AWE is its useasa planning
tool. AWE allowsthepilot to specifyhis airplanestrueairspeedto
selectanaltitude,andto selecta departurdime. Any of thesecan
be modifiedduringthe AWE sessionMETARSs, TAFs, andwinds
aloft areupdatedmmediatelyto reflectthe new selections.Thus,
thepilot canchooseafavorablealtitude(e.g.,with moretailwinds),
chooseto slow down andsave fuel if thewindswill let him arrive
within a time window of his choice,or chooseto departearlieror
laterto usetheforecasto his advantage. Therecreationapilot can
evenuseAWE to decideon a directionfor his pleasurdlight. The
combinationof thesefeaturesmakes AWE a very usefultool for
localandnon-localpilots alike.
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Figure2: RouteMETARSs andwinds aloft shavn alongsidea pilot-selectedoute. The winds aloft directionis shavn graphicallyandthe
wind speeds shavn textually. Within the METAR box, surfacewinds areshavn graphicallyaswell astextually. Visibility, cloudaltitude,
temperatureanddew point are only shavn textually. The METAR box borderdepictsinstrumentflight conditions(red border),mamginal

visualflight conditions(yellow border),or visualconditions(no border).



Figure3: AreaTAF displayusingtriangularicons. Thecolor in eachof the four subtrianglesndicateadwerse mamginal, or safeconditions.
Theuppersubtrianglaedepictswind conditionsthemiddlesubtriangledepictstemperature/de pointspreadthelower left subtriangledepicts
cloudaltitudes;andthelower right subtriangledepictsvisibility conditions.



