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Program Background

Supported by the NASA under Contract No. NCC1-290
NASA Program Manager: Anthony Busquets
Funded as a topical R&D project under the NASA AWIN
program

— Rockwell Science Center, Rockwell Collins, and NASA

— Developing a proof-of-concept prototype, not a commercial system

September 1998 - September 2002
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Objectives

 Weather information filtering and situational awareness
using advanced decision-support algorithms coupled with
human factors analysis

‘ Comprehensive
situational
DUAT Weathe.r
“METAR . Information >awareness &
*TAF . Fusion knowledge
‘NEXRAD presentation
-PIREPS

*AIRMETS
SIGMETS
*More

Aviation

Accident
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Technical Accomplishments

« Official project Web site:
 AWARE system architecture design (11/30/98)

« NEXRAD kinetic analysis (2/15/99)

« METAR interpretation and decision analysis (4/ 30/99)
 Icing products integration (9/30/00) ; & Ty
* VEFR preflight briefing design (12/31/00) S
« VFR summary display (3/31/00) '1

7/25/2003 Rockwell _ Rockwell 5
Collins Science Cenfter



http://www.awin.org/

Current Status

PIREP
SIGMET-AIRMET
FA

TAF

WINDS ALOFT
METAR

Capabilities

FY’'99 FY'00 Current FY'01 FY'02

Interpretation

W Visualization and Integration
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Weather Information Fusion

Inputs: Outgqt:
Hazard index

as a function
of time

*Onboard sensor data
*Uplinked weather data

Processing:
*Hazard object detection/clustering

*Attribute extraction
*Severity of hazard calculation
-Hazard analysis
-Pattern classification
-Fusion (Bayesian, Fuzzy, D-S)
*Display formatting
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Information-Fusion Architecture
for Decision-Support Analysis

Data Attribute Attribute : <
. : : Mapping
REVAN projection extraction ranking
data .
N Image/signal Classifier
processing

DB

Classifier

performance *Parametric
] *Nonparametric
analysis :
*Bayesian networks

*ANNSs, DBNs

More
Extracted .
data Y - Reporting &

collection useful? visualization

*Data fusion T?f;t fort
*New data source su %c1.en

. statistics
*New sensor design
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System Architecture

EARHART WWW.AWIN.ORG

»
»

INTERNET

I Doy e

Java-Capable
Web Browser

=g

: CLIENT
: CLIENT
: CLIENT
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AWARE Weather Briefing

Pilot: Timy RandFlight Plan: PAQ —= BURFlight Date/Time: /28,99 13AMCurrent Date/Time: O/28/99 1312

TakeOffAClimb I Cruize I DescendsLand I Hazards |

BA mETER [ TAF

KBUR 2318532 15004KT 33M HZCLR 27715 42992 RME A2 =

SLP118TOZ2720150=
KBUR 2319532 YREOQ4KT 7SMCLR 3171542991 RME ADZ

SLP113TO3110150=

Altitude specification

Surface hdax Altitude
.
[+ Flight Path

1 [ Dew Point [ MEXRAD B Temperature [ Wind

1115 BA Elevation Map [ Icons Turbulence
Icing [ Pressure [ ¥isibility
Last Update Date/Time: pO/28,/99 1310 LY
>> Stop
Rockwell Roclowell
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VFR Summary Display (3/31/00

Filat: Chuck Yeager Flight Plan: TAD - ATL Flight Date/Time: 03/30/00 11:44 Curent Date/Time: 03430500 11:50

T ake0f/Climb | Cruize | [Descend/Land Hazards |

¥ METAR TAF

FATL 2017532 VREO4ET 95M FEWOZ20 BENOZ2I OVEOTE 18/14 42383 RME
A025LF117 BO02E TO1730133 10173 20033 53001 =

EATL 3018532 02003K.T 105M SCTO24 0%C023 13414 A2986 RME AD2
SLP110BINOYC TO1230144 =

NO TAF DATA FOR ATL

¥ Flight Path ™ Dew Paint W NEXRAD

¥ Elevation Map [ Temperature [ wind

[ lcons [ Tubulence ™ Pressure

[T Wisibility [ Icing ¥ Hazards Display

4 v ¥ Freezing Level ¥ Wisibility
1255 W Ceiling ¥ ‘wind Speed
Last Update Date/Time: 03430400 11:40
> Stop |
Back | Irack | Save Flight Plan
Rockwell Roclwell
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Information Visualization

Direction &
velocity of

winds aloft Flight path Cloud
/ cover
Turbulence overlay v

from NCAR forecasts

= D D Iy b D G D D

Vertical flight profile using METAR and flight data plan
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Parsing from text data D ata PrO CCSS 1ng

AIRMET ICE..WA OR CA
FROM TVL TO FAT TO BIH TORNO TO TVL

LGT OCNL MOD RIME ICGIC BTN 070
AAND FL200. CONDS SPRDG SLOLY
SEWD AND CONTG BYD 09Z THRU 15Z.

AIRMET TURB...WA OR CA ID MT
FROM EHF TO SMX TO SBA TO VTU TO PMD
TOEHF

OCNL MOD TURB BLW 120 DUE TO MOD WLY
FLOW. CONDS SPRDG EWD AND

CONTG BYD 092 THRU 152 Weather Event
Database
1
Icing_Even{
9_ Turbulence Event
* Unique_ID: -
XML que_ * Unique_ID:

« Spatial_Extent:

» Temporal_Exter] * Spatial_Extent: ...

* Temporal_Extent: ...

* Type: Rime )
+ Severity: . Type:. Clear air
 Direction: -Se.verl’Fy: Moderate
+ Velocity: . D|rect.|on:

* Velocity:

* Supercedes:

* Supercedes:

ey preswy

D ata mO del S [ Trac king On [ Thuebnails On

Image/signal processing

Sufficient statistics analysis &
Information filtering for planning Flight planning assistance &

Decision-support analysis
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Key Trade-off Issues

Server- vs. client-side programming

Migration from Informix to Oracle
— Spatial cartridge vs. Datablade
— Data storage: sufficient statistics?

Bayesian network implementation using Hugin

— Where is data coming from? Data mining to assign hard numbers
to various convective weather events

— Complement BN with classical hazard analysis and pattern
classification preprocessing

— Automation vs. trust

XML eliminating or reducing the need for text parsing
(Weather Observation Definition Format at SPAWAR)
— Military TAF vs. civilian TAF
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Leveraging Other Programs

* ONR mine countermeasure: Data-mining toolbox
along with various preprocessing algorithms
(wavelet, image processing, and transformation)
for information filtering and fusion

« DARPA programs on the use of Bayesian
networks for information fusion and resource
allocation

* IR&D programs on creating scalable, database-
backed Web sites
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Data-Mining Toolbox

4 Figure No. 2: brn Dialog Box
File Edit Window Help
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Information Fusion

d @ Uplinked data
Spreca
2 / EWxR (WXR+NEXRAD)
Pre-flight Convective
danger weather
@ level attributes*
Radar
CAT LIDAR shadow *Height
& other sensors Gradient
Shape
Reflectivity

Wavelet coefficients

Velocity vector
All extracted from

*A/C location image/signal
*FMS data Hazard
SA

*Constraints
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Financial Status: Spent vs. Actual

AWARE 2000 6 Month spending ightly over budget
due to one-time
250000 NCAR subcontract
\ which will be
/ spread over
200000 » . .
multiple milestones
// ROK Actual
150000 — = ROK Planned
£ NASA Actual
& — = NASA Planned
“ 100000 - Total Cost Actual
Total Cost Planned
50000
0 ‘ ‘
Oct. Nov. Dec. Jan. Feb. Mar.
Month
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Roadmap

SIGMETS/AIRMETS

VER preflight briefing integration
PIREP integration

IFR preflight briefing/display

In-flight architecture
— In-flight decision support
— EWxR integration
— Usability study
— Integration in NASA 757

IFR in-flight briefing integrated demo
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Summary

» [dentification of suitable databases & data models
* Information filtering and fusion

« How to find the right spectrum between raw data
presentation and decision making for pilots (74e

Future of Air Traffic Control by NAP)

« Automated data collection with the totally
connected world

e How to i1dentify the point of diminishing returns
with sufficient statistics analysis
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