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Disclaimer

The contents of this material reflect the views of the author 
and/or the Director of the Center for Advanced Aviationand/or the Director of the Center for Advanced Aviation 
System Development.  Neither the Federal Aviation 
Administration nor the Department of Transportation makes 
any warranty or guarantee or promise expressed orany warranty or guarantee, or promise, expressed or 
implied, concerning the content or accuracy of the views 
expressed herein.
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Outline

• Project Goals
• Intent Data Overview

– Access and Collection
– DescriptionDescription
– Downlink Operations
– City-Pair Picture

• Data Processing Activities
• Initial Results and Next Steps
• Intent Visualizations• Intent Visualizations
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Project Goals

Phase 1
• Gain experience decoding ARINC 702A-1 Intent Downlink 

Messages.
• Determine the characteristics of intent information particularly• Determine the characteristics of intent information, particularly 

FMS generated ETAs within the operational environment of 
today’s NAS. 

Phase 2Phase 2
• Develop operational concepts and decision support tools for 

ATC/AOC applications which make use of down-linked intent 
d tdata.

• Perform flight trials to gain operational experience in using 
intent data among air traffic specialists and airline operations 

l
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4D Intent Data
Collection/Description/Downlink Operations 
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Intent Data Collection

COA Aircraft• 53 COA 737-800 aircraft have been 
configured to provide Intent Downlink

ACARS Downlink 
(VDL-2)

ACARS

configured to provide Intent Downlink 
Messages (IDL).

• The messages are forwarded through a 
ground link from ARINC to Continental ACARS

Service
Provider

4-D Intent Message
ARINC 702a-1

ground link from ARINC to Continental 
Airlines Airline Operations Center 
(AOC), where it is accumulated for each 
day. ATC UserAOC User

COA
Server

Nightly Email

y
• The data is then packaged, compressed 

and emailed to CAASD for processing 
and analysis. Real-Time

ATC User

Browser

AOC User

Browser

Secure 
HTTP

MITRE
Server

Nightly Emailand analysis.
• For future demonstrations, it is 

expected that the downlink data will be 
sent on a real-time basis to CAASD

Real Time

MITRE 
Analysis 

Tools
HITL 

Participants
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Intent Data Description

• Each time-tagged Intent Downlink (IDL) report consists of the 
entire predicted flight trajectory:p g j y

• Lateral path
• Vertical path
• ETA at waypoints 4th Dimension

• Whether LNAV/VNAV is engaged
• Status of the report

Time of Transmission 
from ARINC Ground 

Time of Transmission from 38th Message since 
Station to ARINC HostTime of Transmission from 

ARINC Host to AOC
(2008-06-03 04:06 UTC) Left FMS

Flight & Tail Numbers
ARINC Ground 
Station ID

g
FMS ACARS Unit 
Powered Up

Checksum

– Position report downlinks sporadically 
available (1 report per flight)

– Current position (time, lat/lon, altitude)

LNAV engaged/VNAV

0806030406FML FI CO1834/AN N73299 DT DDL GGW 030405 F38A ‐
IDL0,,,N47322W122186,188,051913.1,,,N47278W122187,48,052052:110048EA ;

Fly-By Waypoint Fly-Over Waypoint

p ( , , )
– Previous, next and next+1 waypoints
– Air temperature, actual winds, fuel 

remaining and target mach
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LNAV engaged/VNAV 
engaged/Unknown/No PlanIndication of 

IDL Message

y y aypo t
No Radius/Direction
Lat: 47º 32.2'N/Lon: 122º 18.6' W
Altitude: 1880 ft
ETA: 05:19:13 UTC

y O e aypo t
Rwy 16C at KSEA
Lat: 47º 27.8'N/Lon: 122º 18.7' W
Altitude: 480 ft
ETA: 05:19:13 UTC



Intent Data

• Processed IDL data is stored for analysis at 
CAASD d i bl th h bCAASD and viewable through a web server.
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Intent Data

Intent data for flights in the database can be seen in tabular form. 

Note:  Waypoints Names Are Not 
Part of 4D Downlink

nl
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D
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n
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Lateral Waypoints

• Includes latitude, longitude, altitude, ETA for all downstream lateral
waypoints. 

• Includes additional information such as radius and direction for turns.

* Lateral path change causes 
waypoints to be dropped and 
new ones added

Other Less Frequent Types
• Procedure Turn
• Hold Pattern
• Procedure Hold
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Vertical Waypoints

• Includes latitude, longitude, altitude, ETA for all downstream 
vertical waypointsvertical waypoints.

* Vertical path change causes vertical 
waypoints to move in time & locationwaypoints to move in time & location
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Intent Downlink Operations

AOC
ARINC

• IDL request message (REQIDL) uplinked approximately 10 – 30 
minutes into the flight by the AOCminutes into the flight by the AOC 
• Aircraft then begins down-linking IDL reports every 10 minutes
• Actions transparent to the crew
• Downlinks are terminated when the “On” event is transmitted, 
i e weight on wheels speed < 60 knots

COA 323 Track Data 
IAH-MSY Straight-Out Departure
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COA 737-800 City Pairs
SEA

DTW

ORD

BOS
MSP

DTW

IAD

CLE

LGA

JFK

PDX
BWI– Approximately 120-140 flights daily

– Offers good sampling of CONUS 

SFO
STL CVG

MDW
IAD

SLC DEN
LAS DCA

LGA

PHL

EWR

g p g
operations:  104 city-pairs 

– Including COA Hubs: EWR, CLE, and IAH
S i t ti l 101 it i

LAX

DFW

PHX MEM
ATLSAN

– Some international: 101 city-pairs 
(including Caribbean and U.S. Territories)

IAH

DFW

FLL
TPA

MCOANC - SEA  GUM - ROR
CTS - GUM  GUM - SDJ
DPS - GUM  GUM - TKK
FUK - GUM  KSA - KWA

Other
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MIA
GUM - HIJ  KSA - PNI
GUM - MNL  KWA - MAJ
GUM - NGO  PNI - TKK
GUM - NRT  



Data Processing
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Current Activities

• Data Analysis – Aircraft intent data is being correlated with 
radar track data and flight plan data for each flight to gaugeradar track data and flight plan data for each flight to gauge 
ETA variability and its causes under different conditions of 
NAS operations.
D t Vi li ti D li k d t j t i b i• Data Visualization – Down-linked trajectories are being 
interfaced to graphical tools to show progressions of 
downlinks as the flight moves from origin to destination. 

Th t l ill b l d t “ l” d li k i th ATM– These tools will be evolved to use “real” downlinks in the ATM 
lab environment to study various aspects of using the data. 

– These activities are expected be precursors to trials for 4D 
intent usage in AOC/ATC applicationsintent usage in AOC/ATC applications.
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Intent Data Processing

• An integrated picture for each flight is 
created:

Vectoring
created:

– FMS Intent routes 

– Actual flown routes (using track data).

– Filed/amended flight plan; arr/dep airports; Intent Route 1Filed/amended flight plan; arr/dep airports; 
SIDs, STARs and IAPs flown by the aircraft

• For each down-linked waypoint, it is 
estimated: 

Intent Route 2

– Whether it was actually crossed 
– If so, the Actual Crossing Time (ATA). 
– This leads to:

Radar Track (Blue Dots) 

• ETA Delta = ATA –ETA

• Look-Ahead Time = ATA – Downlink Time

• WGS84 projection is used for all 

© 2009 The MITRE Corporation. All rights reserved.
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geodetic calculations and plotting.
• The processes are automated to allow 

for batch processing of flights.



Intent Data Processing

• There are numerous situations 
in post-analysis where the FMS

“Direct to ELP”

in post analysis where the FMS 
predicted ETAs are known to be 
inaccurate based on events that 
subsequently occurred.q y

• Cases include:
– Route changes

H ldi– Holding
– Vectoring

• Data points impacted are 
flagged to allow for filtering or 
isolated to be looked at 
separately.
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Initial Results/Next Steps
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Initial Results

• The processing and analysis is still ongoing.
• Approximately 5 500 flights have been processed thus farApproximately 5,500 flights have been processed thus far.

– Less than 3% of the flights crossed every en route waypoint 
sequenced in the initial downlink.
In 8% of the cases during the en route phase aircraft were found– In 8% of the cases during the en route phase, aircraft were found 
to be more that 4 nm off laterally from the straight line path 
between two crossed waypoints.

– These interventions impact ETA stabilityThese interventions impact ETA stability.

• Initial observations from the ETA data:
– En Route waypoint ETAs are the most stable of the three phases, 

b t b ff l t /l k h d ti i dbut can be off over longer segments/look-ahead times – wind 
impacts are currently being studied.

– Terminal waypoint ETAs are impacted by vectoring for merging 
and spacing

© 2009 The MITRE Corporation. All rights reserved.
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and spacing.
– IAP waypoints are generally not accurate till the aircraft is on 

final – mostly due to “expect vectors” at the end of STARs.



Initial Results

• Looking at ETAs down-linked after TOD can be useful to see 
the level of intervention/vectoring at each airport from thethe level of intervention/vectoring at each airport from the 
FMS perspective.
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Initial Results – ETA Evolution for a 
Single FlightSingle Flight

“Expect Radar Vectors”

ETA deltas for this 
flight were under a 
minute for the wholeminute for the whole 
flight except for the 
final approach 
waypoints.
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Next Steps

• Continue to become smarter about FMC generated ETAs
Compare winds used by the FMS to RUC forecast winds– Compare winds used by the FMS to RUC forecast winds.

– Compare IDLs to ground generated trajectories.

– Work with pilots and controllers to understand interventions & 
provide a log of their flight

– Continue collaboration to understand message sequence events 
(predictions, recalculation triggers, clearing of data, old data).(p , gg , g , )

• Develop operational concepts for ATC/AOC decision 
support tools that make use of down‐linked intent data.

• Perform flight trials to explore questions such as:
– Can FMS generated ETAs be used for merging and spacing?

Wh t th ff t f RTA t l ETA ?

© 2009 The MITRE Corporation. All rights reserved.
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– What are the effects of RTA controls on ETAs?

– How can intent data be used to improve AOC planning?



Story of COA796 (LAS - IAH)
Intent Data Playback in TARGETS
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Flight Overview
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“Direct-To”
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TOD 
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Runway Change
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