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Experiment Question

Can we build a tool to leverage historical
reroute decisions to inform day-of-
operations decisions?
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Traffic Situation Display

Flight Count

Arr | Dep |Actv Visib
ALL |ALL 9644 4269
ALL |ALL S644) 4269y

Times

Current: 1951

Flights: 1951

Tops: 1950

Jet Stream: 1758

: 1950
NOWRAD2_cn: 1939 |

NOWRAD2_sj: 1946
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Federal Aviation
Adminisirason

Traffic Control System Command Center

v | Products | Wat's New | it Map | ATGSCC FAQ | TextOnly Vers

National
12/CDM GROUND DELAY PROGRAM
Q CC ADVZY 149 DCC 07/24/12 ROUTE RQD /FL
ra I C . g g NAME: SE_TO_DC_METS
ﬁ > 3 HENTEI CONSTRAINED AREA: ZDC

VALID: ETD 242130 TO 242300
ATCSCC ADVZY 148 DCC 07/24/12 ROUTE FYI
Management
” 1% CONSTRAINED AREA: ZBW
VALID: ETD 242100 TO 250259
CC ADVZY 147 DCC 07/24/12 ROUTE RQD /FL
O . o NAME: JOT_1_PARTIAL
g g CONSTRAINED AREA: ZID
VALID: ETD 242000 TO 250000
12/CDM GS CNX
12/CDM GS CN

> Public



National Traffic Management Log

« Database for traffic flow management used mostly
for day-of-operations

« Stores all traffic management decisions and
provides communication between Centers

« Some drawbacks
— Not ideal for historical analysis
— Not spatially-enabled, it is a ‘classic’ database
— No service for users to easily collect data
— Reroutes stored only as poorly-structured text blobs



FAA Advisories

Federal Aviation
Administration

Air Traffic Control System Command Center

ATCSCC Home | Products | What's New | Site Map | ATCSCC FAQ | Text-Only Version

ATCSCC ADVISORIES FOR Tuesday, 07-24-2012

CONTROL| DATE BRIEF TITLE SEND TIME
ELEMENT

LGA/ZNY |07/24/12|CDM GROUND DELAY PROGRAM 07/24/12 21:25

ATCSCC ADVZY 149 DCC 07/24/12 ROUTE RQD /FL

NAME: SE_TO_DC_METS .
149 DCC 07/24/12 CONSTRAINED AREA: ZDC 07/24/12 21:25

VALID: ETD 242130 TO 242300

ATCSCC ADVZY 148 DCC 07/24/12 ROUTE FYI

NAME: SERMN_EAST ’
148 DCC 07/24/12 CONSTRAINED AREA: ZBW 07/24/12 21:10

VALID: ETD 242100 TO 250259

ATCSCC ADVZY 147 DCC 07/24/12 ROUTE RQD /FL

NAME: JOT_1_PARTIAL .
147 DCC 07/24/12 CONSTRAINED AREA: ZID 07/24/12 20:42

VALID: ETD 242000 TO 250000

DCA/ZDC |07/24/12|CDM GS CNX 07/24/12 20:21

145 IAD/ZDC |07/24/12|CDM GS CNX 07/24/12 20:16
a4 BWI/ZDC |07/24/12|CDM GS CNX 07/24/12 20:15
43

1
1 BOS/ZBW |07/24/12|CDM GS CNX 07/24/12 20:15
| AD 42 DCC 07/24/12 ROUTE ROD




Reroute Advisory Example

ATCSCC Advisory

ATCSCC ADVZY 035 DCC 06/16/2012 ROUTE RQD /FL

ATCSCC ADVZIY 035 DCC 06/16/12 ROUTE RQD /FL
NAME: PNH_1_PARTIAL

FROM:

ORIG ROUTE - ORIGIN SEGMENTS

IAD DCA BWI ADW >LDN J134 COLNS J6 BWG ARG FSM
IRW PNH

PHL >MXE MXE278 PENSY J110 FLIRT Jé6
BWG ARG FSM IRW PNH

>MXE MXE278 PENSY J110 FLIRT J6
BWG ARG FSM IRW PNH

PNH J58 FTI FRIHO4<

PNH J6 ZUN EAGULS<

PNH HGO QUAILG6<

PNH J58 FTI J8 GUP J72 PGS
TYSS5N3<

PNH J6 DRK J231 TNP SEAVU2<

PNH J6 DRK J231 TNP PSP KAYOH4<
PNH J78 PEE LYNDI3<

PNH J6 DREK J231 TNP PSP KAYOH4<
PNH J58 FTI J8 GUP J72 PGS HEC
LYNXX8<

PNH RSK J58 MLF ILC TATOO DUGLE
MADN5<

PNH RSK J58 MLF ILC RUMPS OAL
MOD3<

PNH RSK J58 MLF ILC TPH CANDA
HYPS5<

TMI ID: RRDCCO35
161746-170000
12/06/16 17:46 DCCOPS./nfs/lxstn28
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Federal Aviation
Administraton

Air Traffic Control Systerm Command Conter

ATCSCC Home | Products | What's New | Site Map | ATCSCC FAQ | Text-Only Version

07/24/12|COM GROUND DELAY PROGRAM 07/24/12 21:25

ATCSCC ADVZY 149 DCC 07/24/12 ROUTE RQD /FL
NAME: SE_TO_DC_METS 3
O e rpcTaiNED AREA: ZOC 07/24/12 21:25
VALID: ETD 242130 TO 242300
ATCSCC ADVZY 148 DCC 07/24/12 ROUTE FYI
NAME: SERMN_EAST ’
[ed 07/24/12{ ey ucTRAINED AREA: ZBW 07/24/12 21:10
- : VALID: ETD 242100 TO 250258
3 4 : ATCSCC ADVZY 147 DCC 07/24/12 ROUTE RQD /FL
v do g 4 NAME: JOT_1_PARTIAL ;
: ¥, 147 Dec OF332| o TRAINED AREA: 710 07/24/12 20:42
b n * VALID: ETD 242000 TO 250000

145 [woizoc Jomawnalooncsew |oanazoie
I I S an B oopanosozeann el

Service
subscription




Traffic Flow Management Data to Industry

<CTR_SEG>
<INCLUDE>INCLUDE</INCLUDE>
<SEGMENT_VALID>Y</SEGMENT_VALID>
<ORIGIN>IAD PEA 22 AL wwe/ URIGING
<ROUTE_.-TR>LDN J134 COLNS J6 BWG ARG FSM IRW PNH</ROU+E_STR>
<FULL_ROUTE>UniC /Tt ROLITES
<WAYPOINT>3885,7821,LDN,N</WAYPOINT>
<WAYPOINT>3884,7920,COLNS,F</WAYPOINT>

W/\TJell FROM:
W% lell ORIG

<WAYPO| B
<ROUTE IAD DCA BWI ADW >LDN J134 COLNS J6 BWG ARG FSM

IRW PHNH
<SEG_SO

PHL [XE MXE278 PENSY J110 F
<SEG_ID> :

<CTR_FLTR
<AIR_CAT>J </AIR_CAT>
<USER_CAT>G T F C </USER_CAT>
</CTR_FLTR>
</CTR_SEG>
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System Wide Information Management

Transition from custom, point-to-point data
connections to a service-oriented architecture

En Route Data
Traffic Flow

Weather - Tk Management L:]‘] T

LZT']
s TR L:?‘] g B

Inter-Agency

T
<TB

Surveillance



Proposed Method for Serving Reroute Data

sl .
KEAY | g . : o
iy et National
2 8T - 3 .
X VLW lcliile e e
d . ,\ '&.1 @ - 7 .
. TsDss. - [ Management FAA Website |
_ e t'l LO -.,-_uo,r;_\:quu:nr'n5~:v259 E
im ST TA N 2 i  coneranieo e 1o
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access
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Implementing a SWIM Service (short
version)

 Published data schema

« Compliant server configuration

 FAA blessing



Reroute Data Schema

| Reowe  ———%  AMMFestre
The Aeronautical

Information Exchange _—'_
Model (AIXM) is used to

build our reroute schema

—

.



Database

» Using the reroute waypoints as geographic
data, we built a spatially-enabled reroute

database

* The database system has a spatial extension
allowing for spatial data and various spatial
functions

» Populated with Traffic Flow Management
Data to Industry data



Reroute Data in Database

Data Element Count
Days

Reroutes

Reroute Time Slices

Reroute Segments

Distinct Reroute Segments

Observations

* Roughly two time slices per reroute

 Most reroute segments are unique

 About 3000 reroutes per year are implemented



Experiment Question

Can we build a tool to leverage historical decisions
to inform day-of-operations decisions?

— Not formally done today

— Difficult for traffic managers to leverage experience of
other managers in the moment

— Include new routes from segments of separate routes

— |deally this would be an unobtrusive process



Reasonable Alternate Questions

* Why not use a shortest path algorithm?

* Why bother with trouble of a spatial
database?



ATCSCC Advisory

ATCSCC ADVZY 035 DCC 06/16/2012 ROUTE RQD /FL

ATCSCC ADVZY 035 DCC 06/16/12 ROUTE RQD /FL
NAME: PNH_1_PARTIAL
I n ut D ata CONSTRAINED AREA: ZKC
REASON: WEATHER
INCLUDE TRAFFIC: ADW/BWI/DCA/IAD n
ABQ/DEN/LAS/LAX
FACILITIES INCLUDED: ZAB/ZDC/ZD June 16" 2012
FLIGHT STATUS: ALL FLIGHTS
VALID: ETD 161900 TO 170000
PROBABILITY OF EXTEMSION: MODERATE
REMARKS :

ASS50CIATED RESTRICTIONg: PASSED VIA NTML IF NEEDED
MODIFICATIONS:

« Weather and 5
] FROM: epartures between
traffic one 1900 and 2400

IAD DCA BWI ADW

management data S ey i ) S 53

from June 1 6th, BWG ARG FSM IRW PNH
2012 : Origin Airports

PNH J6 ZUN EAGULS<
PNHE HGO QUAILG<

PGS

» Traffic data from Destination Airports e

KAYOH4<

June 2nd, 201 2 PNH J6 DREK J231 TNP PSP KAYOH4<

PNH J58 FTI J8 GUP J72 PGS HEC
LYNXX8<
PNH RSK J58 MLF ILC TATOO DUGLE

5 OAL

. Issued at 17:46
« What if we were

managing traffiC TMI ID: RRDCCO35

161746-170000

a‘t 1745 on June 12/06/16 17:46 DCCOPS./nfs/lxstn28




Experiment




Experiment
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Weather Avoidance Polygons




Weather Avoidance Polygon Detall




Experiment




Input Parameters

FROM:

ORICG ROUTE - ORIGIN SEGMENTS

IAD DCA BWI ADW >LDN J134 COLNS J6 BWG ARG FSM

ol IRW PNH

PHL >MXE MXE278 PENSY J110 FLIRT J6
BWG ARG FSM IRW PNH

ROUTE - DESTINATION SEGMENTS

PNH J58 FTI FRIHO4<
PNH J6 ZUN EAGULS5<

PNH HGO QUAILG6<

PNH J58 FTI J8 GUP J72 PGS
TYSSN3<

PNH J6 DREK J231 TNP SEAVU2<

N L] LN,




Query Example

We exercise the spatial features of the database by asking

only for those segments that are disjoint from the weather
avoidance polygons

ST_Disjoint(POLYGON ((

))', ST_AsText(R1.geog) ) AND
ST_Disjoint('POLYGON ((

), ST _AsText(R2.geog) ) AND ...



— 7




PHL to LAX, Avoiding Weather




Results

* Apply shortest reroute to each destination from
PHL

« Count flights that would have been affected
« Calculate flight savings in nmi

Destination | Savings (nmi) | Flights Affected | Total Savings (nmi)




Research Achievements

* Designed a data schema for describing reroute
advisories that is compliant with widely-accepted
standards

* Implemented, populated and exercised a
spatially-enabled database with historical
reroute data based on the new schema

« Showed that access to historical reroute data
can positively inform day-of-operations decisions



Future Work

* |Implement other traffic management
initiatives to our schema

— Ground Delay Programs

— Ground Stops

— Airspace Flow Programs

— Miles-in-Trial Restrictions

» Add service layer compatible with SWIM
* Create various client applications

* Open service to beta testers



Questions?

Joseph.L.Rios@nasa.gov



Backup slides



Challenge

GIVEN:
e 82,000 routes between various airports and waypoints
e Set of origin-destination pairs

FIND:
e List of potential routes between origin-destination pairs
* Ordered by distance

NOT SO HARD



Challenge

GIVEN:

e 82,000 routes between various airports and waypoints
e Set of origin-destination pairs

e Set of polygons to be avoided

FIND:

e List of potential routes between origin-destination pairs
* Ordered by distance

* Avoiding all provided polygons

MUCH HARDER



Traffic Flow Management Data to Industry

<INDEX_ INFO>rr.dccops.Ixstn28.20120616174040,PNH_1 PARTIAL,PUBLIC,20120616212259,dcco
ps,Ixstn22</INDEX_INFO>
<CTR_HEAD>
<ID>rr.dccops.Ixstn28.20120616174040</1D>
<NAME>PNH_1_PARTIAL</NAME>
<DOMAIN>PUBLIC</DOMAIN>
<ORIGINAL_CREATETIME>20120616174040</ORIGINAL_CREATETIME>
<LASTUPDATE>20120616212259</LASTUPDATE>
<SITE>dccops</SITE>
<WKSTN>Ixstn22</WKSTN>
<STATUS>ACTIVE</STATUS>
<SHOW>0011</SHOW>
<COLOR_ID>14</COLOR_ID>
<REROUTE_TIMETYPE>ETD</REROUTE_TIMETYPE>
<REROUTE_STARTTIME>20120616190000</REROUTE_STARTTIME>
<REROUTE_ENDTIME>20120616212259</REROUTE_ENDTIME>
<AIRBORNE>ALL_FLIGHTS</AIRBORNE>
</CTR_HEAD>



Creating Weather Avoidance Polygons

Weather Data CIWS CWAM Additional AWE{Zther
Processing Hollekles
Polygons

L]

Corridor Integr{ Convective Weq Remove small
Weather Syster] Avoidance Mod polygons, cluster

3D, Precipitation, E¢ Estimates probabiliy nearby polygons
deviation




Query Example

SELECT DISTINCT
ST _AsText(ST_LineMerge(ST_Collect(
ST _GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geoq))))),
ST _Length(ST_LineMerge(ST_Collect(
ST_GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geog)))))), true)

WHERE

R1.origin = 'PHL" AND R2.destination = 'LAX" AND
R1."fullRoute" = 'ORIG' AND R2."fullRoute" = 'DEST' AND
right(R1."routeStr", 3) = left(R2."routeStr", 3) AND



Query Example

SELECT DISTINCT
ST _AsText(ST _LineMerge(ST_Collect(
ST _GeomFromText(ST _AsText(R1.geogq)),
ST _GeomFromText(ST_AsText(R2.geogq))))),
ST Length(ST _LineMerge(ST_Collect(
ST _GeomFromText(ST _AsText(R1.geog)),
ST _GeomFromText(ST_AsText(R2.geogq)))))), true)

WHERE

R1.origin = 'PHL" AND R2.destination = 'LAX" AND
R1."fullRoute" = 'ORIG' AND R2."fullRoute" = 'DEST' AND
right(R1."routeStr", 3) = left(R2."routeStr", 3) AND

Functions

provided by
PostGIS database




Query Example

SELECT DISTINCT
ST _AsText(ST_LineMerge(ST_Collect(
ST _GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geoq))))),
ST Length(ST_LineMerge(ST_Collect(
ST_GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geoq)))))), true)

WHERE

R1.origin = 'PHL' AND R2.destination = 'LAX' AND
R1."fullRoute" = 'ORIG' AND R2."fullRoute" = 'DEST' AND
right(R1."routeStr", 3) = left(R2."routeStr", 3) AND

Columnsin

database stored as
geographic data




Query Example

SELECT DISTINCT
ST _AsText(ST_LineMerge(ST_Collect(
ST _GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geoq))))),
ST Length(ST_LineMerge(ST_Collect(
ST_GeomFromText(ST_AsText(R1.geoq)),
ST_GeomFromText(ST_AsText(R2.geog)))))), true)

WHERE

R1.origin = 'PHL"' AND R2.destination = 'LAX" AND
R1."fullRoute" = 'ORIG' AND R2."fullRoute" = 'DEST' AND
right(R1."routeStr", 3) = left(R2."routeStr", 3) AND

Ensure we are
connecting

appropriate
segments
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