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Ground Rules

* Please turn off your mic and camera (for bandwidth issue)

There will be Q&A times throughout the session and at the end

— Our questions for you posted
In https://arc.cnf.io/sessions/nedn/#!/dashboard

— You can post questions
* in the same Conferences.io link or
* in the MS Teams chat box

Video recording & slides will be available on DIP website after the
workshop

There will be no break



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Farc.cnf.io%2Fsessions%2Fnedn%2F%23!%2Fdashboard&data=04%7C01%7Cyoon.c.jung%40nasa.gov%7Cd24c11a0ec5a4174895a08d99e5896a5%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C637714925587391129%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=wQcL57Wz%2F%2B7l5AAsQMXPvd2VOPkIaUiQM62hDt5rElI%3D&reserved=0

DIP Workshop Series -

* Objectives
— Obtain informed technical feedback to DIP design

— Prepare participants for what they could expect from upcoming demo
events

» Target Audience
— Flight operators — traditional and new entrants
— Service and data providers
— Research organizations
 Approach
— Present DIP at a technical level
— Walk through the capability and ask prompting questions



DIP Workshop Series: #3
DIP for Consumers

February 23, 2022




 DIP features for consumers

» Use cases with showcase demo
— NASA data integration services
— NASA developed machine learning services
— Example of User Interface: CDDR webpage on live system

* Performance metrics — accuracy
* Technical development plan and schedule

¢ Q&A
* Next step & closing remarks



DIP Features for Consumers

Pallavi Hegde
pallavi.hegde@nasa.gov
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Who are the Consumers

*  Data/Service

Consumers

 FAA
* Flight Operators
e —— | Fightoperators @ AJrports
mad « Research Orgs
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Operations
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Data Providers NASA Services Infrastructure

Research Orgs
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Onboarding Services (Providers + Consumers)

@

Complete Access
Agreement(s)

* Respond to ACO
(Announcement of
Collaboration Opportunity)

. Sign SAA (Space Act
Agreement)

« Sign ISA( Interconnection |

Security Agreement)

=

Create a User/Service
Account

« Create a User/Service
Account
» Login

onsumers

gvjiders

Consume Service

4

|

Search or Browse for
services

Discover available
services

Connect to a service
Consume a service

Register Service

V

Register Service
Provide Metadata

info- release
information, API spec,
service end point URL,
category list,
authentication and
authorization details




: O
M DIP Platform Quick Start Documentation Contact Us Sign In

Explore the leading platform
of aviation service and data offerings

[ SignUp ]

Get Started

Need Help? )
\ I /7 \
)
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) \ EEEE
HEE
LEARN-MORE CATALOG SERVICE UPCOMING EVENTS
Learn more about the Discover available services Updates on the latest
Digital Information Platform Connect to services industry events




Catalog Service Page
Mockup

NasA  DIP Platform

Register Documentation Advanced Search

Filters
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Traffic Management
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Features & prediction of real-time runway
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Provider ~  Lair traffic planning services
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Configuration
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Scheduler Service

Request Help | Submit Feedback

RemmmEﬂded All Recommendations )




Service Registration Card

Unique ID

Provider | Metadata
Version

API Specification

Description URL
Capabilities Release Notes
Performance Category List
Dependencies
Financial
Price Model Signatures
il Other: pubications, links, ...

Consumers might be interested in:

 Information about the Service Provider

« Claims about the service: features, capabilities,
performance, etc.

* Financial Information: what a consumer can
expect in terms of cost of usage

 Metadata: release information, APl spec, service
end point URL, category list, service and data
dependencies, other requirements need for access

« Search key fields : for discovering the right
service to use

NASA will discuss with partners about additional information to be included in the service registration card

12




REGISTRATION DISCOVERY

Enter service information Digital Information Platform Search or browse for a service
Into a registration form/document - verifies document - category/keyword/advanced search
(Automation under consideration) - Persists information - verifies document
- confirms registration - checks visibility
10 sozsosmnmtn:
= % > = G
|weather> | predict>
- labels X | - filters — !
[/] rating
‘ [ ] provider
< - rating

Service

Service 0 0
PROVIDER Catalog Service CONSUMER




Account Creation Iﬁ
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Use Cases with Showcase Demo

Shawn Gorman
shawn.m.gorman@nasa.gov

Jeremy Coupe
william.j.coupe@nasa.gov

Eric Chevalley
eric.chevalley@nasa.gov
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NASA Planned Services

» Data integration services

— Integration of multiple sources into an added value service
 Flight data integration (Fuser)
 Traffic Management Initiative Service

* ML Prediction Services
- Can be used to what-if different combinations of inputs

- More inputs required

« Data Access APIs
- Returns data produced by the NASA services infrastructure

- Minimal inputs required

- Inputs needed to produce a prediction were provided and orchestrated by the NASA
service infrastructure



Data Integration Services - Fuser

« System that can mediate between disparate Pro%?}:ers
sources of data, pulling in the right data, at EAA sources
the right time

« Composed of multiple components providing

— Parsers for various data sources
— Matching Services providing a global unique
identifier (GUFI)
— Fusion Services
* Transformation Other sources
* Filtering
» Updating
« Mediation
— Common well-defined schema




Beyond Fuser

* Fuser gets you closer to where you want to be faster
 Build data services on top and make them available

. ‘ Services
Fuse

.Analysis %‘

DIP takes us here!
Fuser gets
you here!

. Parse

.Consume




vasa NASA ML-Services Available on DIP Platform Summer 202

1) Runway configuration prediction: predicts the set of active runways in 30-
minute increments up to six hours into the future

2) Runway prediction: predicts the runway for departures/arrivals

3) Unimpeded taxi time: predicts unimpeded taxi time between gate and
runway for departures and between runway and gate for arrivals

4) Estimated ON time: predicts the estimated landing time for arrivals

5) Estimated Take Off Time: predicts the take off time for departures
incorporating all known constraints along terminal boundary and surface



1) Departu re Ru NWaY = Returns the coalesce of the actual (external source), detected (detection logic using position data), or
modeled (predicted using machine learning model or decision tree service) departure runway value for a single flight.

2) Arrival Ru NWaY = Returns the coalesce of the actual (external source), detected (detection logic using position data), or
modeled (predicted using machine learning model or decision tree service) arrival runway value for a single flight.

3) Departu re Ru nway Utilization - Returns a collection of utilization values per departure runway that span a user defined
time range and departure airport.

4) Arrival Ru nway Utilization - Returns a collection of utilization values per arrival runway that span a user defined time
range and arrival airport.

5) Departu re Fix Utilization - Returns a collection of utilization values per departure fix that span a user defined time range
and departure airport.

6) On Time - Returns the coalesce of the actual (external source), detected (detection logic using position data), or modeled
(predicted using machine learning model) arrival runway (ON) time for a flight or set of flights.

7) Taxi In Impeded = Returns the coalesce of the actual (detected) or modeled (predicted using machine learning model)
impeded taxi in time for a flight or set of flights.

8) Taxi In Unimpeded = Returns the coalesce of the actual (detected) or modeled (predicted using machine learning model)
unimpeded taxi in time for a flight or set of flights.

9) Taxi Out Unimpeded = Returns the coalesce of the actual (detected) or modeled (predicted using machine learning model)
unimpeded taxi out time for a flight or set of flights.

10) Flight Info —Returns a collection of predictions and resources for a set of flights within a defined time window for a given airport



NASA Services Infrastructure

* A Fuserinstance processes data from the FAA
SWIM Cloud Distribution Service (SCDS), along g Rest

. . @8] NASA Cloud i
with other airline data feeds Endpoints
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Fuser Streaming Architecture

Authenticate and get token l

Token validation

Application Load Balancer ECS MQ Data Stream
(HTTP and Web Sockets, Streaminjg service
Sticky Sessions)

« Node.js Service running in ECS |

. Utlllze_s socket.ull Ilblrary (websockets++) - 0—

« Cognito Authentication (JWT) O o— J
- Signature validation with Cognito RSA public key Farcate Fs Tesk Flastic Contaer Regity
- Custom Scope validation

« Endpoints Exposed by Application Load Balancer

« Consumes from AWS MQ, broadcasts over socket

to all connected clients




Service Consumption Demos

* Consuming Fuser stream via Socket.|lO

 NASA Departure Runway Service using Postman

NASA Runway Utilization Service using Python and Plotly/Dash
NASA Flight Info using JavaScript

* Only the data is being made available via the DIP platform
** Visualization capabilities shown in the demo are not part of the DIP platform




”%ﬁ S > onsuming the Fuser stream.Client,. > DIP ¢

f

getToken() {
Use any socket.io client lent_id =
library

Get a token from Cognito |
password: client_secret
Connect
Listen f params = new-url.URLSearchParans ({ grant_type: ‘client_credential lient id });
ISten 10 messages resp = await axios.post( e ToString() {arthsat

Connection StayS open console.log(resp.data.access_token)

eturn resp.data.access token

until client closes it

run() {
1t getToken()
ket = 1o( :
transports: |[| "websocket

5,
t):
1/




 Postman client for

testing

 Socket.io client
libraries available
In most languages

cket.IO Socket Collection | Fuser_Stream E Save v oo 2 Feedback

http:/f{{s

ketio_url}}?token={{access_token}} Connect

Params ®  Headers  Events  Settings

+ Arg Text v [] Acknowledgement | Event name, defaults to "message’
Messages CONNECTED
‘ Q Searc All Messages v @ Clear Messages Lislenerso
@ Stoppedlisteningto | message 17:28:02
) message <env:matmTransferEnvelope xmlns:com="http://www.mosaicatm.com/matmdata/common” xmlns:ext="http://www.mosaicatm.com/matmdata/flight/extension" xmlns:ax="http://www.mosaicatm.com/m.. 17:28:01 A
MLy S Show Hexdump Q

genv:matmTransferEnvelope xmlns:com="http://www.mosaicatm.com/matmdata/common” xmlns:ext="http://www.mosaicatm.com/matmdata/flight/extension" xmlns:ax="http://www.mosaicatm.com/matmdata/aircraft" xmlns:env="htt

2 <flights>

3 <changes>extensions.asdexExtension.lastAsdexPosition</changes>
4 <changes>position</changes>

<lastUpdateSource>ASDEX</lastUpdateSource>
<systemId>ASDEX</systemId>
<timestampSource»2022-02-22722:28:02.000Z</timestampSource>
8 <timestampSourceProcessed>2022-02-22722:28:01.771Z</timestampSourceProcessed>
9 <timestampSourceReceived>2022-02-22722:28:01.770Z</timestampSourceReceived:
10 <timestamp>2022-02-22722:28:01.774Z</timestamp>
11 <timestampFuserReceived>2022-02-22722:28:01.774Z</timestampFuserReceived>

senrfarahirnnres

A maccana samutmatmTrancfarEnualana vmlnetaam="h++nt [ funm macainntm anm/matmantalanmman®” vmlnctavi="h++n' [ funs macndnntm nnm/matmdata [F1inh+ lavbancian” vmlnctav="h++n [funm macadinatm Anmim 17920




Departure Runway Service Demo using Postman o

* NASA Departure Runway Service - The Departure Runway Service returns the

coalesce of the actual (external source), detected (detection logic using position data), or
modeled (predicted using machine learning model or decision tree service) departure runway for

a flight or flights.

* Postman
- Opensource utility for evaluating API requests
» Graphical interface for accessing REST endpoints
« Automatically formats text responses

e Built-in HTML Visualizer
e https://www.postman.com/

- Codeless approach for testing API requests



https://www.postman.com/

N@ﬁ .. == Postman — Making a Request S o pIE o

T

Departure Runway Airport

* Request Cognito Token

— Request requires known puams Auorzsion s beaders (1) Bty
client id and secret

* Create APlI CRUD Request

— Provide the message body

Authorization

— Provide the token

— Provide the content type and  EEE e U
APl key

VALUE
Content-Type application/json

x-api-key




—

Jairport/departure/runway

Body

"departure_aerodrome_icao_n

"start_time":"2022-02-89

"end_time":

"acid": A7743",
"departure_aerodrome_icao_name":
"arrival_aerodrome_icao_name":
"igtd":

"departure_runway":
"departure_runway_source

"timestamp":

"acid": "ENY3546",

"departure aerodrome icao name":




unway Custom Visualization:Using:Postma

* Results display using custom visualization code
* Postman provides templating which support HTML and JavaScript

1 B Pre-request S t Tests
POST /airport/departure/runway Send v
var template - ~
<styleﬂ
th {
background-color: #00027b;
color: white;

s (11) Pre-request Script

form-data x-www-form-urlencoded raw binary GraphQL

}
tr:nth-child(even) {
background-color: #f2f2f2;

}
td, th {
text-align: center

"departure_aerodrome_icao_name": "KDFW",

"start_time":"2022-02

"end_time": "2022-02-10 00:00:00

3
</style>

<table border="1px soli

s Headers Test Results
Visualize
Destination Timestamp
2022-02-09 2022-02-09
CVATT743 KDFW KIAH 23-45-00 17R modeled 2359-42
2022-02-09 2022-02-09
ENY3546 KDFW KGPT 23-38-00 17R detected 23-50-42
2022-02-09 2022-02-09
ENY4327 KDFW KACT 23-43-00 18L detected 2359-42
m.visua izer.se:(template{ i 2022_02_09 2022_02_09
" response: pm.response.json AAL1011 KDFW KLGA 23-14-00 17R detected 23-59-42 .




LTI~

« Using requests module in Python to obtain data:
— Obtain access token
— Post request to APl URL S TT—

‘arrival runway actual': '17L°,
. . ‘arrival_runway count': 1},

— Data returned In json format {"hour': 10.0, 'arrival runway_actual': "18L', ‘arrival runway count':

{"hour': 10.0, 'arrival runway_actual’': "18R', ‘arrival runway count':
{"hour': 11. ‘arrival runway actual': ‘'17C', ‘arrival runway count':
{"hour': 11. ‘arrival runway actual': '17L', ‘arrival runway count':
{"hour': 11. ‘arrival runway actual': '18L', 'arrival runway count':
{"hour': 11. ‘arrival _runway actual': '18R', 'arrival runway_ count':
{"hour': 12. ‘arrival _runway actual': '17C', ‘arrival runway_ count':
{"hour': 12. ‘arrival_runway_actual': '17L', ‘arrival_runway_count':
{"hour': 12. ‘arrival runway actual': '18R', 'arrival runway count':
{"hour': 12. ‘arrival _runway actual': '35C', ‘arrival runway count':
{"hour': 12. ‘arrival_runway actual': '36L', 'arrival runway_count':
{"hour': 13. ‘arrival runway actual': '17C', 'arrival runway count':
{"hour': 13. ‘arrival runway actual': '17L', ‘arrival runway_ count':
{"hour': 13. ‘arrival runway actual': '18R', ‘arrival runway count':
{"hour": ‘arrival runway actual': '31R', ‘arrival runway count':
{"hour": ‘arrival runway actual': '35C', 'arrival runway count':
{"hour": ‘arrival _runway_actual': '35R', ‘arrival runway_ count':
{"hour": ‘arrival runway actual': ‘'36L', 'arrival runway_ count':

-

-

-

{'arrival aerodrome icao name': ‘KDFW',
‘start _time': '2022-02-10 10:00:00",

-

v

-

‘end time': '2022-02-10 16:00:00'}

-

.- . .

-

-

b&ab&@@@@@@@@@@@@@
-

« Using Plotly/Dash modules for visualization



Arrival Runway Utilization Chart

: X_API_KEY,
token|
:AIRPORT_ICAO,
3
url = API_URL

response = requests.post(url, json=data, headers=headers)
print(

Data requests from API

Get Access
Token

Bar chart generation

[l ash X+ = X
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. e e
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 Visualization of NASA Flight Info Service data in web client table
— Including search, sorting, and filtering capabilities

 Built using Node.js, paired with React and DataTables for front end

API call using Axios to retrieve and save DIP React method to create DataTable using cached data
Service Data and columns (same values as ‘fields’ in API call)



Flight Info Service Demo Web Client._

NASA DIP NAS Model Web Display Flights TMiIs Airport Configs D10 Change Region Change Host ~
Show| 10 v |entries Search:
Acid 2 Departure Aerodrome Arrival Aerodrome Icao lgtd %?::Tg: dFIg(u-Ir-::in: ':t Departure Ifix Dez::;t:tr;::ecl):;;ndent
Icao Name Name Millis Undelayed Time Duration Millis
|Search Acid |Search Departure Aeroc [Search Arrival Aerodron Search Igtd [Search Departure Fix Ti [Search Departure Fix U |Search Departure Move [
+ AAL1001 KDFW MMUN 2022-02-10 16:40:00 580293 409000
+ AAL1002 KEGE KDFW 2022-02-1021:38:00
+ AAL1008 KDFW KATL 2022-02-10 18:35:00 495199 409000
+ AAL1030 MMUN KDFW 2022-02-10 20:25:00
+ AAL1035 KDFW MSLP 2022-02-10 18:37:00 580293 409000
+ AAL1053 KDFW MROC 2022-02-10 17:30:00 580293 409000
+ AAL1062 KDFW KMIA 2022-02-10 16:55:00 522526 409000
+ AAL1064 KDFW KAUS 2022-02-10 20:46:00 402317 409000
+ AAL1065 KAUS KDFW 2022-02-10 18:35:00
+ AAL1065 KDFW KAUS 2022-02-10 16:39:00 566883 409000
< >
Showing 1 to 10 of 598 entries SearchPanes | Resetcolumn order || Close details || Clearfitering | |~ Remove table | Previous ‘i‘ 2 3 4 5 .. 60 Next
Add table Reset tables No saved layouts Layout name... Save layout




NASA Developed Machine Learning Services




ATD-2

[ 1. Break up Monolithic TOS ]

TOS
Configuration
Runway

Taxi Time
ON Time

NASA network

A

Flight Operators and ATC

nlo

|

2. Apply ML to ‘T DIP

Prediction Services

Fuser/DIS

Platform

J

e,

Flight Operators and ATC

[ 3. Access via Cloud ]

%

Service Providers

[

4. Provide as
Building Blocks

“‘DIP-itize” — Scalability towards NAS-wide implementation




> ——— configuration

——— runway

DIP — taxi time
MEUGUEN | ostimated ON

—— estimated OFF
TOS reroute

NASA Cloud
/

Fuser Data Feed




”@f‘- %@ﬁ‘b%ﬁve Digital Departure

On March 26, 2021, American Airlines
1822 flew Dallas/Fort-Worth (DFW) to
Fort Myers (RSW) on a reroute
recommended by NASA

LOW BLE-GRAAKY
o o o o

20 Miles-In-
Trail Imposed
NEL JAs RDADAR, on Filed Route

o—90 9 9

American Airlines 1822 was initially filed on the
ATD-2 projected surface delay due to constraints on the East departure gate
Based on American TOS preferences, ATD-2 recommended the blue
reroute out the south gate
Even though the blue route was 42nm longer, by flying this TOS alternate
reroute, American Airlines flight 1822 saved:

» 16 minutes of surface delay (at takeoff)

» 20 minutes of surface delay including subsequent departure flights in

the American fleet (aggregate system savings)
* 11 minutes of arrival delay (at the destination’s parking gate)




Ways to Access NASA Services

 CDDR cloud-based TOS table: prediction services write results to the
backend system which show real-time data in cloud-based User Interface

« Consume real-time Fuser data: prediction services write results to the real-
time Fuser data feed which can be consumed as pub/sub service

* Query data access API: prediction services write results to data archive
which can be queried for near real-time or historical results

* Query model APIl: machine learning models can be queried in what-if mode
where user provides required input and model returns the prediction



» Fuser Data

* ML Prediction Serv.
* CDDR Services
* Web Ul

ATC Coord.

ATC Coord may
use CDDR to
identify tactical
reroute

SA1-a demo
use case

FO’s Network

Eg. dispatch may
use CDDR to
identify
strategic reroutes

SA1-b demo
potential use case

Eg. Non-
NASA Ul

Other users Other
use cases
leveraging

data/services

SA1-b and PS demo
potential use cases




Legacy systems

Data < 4 » ,/\/ - + FO/ ATC
Producers .
FAA sources > A | nte rfa Ce
Reroute coord.
*FO Requests
Other sources FDus lerP ® ATC ApprOveS

TMI Service

TOS service
CDDR Web Ul

Airlines Operation Centers




Example of User Interface: CDDR
Webpage On Live System




FO side

[ Search [ Clear

femom| o E=
LRI PGLET 20MIT N_Normal ‘ATOSA DFW ‘ FW |

DIP CDDR'Interrace — Mozilla Firefox

TM Actions Create ‘ Show window” Taxi List [ TOS [ Settings

& DIP CDDR Interface x BEE

£
q]
11t

< C @ QO DO localhost 80%

: 16:00:. Add new tabl B6 BLECO ICT A319
Updated: 16:00:28 AAL Settings Help Feedback Log Out SiE a5 T TRRCHE

HOT

0 ENY43

= . P citer | Filter: (Eligibility State = Candidate) AND (Coord State = Not Submitted) AND (Flight Status = Scheduled) AND (EOBT < Minutes 30)) OR (Has Scratch Pad isTrue) oo p—
Scratch Pad I‘:"m Dest: Route of Flight Z::’g EOBT: ETOT Z,‘;T Top CDR T;:‘(;:: ;:‘psp:: A:TF?g w:; T;:"": m :':::"‘ ;::i:""’ :;“’:"
RTC Del Sav

» ENY3 AMA KDFW.HUDAD2.HUDAD..PNH. KAM... WES' DFWAMAIN 50 97.3 +52 +8 Scheduled Candidate Not Submitted

» ENY3567 ABQ KDFW.HRPER3HULZE.TXOMIER.. WEST DFWABQIN -52 97.1% +54 +10 Scheduled Candidate Not Submitted

» AAL2722 RNO  KDFW.HRPER3.HUI FT1.J58. DFWRNOIN 38 95.9 +6( +27 Candidate Not Submitted

BUR KDFW.HRPER3.HULZE..TX0.J72 WEST DFWBURIN 48 +67 +27 Candidate Not Submitted

7 MSY KDFW.MRSSH2.ZALEA.SWB.LSU EAST DFWMS 31 +49 Candidate Not Submitted

TLH  KDFWMRSSH2ZALEA SWB.MCB... EAST DFWTLH1S a7 27 Candidate  Not Submitted
Show 10 v fiights , , I
= = — rier | Filter: (Top Add nm < 0) — Remove
= Top . R
Flight . Dep Top Dep Top OFF  Top ProbDel  T™MI Flight Eligibility Coord
Scrtch Pad D Kavy] Destt, Rouis of Eont Gate ToPCORLY) | cte Ax DelSav Sav>RTC Info  Stats State State
» AAL1923 HDN  KDFW.HRPER3HULZ DFWHDNKC NORTH 35 56 Scheduled  Candidate  Not Submitted 008 B0l ORDIAKLUY
»AAL2357 36R DEN KDFWHUDAD2HUDAD.PNH.ZIG DFWDENOP NORTH 2 0 In Queue Not Submitted L S
Show 10 v fiights € 1 N MCI E170 ENY
BLECO ICT E145 ENY4101
64 E145 MOB THHOR E24A 20M
Filter: (Coord State one-of: FO Submitted, ATC Approved, Reroute Filed, Pending) e

+ v Columns Filter Search:

AH DAR
9 EWR TRRCH E9 E:1536

D-STBO’s Map FeASTRR . L i e 1L‘TFF‘H
Displays: :
- Flight position
with datatag
- Fixes and
restrictions

20M A 8 EWR TRRCH D31 E:1532

o
BEL JAS R

D-STBO’s Timeline
Displays:
- Flight datatag

Predicted times
(eg. off times or and

on times)

Note:

D-STBO is not part
of the CDDR web
Ul that will be
accessible via DIP




NASA CDDR Webpage — TOS Tables For-Flight Operator

FO side

B DIP CDDR Interface Updated: 16:03:54 AAL Settings Help Feedback Log Out

Main TOS Table displays
(data fields can be tailored

tO eaCh table): | Filter Filter: ((Eligibility State = Candidate) AND (Coord State = Not Submitted) AND (Flight Status = Scheduled) AND (EOBT < Minutes 30)) OR (Has Scratch Pad isTrue) Sareth
- Scratchpad Prob
e o P | ey Rt DeiSaws, AALFeet N, TN, T Fignt  igiiny

- Flight data » ¢ Flight a>c  MALFESt oy’ ey o | Sums | sue |
- Flight state |» AAL2722 RNO  KDFW.HRPER3.HULZE. FTI.J58.... DFWRNOIN ’ 98.2% 424 +78 Scheduled Candidate  Not Submitted
- EOBT _ |» AAL1923 HDN  KDFW.HRPER3.HULZE.TXO.TCC.. WEST DFWHDNKC : 97.9% 539 +57 Scheduled Candidate  Not Submitted
- Best alternative route » ENY3908 AMA  KDFW.HUDAD2.HUDAD..PNH..KAM... WEST DFWAMAIN - 97.1% 629 +53 Scheduled  Candidate  Not Submitted
- Relative Trajectory |¥AAL1208 BUR  KDFWHRPER3HULZE.TX0.J72... WEST DFWBURIN E 86.9% 379 +49 Scheduled  Candidate  Not Submitted

Cost (RTC hidden in

th|S example) Route Options Menu - AAL1208
- Alt rte OFF time Addnm - ETOT OFF Del Sav - Eligibility State
- Alt rte delay Savings KDFW.HRPER3 HULZE.. TX0.J72.ABQ.J6.EED... 17:21

) ) KDFW.LOWGNS.ADM.J52.CRUSR.J6.PNH.J6.E... DFWBURIN +60 16:47 -34 Candidate Not Submitted

- Fleet Delay SaVIngs if KDFW.NELYN6.HOARY..JCT.J86. ELPJ50.TF..  DFWBUR1S +143 16:47 -34 Potential Not Submitted

flight flew alt rte KDFW.NELYN6.SAT. FST.J86.ELPJS0.TFD...  DFWBUR3S +187 16:47 -34 Potential Not Submitted

KDFW.NELYNG6.SAT..DLF..FST.J86.ELP.J50... DFWBUR2S +211 16:47 -34 Potential Not Submitted

- IN delay on filed rte
- IN delay savings on alt

route

- TMiIs on filed rte Flight Route Options Menu displays (data can be tailored as well):

- Alt rte eligibility status - Filed route (first row): gate, runway, route distance, predicted off time

- Alt rte coordination - Alternative routes (subsequent rows): CDR, dep gate, predicted runway, route distance, additional mileage, predicted off time, delay
status savings, eligibility state (candidate = delay savings > RTC, potential = delay savings < RTC), coordination state (indicate if route is

submitted, approved, unable, reroute is filed, or excluded (due to TMIs)



FO side

1) FO right-clicks
and submits a
reroute request for
an alternative route
with benefits

2) A dedicated main
TOS Table shows
the route has been
submitted

Route

citer | Filter: ((Eligibility State = Candidate) AND (Coord State = Not Submitted) AND (Flight Status = Scheduled) AND (EOBT < Minutes 30)) OR (Has Scratch Pad isTrue)

Updated: 16:

|| Search:
:"" * Dest' Route of Flight : x EOBT: ETOT: :‘:n * TopCDR * T;:.:: ;:r:::. A:?l:::l‘ D*';: T;::: : ¢ ;'::
RTC Del Sav
» ENY3908 AMA KDFW.HUDAD2 HUDAD..PNH..KAM... WEST  16:34 17:56  17:02 DFWAMAIN -54 98.2% -69.1 +59 +12 Scheduled
|»AAL1923 HDN  KDFWHRPER3HULZE.TXO.TCC.. WEST 1627 1746 1702  DFWHDNKC 44 97.8% 497 459 +10 Scheduled
» AAL2722 RNO KDFW.HRPER3.HULZE.FTI.J58... 16:12 17:13 1642 DFWRNOIN -30 90.3% -59.2 +59 +34 Scheduled
|» ENY3567 ABQ KDFW.HRPER3HULZE.TXOMIER... WEST  16:27 17:42 1702 DFWABQIN -40 89.3% -49.7 +52 +21 Scheduled
|vAAL1208 BUR KDFWHRPER3HULZE.TXOJ72.. WEST 1619 1717 1657  DFWBURIN 2 63.3% 580 446 +33 Scheduled

© CDR © Dep Gate
WEST

KDFW.HRPER3.HULZE..TX0.J72.ABQ.J6.EED...

KDFW.LOWGNB8.ADM.J52.CRUSR.J6.PNH.J6.E...

KDFW.NELYN6.HOARY..JCT.J86.ELP.J50.TF..
KDFW.NELYN6.SAT..FST.J86.ELP.J50.TFD....
KDFW.NELYN6.SAT. DLF_FST.J86.ELP.JS0..

+ Columns Filter

~ FlightID

» AAL1208

DFWBURIN
DFWBURI1S
DFWBUR3S
DEWBUR2S

© Rwy
BUR

Route of Flight
KDFW.HRPER3.HULZE..TX0.J72....

Route Options Menu - AAL1208

Add nm  ETOT
17:17

OFF Del Sav = Eligibility State

+60 16:57
+143 16:57
+187 16:57
+211 16:57

Filter: (Coord State one-of: FO Submitted, ATC Approved, Reroute Filed, Pending)

© DepGate « EOBT

WEST 16:19 17:18

A
v

Top ETOT ¢
16:58

-21 Candidate
-21 Potential
-21 Potential
-21 Potential

TopCDR = Flight Status
DFWBURIN

Scheduled

Eligibility
State

Candidate
Candidate
Candidate
Candidate
Candidate

39 AAL Settings Help Feedback Log Out

Coord
State

Not Submitted
Not Submitted
Not Submitted
Not Submitted
Not Submitted




ATC side

Timeline indicates
flight with “T”
submission

TOS table lists flights
with submitted routes

TOS Alert pops up
when a flight has a
reroute request
submitted

Metroplex Planner - DFW Toolbar

‘ TM Actions [ Create Hshow Window‘ Taxi List H

DFW STOP 1459-1630 CX

N_Normal DFW ‘

dilhlaass T
(T ZERLL

H Settings | ‘ Search ﬁ‘ Clear | [ptroplex Planner - DF
View

Help

File View

Metroplex Planner -

File

Metroplex Planner -

View

+*
SEIENEIREPER 45 45
MOBEDHHGHIDR

LE

Q%00

BRI CE

Bl E

Alpjajax[e]o]

e

» AAL1208

@ DIP CDDR Interface X +

© O DO localhost

[=J DIP CDDR Interface

Columns Filter Filter: (Coord

Dest' Route of Flight

BUR

KDFW.HRPER3.HULZE..TXO.

DFW TOS Alerts

DIP CDDR Interface

an New Operator Submission

AAL1208

ok |

Mozilla Firefox

16:10:55 DFW Settings Help Feedback Log Out

Agg
D10

Del

Top

Sav

Flight
Status

-25.8 Scheduled

Search:

TMI  Eligibility
Info  State

Candidate

Remove

Coord
State

Scratch Pad

FO Submitted

4| | % | | coums | | Fier | Fiter: Coord Seareh Remove
Scratch Pad Flight ID Rwy Dest Route of Flight Dep Gate EOBT ETOT Flight Status TMI Info Coord State
No matching records found
Show 10 v fiights L Nex
% ™ G Fiter | Filter: (Eligibility State = Excluded) OR (Coord State = Pending Exclude) — r—
earc
Flight ID Rwy Dest Route of Flight Dep Gate EOBT ETOT Flight Status TMI Info Coord State Scratch Pad
No matching records found
Show 10 v fiights Nex




Metroplex Planner - DFW Toolbar

ATC S i d e [ TM Actions H Create Hshow wIndowH Taxi List

TOS

m‘ DFW STOP 1459-1630 CXL N_Normal DFW H ZFW

x
H Settings ‘ [ Search ‘ Clear letroplex Planner - DFW M v (A (X Metroplex Planner - DF v (A (X Metroplex Planner - D v I~ (X

View Help | File View

Help | File View Help

[ [@] o [=]]/]&]

v

EHRER RO E R R E R E RO EI R ER

]

YN
[ ]

Metroplex Planner - DFW Timeline Runway West East

1) ATC right-clicks and
“Approve” the reroute

from STBO timeline

(this can also be

accomplished on the

CDDR Web Tables)

Note: the ATC will then
amend the filed route on
the FDIO system using
the CDR reference

2) Dedicated TOS table lists
flights approved for reroutes

Approve DFWBURLN camjidatuk ETOT=16:52 DelaySavings=-35

TOS Flight Menu

Open Scratch Pad
Mark Scratch Pad As Read

Exclude from Fix Closure
Exclude from MIT

Change Runway »
Change Departure Fix »

OPSNET

Emergency »
I3 Suspend
Delete Datablock
Properties
H| H|
H]
+ + Columns

Filter

¥

FFI1247

Flight ID Rwy Dest Route of Flight Dep Gate

» AAL1208 BUR KDFW.HRPER3.HULZE..TX0.J72.... WEST

DIP CDDR Interface — Mozilla Firefox v (A (X
| © DIP CODR Interface  [llx | +
QO DO localhost:3001 0% Ty =
(-] DIP CDDR pdated ES N Add new table [V etting elp Feedba og O
N v — Fiter | Filter: (Coord State one-of: FO Submitted, Pending) ] T
Top Top Top
Top
Flight Dep Top off Mo® N AW Lot TM Eigibility. Coord
Rwy  Dest  Route of Flight CPDLC: EOBT" ETOT' Top CDR DFW: DFW: D10 Scratch Pad
D Gate ETOT  Del Status  Info  State State
Say D¢ Del  Del
Sav Sav  Sav
» AAL1208 BUR KDFW.HRPER3.HULZE..TX0.J72.... WEST 16:19 17:27 DFWBURIN 16:52 -35 -63.5 131 -91.6 Scheduled Candidate  FO Submitted
Show 10 v fiights Previous | 1 | Next
Filter: (Coord State one-of: ATC Approved, Reroute Filed, ATC Unable) Remove

Flight Status Coord State

Scheduled




FO side

TOS Alert
The FO is

alerted of AAL1208 - ATC Approved
the ATC
approval

Later on, when the route is amended and in SWIM data, the system will detect the new route and updates the
Coordination State to “Reroute Filed”




FO side

1) FO right-clicks
and submits an
alternative route
(alternative route
is shorter than
filed route)

2) A dedicated
main TOS Table
shows the route
has been
submitted

+ Columns Filter Filter: (Top Add nm < 0)

| || | |

| v AAL1923

.
¥

KDFW.HRPER3.HULZE..TCC..CIM..HBU..RIL...

KDFW.BLECOB8.IRW..GCK..GLD..DVV..CHE

KDFW.BLECOB8.ZEMMA. PER. HYS..LBF. BFF... DFWHDNPH

$ 0 “ CPDLC  Rwy Dest Route of Flight EOBT ETOT ETOT - TopCDR = Dep $ Add
L Gate nm

HDN  KDFWHRPER3HULZE..TXO.TCC... WEST

Top Top Top

17:16 DFWHDNKC NORTH -35 -32 36R Scheduled  Candidate Not Submitted

Addnm ETOT OFF Del Sav  Eligibility State - Coord State
17:48

35 17:16 -32 Candidate Not Submitted

+95 17:16 Not Submitted

» AAL2359

KDFW.HUDAD2.HUDAD. PNH..ZIG...

17:22 DFWDENOP NORTH -22 0 36R Scheduled  Potential Not Submitted

v Columns ‘

Show 10 v flights

KDFW.HRPER3.HULZE..TX0.J72....
KDFW.HRPER3.HULZE..TXO..TCC...

g

| Filter Filter: (Coord State one-of: FO Submitted, ATC Approved, Reroute Filed, Pending)

Search: Jaltamove ‘

16:19 17:02 Scheduled
16:35 17:48 17:16 DFWHDNKC  Scheduled




ATC side

1) ATC right-clicks and
“Unable” the reroute
from the Web Table

Metroplex Planner

- DFW Toolbar

TM Actions || Create  |[show window|| TaxiList ||

H Settings ‘ [ Search "7\[ Clear ‘ letroplex Planner - DFW M v) (A) (X Metroplex Planner - D Al (X |

View Help | File View Help

Metroplex Planner -

Metroplex Planner - DFW Timeline Runway West East

Departures

MEM HANUH

plajaixlofof:s 5| [ F[A]p[aa]x[0]o]:

DX410 MD11

& DIP CDDR Interface X |t

F=J] DIP CDDR Interface

+ v Columns Filter

v AAL1923

HDN

Route

(e ) O D localhost

Rwy ' Dest Route of Flight

KDFW.HRPER3.HULZE..TXO..TCC... WEST

KDFW.HRPER3.HULZE..TCC..CIM..HBU..RIL.
KDFW.BLECOS8.IRW..GCK..GLD..DVV..CHE

DIP CDDR Interface — Mozilla Firefox

Filter: (Coord State one-of: FO Submitted, Pending)

Top Top Top

TP A N Agg
T OFF Flight ™I ligibili
PP . CppLc: EOBT* ETOT: TopCODR @ P DFW: DFW: D10: _° Y
Gate ETOT  Del Status  Info  State
oo Del Dl Del

Sav Sav  Sav

17:53 DFWHDNKC 17:18 132 -76.0 Scheduled

Dep Gate Rwy OFF Del Sav' ETOT
WEST 36R 777 17:53

DFWHDNKC NORTH 36R - -36 17:18
KDFW.BLECO8.ZEMMA. PER..HYS..LBF..BFF... DFWHDNPH NORTH Approve -36 17:18

Albjajajsiefo

Candidate

Show 10 v fiights




ATC Makes A Scratchpad Entry

ATC side
1) Tower makes a | Scratch Pad
scratchpad entry with
some additional
Pending TMI on route due to WX

information for the

flight they are not able
to approve




FO side

1) The scratchpad entry
appears in the TOS Table

2) FO can open the
scratchpad and respond to
the tower to acknowledge
the message

Scratch Pad

Source

DFW

' Roger thaf]

Time

16:38:08Z

Message

Pending TMI on route due to WX




Accuracy Metrics

Jeremy Coupe
william.].coupe@nasa.gov



mailto:mohamad.s.refai@nasa.gov

... Accuracy Metrics for NASA Prediction Services s’

NASA developed a variety of predictive models to support CDDR and
wants to assess the performance

Use Cases:
1. Understanding system performance

2. Evaluating model drift
3. Comparing against other modeling approaches

Example performance metrics:
— Classification: accuracy, precision, recall
— Regression: mean absolute percent error, percent within +/- X minutes
— Groupings: all flights, flights with correct upstream inputs



* ML models support field demonstration, so it is critical to understand if
performance is good enough to enable user decision making

100%

» Helps identify ‘blips’ in performance 90% A M APIM AN A N AN

— Example: on day X, arrival runway so W TV W VVL} V7 VM VA

prediction accuracy dropped from its 70%
normal level of 85% to 40%. What caused
this? Was accuracy reduced all day long,
or for some period of the day?

60%

50%

40%

Performance metric

30%

« Short-term monitoring essential for 20%
diagnostic purposes but sometimes 10% —Training performance
. . —Live performance
surfaces transient behavior 0%
0 20 40 60 80

Date



Use Case: Evaluating Model Drift o>«

* Models trained using historical data — effectively learn dominant relationships
present during that time period

« These relationships may change over time, yielding reduction in performance

(e.g., reduced accuracy) 100% o
. . —lraining perrormance
— Example: taxiway X is closed for long-term 95% — Live performance
maintenance beginning on day Y, 90% /\M\ [\ m
increasing taxi times

« Formal methods exist for evaluating 5%
model drift, but also need visualizations

to help understand trends

70%

Performance metric

65%
60%
55%
50%

Date




Use Case: Comparing Modeling Approaches o

« Part of research agenda is to understand performance of ML approaches in
comparison to legacy adaptation-based approaches

100%
—Legacy performance

« Similar predictive functions performed 95% — ML performance

in each, using different methodology, 20%
so that metrics can be compared o 85% ‘M / in W
go% \ A [ k" ‘/ q y\l
. Building drill-down capabilities may ™
help facilitate identification of
conditions under which each approach

performs better

70%

Performance metric

65%
60%
55%

50%
0 20 40 60 80
Date



Catalog Service Accuracy Metrics o

 Offline Accuracy: Long term accuracy metrics typically generated
from offline testing and validation

* Online Accuracy: Accuracy metrics for models intended to run in real-
time computed over the past calendar month

« Accuracy of Inputs: For real-time applications many of the inputs can
be predictions from upstream models and the metrics should provide
visibility into the quality of inputs and the impact to performance



Departure Runway Prediction: DFW

DFW Departure Runway Model Classification Metrics
Count Accuracy (percent correct)
Offline overall 88.8%
Online overall 23204 88.4%
Online, all inputs correct 14231 (61.3%) 91.6%
Online, any inputs incorrect 8823 (38.0%) 84.0%
Online, default response 81 (0.3%) 45.7%
Online, runway replaced (out of config) 69 (0.3%) 52.2%



Unimpeded AMA Taxi OUT: DFW

DFW Unimpeded AMA Taxi Out Regression Metrics
Count Accuracy (MAD in seconds)
Offline overall 35.6
Online overall 25821 47.4
Online, all inputs correct 18656 (72.3%) 35.6
Online, any inputs incorrect 2971 (11.5%) 143.8

Online, default response 4194 (16.2%) 185.3




Unimpeded AMA Taxi IN: DFW

DFW Unimpeded AMA Taxi In Regression Metrics
Count Accuracy (RMSE in seconds)
Offline overall 206.8
Online overall 24535 216.8
Online, all inputs correct 6453 (26.3%) 149.0
_Online, any inputs incorrect_ _ _ _ _ _ _ _ 6385 (26.0%) _ _ _ _ _ _ 2353 _ _ - .
|( Online, default response 11697 (47.7%) 236.9 I

» Capturing accuracy grouped by correct/incorrect input and default response exposes
issues in both the model and the underlying infrastructure feeding the model



Technical Plan and Schedule

Shawn Gorman
shawn.m.gorman@nasa.gov

Pallavi Hegde
pallavi.nhegde@nasa.gov



mailto:pallavi.hegde@nasa.gov

Preliminary Technical Plan and Schedule

* Fuser system in the cloud * Initial Platform Development * Catalog service deployed « Automation of Service
* ML Services deployed > Catalog services * Search capability registration
Prototype development - Data Access APIs * Register services « Expand Catalog service
> Congnito authentication > Fuser to FIXM * APl gateway for service routing Capabilities
> Websocket data streaming + NASA Services avaiable for integration
testing

Oct 2021 ‘ February 2022 . Apr 2022 ‘ May 2022 ‘ June 2022 ‘ m

* Documentation on services and  « Complete Agreements  + Partner onboarding + Partner 22 Demo
capabilities * Partner training and
support




Questions and Answers

Please post your questions either in the chat box or
the Conferences.io link
https://arc.cnf.io/sessions/nedn/#!/dashboard

You are encouraged to answer additional questions
from us in the same link



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Farc.cnf.io%2Fsessions%2Fnedn%2F%23!%2Fdashboard&data=04%7C01%7Cyoon.c.jung%40nasa.gov%7Cd24c11a0ec5a4174895a08d99e5896a5%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C637714925587391129%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=wQcL57Wz%2F%2B7l5AAsQMXPvd2VOPkIaUiQM62hDt5rElI%3D&reserved=0

Next Steps and Closing Remarks

Mirna Johnson
mirna.g.johnson@nasa.gov



mailto:mirna.g.johnson@nasa.gov

Contact Info

« Schedule
— Flight Operator Announcement for Collaborative Opportunity: TBD

— Service Provider Announcement for Collaborative Opportunity: TBD

* Please email to ARC-DIP-EXT@mail.nasa.gov for questions or
comments

* Visit https://nari.arc.nasa.gov/atmx-dip for more information
regarding DIP sub-project and future events



mailto:ARC-DIP-EXT@mail.nasa.gov
https://nari.arc.nasa.gov/atmx-dip

Thank youl!




