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NextGen Segment Timeline

Mid-Term
SEGMENT ALFHA SEGMENT BERAVO
2010 2015 2015
Portfolios
Collaborative Air Traffic Management

Improwed Surface Operations

Time-Based Flow Management

TBD

Closely Spaced, Parallel, Converging and Intersecting Runway Operations

Improved Approaches and Low Visibilty Operations
Performance-Based Nanigation

Implementation

on-Demand NAS Information
Autamation Support for Separation Management

Common Serces
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Platform Consistency

Multlle Sims/Envs

Single NAS-

wide System-

Y of-Systems

Platform e - N Assessment
Platform

/A

System-of-Systems Assessment Platform f X Federal Aviation
October 19, 2011 Administration



http://hf.tc.faa.gov/images/atct_workstation.jpg
http://hf.tc.faa.gov/images/edc_tcw.gif

fiSSessment Platiorny




Strategic Intent

Mission:
Enable FAA Leadership, Engineers and other key
personnel to understand the complex and emergent
behavior of FAA systems throughout the acquisition life
cycle in order to make informed decisions on the
construction and delivery of FAA systems.

Objective:

Develop a Live, Virtual, and Constructive Integrated M&S
environment and technical toolset that will assist with
making informed decisions from early concept analysis,
through design, developmental test and evaluation,
Integration, and operational test and evaluation.
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Multiphase Effort

PHASE 1: ASSESSMENT PHASE 2: REQUIREMENTS PHASE 3: DESIGN PHASE 4: DEVELOPMENT

 Hold Kick-off Meeting  Create WBS
. Collect Systems & Faciliies Data Perform Site Surveys ' g;'ate Target Archifecture SRR YIS

- Analyze Systems Data - Document Requirements . Hold Design Review - Acquire HW/SW

- Develop Top Level M&S Design + Analyze Detalls . - Develop Inlegration & Test Plans
Plan « Hold Requirements Review gf::::%gﬁn Drawings - Installation & Test

- Hold Design Review + Develop Report ; ; - Develop Operational Procedures
- Develop Repont Hiokl Ciflical Dosign Reviw - Conduct Acceptance Tesl Plan

Z0=—490>

FAA VERIFICATION & VALIDATION SYSTEM

System-of-Systems Assessment Platform S@\e\ Federal Aviation
October 19, 2011 : J:/ Administration




Phase | Action Plan
T Design and Prototype Agent-based Framework

- Infrastructure - Agents
- Data model - Database
- Scenario Design
T Research Simulation Systems
- Research available simulation systems - Research accessibility to simulation systems
- Establish simulation requirements - Compare available sim systems to requirements
- Choose a sim to get us going with demo (TGF)
=)Data Research and Acquisition
- Determine where NAS data is stored
- Determine what data the simulation components need

T Research and Prototype Visualization
- Determine best products to produce visualization - Research web based visualization to simplify installations
- Develop in house mapping to avoid the web - Render sim planes on map
- Combine simulation, data, and visualization in a common framework

T Data Logging - Research and profile data logging
& White cell Control
T Prepare Engineering Report Documenting Initial Analysis

) Test Sim, agents, hardware, logging, visualization for:
- 7K Simultaneous Aircraft;
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SoSAP Initial Principles

 Leverage existing FAA investments

 Use intelligent agent technology to model air traffic
controllers, pilots, and command center decisions

« Model communications using simulated voice and
data

 Basic design:
— Open architecture, non-proprietary
— Low-cost alternatives
— Real-time synthetic environment
— Entire NAS network
— Variable fidelity, with capability to represent real-world dynamics
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System-of-Systems V&V Capability:
NextGen Synthetic Environment

In combination, these components form the capability:
+ Live: Real People in Real Environments (Laser Tag)
« Virtual, Real People in Synthetic Environments (Flight Simulators)
+ Constructive: Synthetic Feople in Synthetic Environments

TRACZOM
hdodiel = Sy stem

hodel=s Sy stam

h

Metwork & Communications
o dels Sy stem

OIS HLA .. . TENA

Nizather
fubodels Sy stem

Extemal
Connections

Surweillance 1 Mavigation
fudodel= Sy stem o dels Sy stem

OhiE, ILS,
GFS, ete..

Entity based verses
Aggregated model based.
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“Simplified” NAS SV-1

National Airspace System 2009 — SV-1
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Design Overview
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SoSAP Early Prototype Architecture

Chrome, Firefox Browser -
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Inbound simulation (aircraft data) : Sl

GPU

Apriori

Server Data

PROS CONS
— Web-based visualization — Haven’ t found a SIM that meets most
— Instant collaboration requirements
— Proven models and interoperability — Modifications will need to be made for
with FAA scalability and long-term execution of

i SIM t
— Scalable architecture components
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NAS Entity Diagram
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Prototype Agent Design

ulati MAGTFC2
Data Feed X Simulation o 0 o Interface
DDI/DX DDI/DX DDI/DX
L L | ]
Device Independent Interface (DlIl)
_ Rules
Transaction Rules Helper Triager
Methods 99
Processor Methods
L] L
World Model DSF Reasoner
(Knowledge Base, Rules Engine, Specialized Algorithms)
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So0SAP Initial Hardware Configuration
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Operational Features
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e Standalone mobile network oo 1090 | veonrose | wwomutnse | uwmnnsn [ veustan |
infrastructure e .
ESXi 4.1 Hypervisor
| OW cost 192 168.220.100

* Reconfigurable and scalable:

= Dell R710 12 Core / 24GB RAM
running ESXi 4.1 Hypervisor | E— AL P b

= 1.7 TB Datastore for virtual machine

storage on RAID 5 | Pt j i
= Separated Management and Data

networks (VLAN'’S) -

= Support for iISCSI connectivity to
Storage Area Network (SAN) or

NAS 152 168,230,110

Fadaom 12

= Supermicro 8 Core / 24GB RAM /
Tesla C1060 GPU

= Dell 2000W UPS (Running at 50%
load)
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Phase | Simulation Analysis

Simulation Evaluation Criteria

Open Architecture

Open Source to FAA

Encompass full flight from gate to gate TG F |S curre ntly
Support modeling all airports and NAS objects in memory
recommended...

Support realistic flight dynamics

FAA approved models

Ability to acquire map data and tools to ingest map data

Interfaces to existing systems
Ability to program multiple flight plans for a single plane (same plane, different id) .Has FAA approved mOdels
Ability to add new flight plans during a run 'IS faml|lal' tO FAA

Ability to represent a good pool of defined plane types oHaS accessible COde

Ability to connect to other FAA systems (protocols)

Ability to support 7000 aircraft simultaneously for several days

Ability to send and receive flight commands

Ability to receive entity state (X, y, z speed, heading, pitch, role, acceleration) LR bUt It WI II need Some
Provide tools to compose and change plane types e n h an Ce m e nts

Ability to take off and land multiple times

Ability to change source code

Ability to take off and land at multiple airports

Ability to support weather effects on aircraft dynamics
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Phase | Lessons Learned

« Agent technology is the best suited solution for
scalability and configurability.

« Knowledge acquisition is complex. No one set of
rules for a particular ATC function is the same
across locations and domains.

« Data Acquisition and synchronization is complex
and vast.

« Open M&S systems, handling a full complement of
ATC and airplane functions covering gate to gate
operation across the NAS, do not exist.

{ApLAVb!)}
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Summary

 NextGen - complex SoS with unknown behaviors yet to emerge

 Resulting Challenges:

Shift in cultural thinking — operational & functional
Strategy for portfolio testing

Consistent platform to unify disparate simulations, data and concepts that will
provide baseline for comparative analysis of NAS-wide concepts throughout
lifecycle

A System-of-Systems Assessment Platform (SoSAP):

Enables operator immersion into simulated NAS/NextGen environment
Is applicable to training, concept exploration and system evaluation

Presents an approach to portfolio testing of interdependent systems on
asynchronous schedules

Provides a common baseline of tools (data, models, scenarios) for SoS
assessment

Leverages existing FAA simulations and non-proprietary commercial
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