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Raytheon
Dynamic Architecture

® Architectures expressed in a well-defined framework are a
cornerstone to understanding what models are necessary for
enterprise-scale evaluations.

® The evaluation of alternative architectures can be organized around
a set of models by imposing a series of interactions between
models dictated by the architecture and organized into a framework
defined by the architecture.

® A formal underpinning for describing the architecture (Operational
Views from DoDAF) can result in a set of activities that can be
modeled as behavioral agents, integrated by a standardized
“backbone”, such as CybelPro® to evaluate the performance of the
enterprise.

® Standardizing the architecture representation, the integration
backbone, and the modeling interfaces will allow a “plug and play”
capability that can allow contributions from many sources.



Architecture Provides Blue Prints, or “Views” Raytheon
to Communicate with the Builder......

*Floor Plans, Elevations, wiring diagrams, plumbing, plans, etc
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Raytheon

Enterprise Architecture also provides “Views”

Operational View .

» Functional (operational) requirements
(I » Processes and relationships

BMLI » Information needs (content, form, protection)
” ongress » User functions
& Services & » Performance bounds
. m Agencies
" Large & Small o - Systems Vlew.
Businesses gt T Applications _ .
. -  System functional descriptions
—  System interfaces and connections
perimeter Security * OPperations-to system traceability
Mechanisms —smart
@ Data [ Firewall || card
Repositories O veN O 1
APIs : .
| Technical View I
plalie dick ITAIT COTS » Technical Architecture Profile

| EDrAer Standards Products « Standards and Technology
L Forecast
+ XML DIl
« HTML
* Proprietary (rare) GCSS-AF COE




Utilizing DoDAF Products

E=pRem £ :
E E Department of Defense Architecture Framework
nterprise T A -
h DODAF N
Architecture G Version 1.0 |
Process ZACHMAN Volume II Table 2-1. List of Products -
Docushare Collection 31635 F
Applicable | Framework Framework L
" General Description
View Product Product Name P
Overview and Summary Scope, purpose, intended users, environment depicted, analytical findings
All Views AvV-1 Information
Integrated Dictionary Architecture data repository with definitions of all terms used in all products
All Views AvV-2
High-Level Operational High-level grap! of concept
Operational ov-1 Concept Graphic
i Operational Node Operational nodes, ivity and i ion exchange needlines between nodes
Operational ov-2 Connectivity Description
Operati between nodes and the relevant attributes of that exchange
Operational ov-3 Exchange Matrix
Organi Organizational, role, or other relationships among
Operational ov-4 Chart
i Operational Activity Model | Capabilities, Operational Activities, relationships among activities, inputs and outputs. Overlays can show
Operational ov-5 cost, performing nodes, or other pertinent information
Operational Rules Model One of the three products used to describe operational activity—identifies business rules that constrain
Operational ov-6a operation
Operational State Transition | One of three products used to describe operational activity—identifies business process responses to
Operational Oov-6b Description events
Operational Event-Trace One of three products used to describe operational activity—traces actions in a scenario or sequence of
Operational Ov-6¢c Description events
Logical Data Model Documentation of the system data requirements and structural business process rules of the Operational
Operational ov-7 View
Systems Interface Identification of systems nodes, systems, and system items and their interconnections, within and between
Systems Sv-1 Description nodes
stems Communications [ Systems nodes, systems, and system items, and their related communications lay-downs
Systems sv-2 Description
Systems-Systems Matrix Relationships among systems in a given architecture; can be designed to show relationships of interest,
Systems Sv-3 e.g., system-type interfaces, planned vs. existing interfaces, etc.
Systems Functionality Functions performed by systems and the system data flows among system functions
Systems sv-4 Description
Operational Activity to Mapping of systems back to capabilities or of system functions back to operational activities
S sv-s Systems Function
Y Traceability Matrix
Systems Data Exchange Provides details of system data elements being exchanged between systems and the attributes of that
Systems sv-6 Matrix exchange
Systems Performance Performance characteristics of Systems View elements, for the appropriate timeframe(s)
Systems sv-7 Parameters Matrix
Systems Evolution Planned incremental steps toward migrating a suite of systems to a more efficient suite, or toward evolving
Systems sv-8 Description a current system to a future implementation
Systems Technology Forecast | Emerging technologies and software/hardware products that are expected to be available in a given set of
Systems Sv-9 time frames, and that will affect future development of the architecture
Systems Rules Model One of three products used to describe systems functionality—identifies constraints that are imposed on
Systems SV-10a systems functionality due to some aspect of systems design or implementation
Systems State Transition One of three products used to describe systems functionality—identifies responses of a system to events
Systems SV-10b Description
Systems Event-Trace One of three products used to describe systems functionality—identifi pecifi of
Systems SV-10c Description critical sequences of events described in the Operational View
Physical Schema Physical implementation of the Logical Data Model entities, e.g., message formats, file structures, physical
Systems sv-11 schema
' Technical Standards Profile [ Listing of standards that apply to Systems View elements in a given architecture
Technical V-1
Technical Standards Forecast | Description of emerging standards and potential impact on current Systems View elements, within a set of
Technical V-2 time frames

To...
® Create
® Communicate
® & Validate
...the architecture

*All Views

*Operational View
Usage/Users

*Systems Views
Capabilities/Interfaces

Technical Views
Codes/Specs




Today’s Air Transportation System
Top Level Operational Activities




OV-5 Hierarchy - ATS Activities

Current ATS (OV-05 Node Tree)
System Architect
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Information Used by each Operational Activity Baviheon

— HIeEhiae
Local Plan

Passenger
Security Svcs
Level
> Cargo
Demand Sves

_Wx_m,tg_:, Managing
»| Surface

Runway Confg

Depart Restrc. | Managing
> | Airspace

Flight Plan




Information Exchange - OV-3

® Elaborates on the needlines by expanding each needline into one or

. . ) “
many information exchanges. & 5 5
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The Clearance to  AA.2-3-1- . . .
Pilot object 1..Seq_Arrs/Deps Tower FL.3-4-1-4..Landing Air Carrier
represents any of  AA.2-3-1- . . .
the types of 1..Seq_Arrs/Deps Tower FL.3-4-1-6..Docking Air Carrier
clearances given by AA.2-3-1- Tower FL.3-4-1-5..Taxi_In Air Carrier Ready to Taxi
air traffic controllers 1..Seq_Arrs/Deps W ’ A : : Y ' Aircraft-Ground approx. 8
. . Clearx to ) Verbal ATC  Ready to Take- : -
Tower.Air Carrier . to the flight crew FL.3-4-3- . - Radio Critical events per
Pilot . P AA.2-3-1- . . . Instruction Off, Exiting L h
including initial flight Tower 2..Dtrmn_Desired_Cours Air Carrier Transmission flight
1..Seq_Arrs/Deps Runway
route clearance, e
take-off clearance, AA.2-3-1- . .
landing clearance,  1..Seq_Arrs/Deps Tower FL.3-4-2-5..Approach Air Carrier
taxi clearance and  AA.2-3-1- Tower FL.3-4-4- Air Carrier
other clearances. 1..Seq_Arrs/Deps 4..Comms_W/_Cntrlr
The Airport Demand Upcoming Arrival
object represents AA.2-3-2-2- or Departure
Airport thg flight demand for AA.2-3-2-2- TRACON  5..Coord_Ar_Flow_Rstr ARTCC Verba_l ATC Push, (_:hange in Land L_|ne_ Essential per P_ush
Demand arrivals and 1..Eval_Dmnd/Capac s Coordination Arrival or Communication Period
departures at NAS Departure
airports. Demand
The Arrival Flow
Restriction object
TRACON.ARTCC represents a
maximum airport
flow rate and/or . .
. o . AA.2-3-2-2- Upcoming Arrival .
Arr Flow Res arrlv._all _mlles_ in-trai 5..Coord_Arr_Flow_Rstr TRACON AA2-3-1 ARTCC Verbql ATC Push, Change in Land I_.|ne_ Essential per P.USh
restrictions imposed 2..Merge_A/C_Flows Coordination Communication Period

to regulate the flow
of arrival aircraft into
the TRACON
airspace and airport
area.

Arrival Demand




Analysis “scale”

® Activity hierarchy provides opportunity for tailoring analysis

* NAS Wide impact
of Airport Ops

* ARR/DPR impact
of NAS Wide change

® Evaluate taxi time

for alternate runways
* Impact of APREQs

Airport Ops
| ,
| | | | l
Passenger Cargo Managing Managing
Comm Plan Sves Sves Surface Airspace
Mng Surface
Seq
I
| | | |
Rnwy/Taxiwy| | Coord Dep Coord Arr Seq Surface
Config Restrctns Restrctns A/C

on surface movement

10



Raytheon
High Fidelity - Business Process Modeling (BPM)

» Detailed analysis of step by step process
» Trade-off analysis of system/subsystem alternatives

11



Provide Non-Radar Approach Separation - Outcome Iayllleon

Air Traffic
Service
Provider/A
RTCC Flight Plan
Controller
Non-Participating a/c in Zone? Arrivals in Queue? Departures in Queue?
Aircraft Nearing Non-Radar Destination Self-Sep Zone Full?
T a—— Only Participating a/c inZone
j Eval Self-S Self-Sep Zone Load H ‘one Not Ful .
Q Arrival Queue Zone Loadep i ep NoArrivals in Q No Departures in Queus
Mandatory eshe Mandatory Mandatory Mandatory Mandatory
Mandatory
Self-Sep Zone Full
Aircraft Requesting Dept Rel Arrivals (n Queue
Departures in Queue
Departdre Queue Mandatory
Mandatory Mandatory Non-Participating a/c in Zone
‘ Mandatory
M Provide Approach Provide Departure
Clearance
i,
Issue/Update ee e
Hold Instructions
1

‘ ecee T T

| ‘ \ i | |

[ ‘ | |

‘ ‘ Hold Instructions ‘ ‘

| ‘ ‘ Approach |n5"UT“°”S Departure Releaﬂe Instructions

Flight Crew ‘

Receive Hold
Clearance

‘ ‘ Response to Hold Instructions
eclee

Receive Approach
Response to Approach Clearance Clearance

Receive Departure
Response to Departure Instructions Clearance

12



Airspace Concepts Evaluation System

-----
------------
un
s
s

llllllllllllllll

Regional Traffic Management Age‘f':ts
E Strategic 1
....... Regional 20
Approach/Dep 10s
. Surface 100s
"‘; Aircraft 10,000s
Bus. Strategy 10s
A'pproach éi“-D__eparture
Traffic Management
Visualization II
Coneston | | Mansgament ||| Smulation | | - Simuiation Fedorato N

Integration/Co

r 7

oS Se{ :ces: file transfer/sharing, networking (TCP, UDP ...)

V

Simulation
Outputs

And Metrics

Simulation
Input
Scenarios




Mapping ACES to EA

ARTCC ATC
(ExecuteCDRDelay)

/

A2.3 AA.2-3..Mng_
Traff_Flow_Sync

A2.3.1 AA.2-3-
1..Seg/Merge

P. Delta

A2.3.2 AA.2-3-
2..Prov_Tact_Traff_
Flow_Mngmt

A2.3.2.1 AA.2-3-2-
1..Eval_Wx_Impacts

Airport TEM (IssueAAR)

A2.3.2.2 AA.2-3-2-
2..Prov_Flow_
Mngmt_Svcs

A23.2.1.1
AA.2-3-2-1-
1..Analyze Wx

N/A

A2.3.2.1.2 A2.3.2.1.3 A2.3.2.2.1 A2.3.2.2.2
AA.2-3-2-1- AA.2-3-2-1- AA.2-3-2-2- AA.2-3-2-2-
2..ID_ 3..ID_ 1..Eval_ 2..Coord_
Unusable_ Impacted_ DmndlCapack Internal_Dep_
Airsp Airpts P Del Rol

o (DELES Delta

A2.3.3 AA.2-3-3..Mng |
Traff_Flow_Sync_

A2.3.2.2.3 A2.3.2.2.4 A2.3.2.25
AA.2-3-2-2- AA.2-3-2-2- AA.2-3-2-2-
3..Coord_ER_ 4..Coord_ 5..Coord_Arr_
Flow_Rstrs Dep_Flow_ Flow_Rstrs

gRstrs

AN

/

ARTCC TFM (ImposeMIT)

Rsrcs/Staff

ATCSCC (CongestionAlert)

TRACON TFM (ImposeMIT)

A2.3.3.1 AA.2-3-3-
1. TFS_Mntr_Rsrc_

N/A - Staffing

Regs

A2.3.3.2 AA.2-3-3-
2. TFS_Asss/Remv_
Position_Staff

A2.3.3.3 AA.2-3-3-
3.TFS_
Comb/Decomb_Sctrs

N/A

A2.3.3.4 AA.2-3-3-
4. TFS_Rspnd_To_
Events

Delta

14




Updating ACES

® |dentified prioritized alignment analysis for Today’'s ATS
Architecture

Needed to  Needed to

Model Model Needed Delta Realistica Initial
Name Description ACES Comment for - Ily Within ~ ACES
Current Future Metrics? Priority Scope?  Update?
NAS? NAS? ' per poate:

This activity is conducted bythe TMC and Tower (:grliow-
to coordinate the departure release of individual ‘:eleatsye
AA.2-3-2-2-2..Coord_Internal_Dep_Rel departure flights destined for high-volume airports ~ ACES delta for ER airspace 2 1 1 . 1 No
or routes to ensure that departure flights have a
§ overhead
slot in the overhead stream.
slots
ACES delta for TR airspace - (3) low
no special TFM for flights priority -
destined for high-volume i 1 i overhead 1 N
airports or routes streams

15



2025 NGATS Concept Raytheon

Key Capabilities

e Net-Enabled Information Access
e Performance-Based Services

e Weather-Assimilated Decision
Making

e Layered, Adaptive Security
e Broad-Area Precision Navigation

= Trajectory-Based Aircraft
Operations

e “Equivalent Visual” Operations
e “Super Density” Operations

16



Raytheen
JPDOQO’s Architecture Development

« Step-wise development process

 Includes peer (IPT) and community vetting
at each step

 Focused on Operational Activities
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& ARCHITECTURE j
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Architecture Based Process

*heperit

Feat
Py

- - =
.
o

*Systems & Technologies

*Operations
*Training

sLeadership
*Personnel
Faci\jties

JPDO Process for Achieving NGATS

18



Scenario Walkthrough'’s

M\ I
Pre-Conditions Pog-Condilions
1. The peaple and camy.on baggage in the ascraft have
been positively identfed and screened
2 The cargo in the aetraft have been successhully
mspecied and racked
3 The checked baggage has been successhly ™ || —— — — — — — — — — — — —
soreened and racked
4, The aircraft's secundy value has been caloulated and
# s accoptable = -
5 The Aarcrat i oaded and fuly seraced ol a gale in g e >
an atea urder the respanshilty of the Alr Caner g - — - -
6 RTSP level has been estabished for e aspordals, - E
apphicabile airspace, aircl and crew < Proade Suface Nangaton 2
7. An adequate: probabibsic weather analysis and 3
loieeait hia Kagrie 1 27 Merportal Mecharsc sl
8 The Air Carrier has apphed for a 40 trajeciony
o . escen
9. The ANSF has sushonized a 40 Faeciony contract 3|
hat satishes al inira- ANSP requirements and has been Lipdate Faght Otyect-\itual Tower E
loaded ino aircraft auomation ATM Automation 3
0. The Air Camer (AOC) has prepared the Bight e EH <
release and the pilal has accepbed it g 5
11, The Fiight Crew complotes all the persnent 13
ks, nchiling saloty and systeme checks Lo Warstor Abcra.Nirtual Tower =
12, Alrportal is monBonng operations el ATM Persconel
13 Equevalent visual operations are in effect §
14 The Airpital provides suface quidance (e g Bghts, - = = ! e
matkings), ensiies the operational readiness of the Doear kerafn Frm—— l
ortal , 85 Furmwag Desant
required. AT datomason AT Aummmancn
15, Dynamic airspace function has detenmined the
Airspace and roule strucure for the Mgt a e e ——— =
S =
= Update Fight Otyect.Ar Cartier Clps o
g AOC Pasicfration 3
&
o] issue Pushiocx S s g s - &
3 Flight Dispaicy 5]
£ ADC Figh Dasetzn E . &
TP ol :
; AT\ ALIC Figlt Cespatch an I n g g
- 3
Update Figh Cbject-Arcra Sense and Avoid Other Arcrat
Arcraft Autdation Fight Crow
z
=
o
=
Taud par 4D ack Rarmay bk Dty Dt
Trajeaser e Tugta Crow
Figh Crem e e arzt s
-
pdatl Ehght Ubect-ANSH
. ——
1 Tratc Marfeger e —

Ground-Based Users ——

AOC, FBO, BUSINeSSy
N SErvice Provider st Private, Etc.

Facilities

19
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Raytheon

Mapping NGATS Architecture to ACES

ID Updates
Alignment |
Analysis
(current ACES) \
Develop Info

Exchange Req

.
/.

ID New Agent
Regmnts

21



Raytheon
NGATS Enterprise — a Global solution

Meeting the future challenges

® Retain U.S. leadership in
global aviation

® Expand capacity
® Ensure safety
® Protect the environment

® Ensure our national
defense

® Secure the nation




