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. The NIFC-CA Program Challenge

DAHLGREN

e Deploy a viable and robust Integrated Fire Control (IFC)
System of Systems (SoS) by:

— Distributing the AEGIS shipboard fire control loop, via a sensor
network across diverse remote sensors, the AEGIS Baseline 9 (formerly
Advanced Capability Build 12) combat system and Standard Missile
(SM)-6 to achieve independent engagement consummation
over-the-horizon (OTH), both over land and over water
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me o= The NIFC-CA Engineering Challenge

DAHLGREN
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NIFC-CA From-the-Sea Killchain

E-2D

Enhanced Airborne Early
Warning

Airborne CEC relay

Air Warfare battle
management roles and
functionality

Electronically scanned
array radar

360 surveillance
Overland clutter rejection

Joint OCMD and AAW
Sensor

360 surveillance

Fire control provider
Airborne CEC relay
Overland clutter rejection

JLENS: Joint Land Attack
Cruise Missile Defense
Elevated Netted Sensor
OCMD: Overland Cruise
Missile Defense

¢ New CEC IFC kernel
e New E-2D, JLENS, and

AEGIS adaptive layers
Provides essential IFC
sensor network
functionality

Selects IFC sensors per
shooter needs

CEC: Cooperative
Engagement Capability

AEGIS

Baseline 9 AEGIS Open
Architecture

Sensor agnostic weapon
control system

Fire control provider
Adapts new SM-6
capabilities and
performance

Enhanced OTH functionality
Enhanced defended asset
controls

SM-6

Integrated AIM-120
active seeker
Ship-controlled fly-out
and midcourse
Independent OTH
endgame/intercept
Improved high altitude
capability

Endgame data feedback
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i The NIFC-CA SoS Engineering Type

DAHLGREN

SoS: an arrangement of systems that results when
independent and useful systems are integrated into a larger

system that delivers unique capabilities. (DoD Defense Acquisition
Guidebook)

The Deputy Assistant Secretary of Defense for Systems
Engineering (DASD(SE) Systems Engineering Guide for Systems
of Systems Version 1.0 lists two types of weapons systems SoS:

Directed: The integrated SoS and component systems are /\
managed and built to fulfill specific SoS requirements. 505
— Component systems subordinated to SoS / \
— Centrally managed; hierarchical approach Sysl [Sys2 |Sys3
— Usually authorized by DoD/service secretariat
— Examples: Missile Defense Agency, Strategic Systems Program

Acknowledged: The SoS has requirements, management, and

resources, but the component systems are independent
— Component systems not subordinated to the SoS 505
— Collaborative approach between SoS and components - ~ o
— Example: NIFC-CA (Navy SoS systems engineering pilot project) % (‘% %
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e NIFC-CA SoS SE Team

DAHLGREN

NIFC-CA Project Office
PEO IWS-7D

|
SEI&T Leadership Team

Program Management
Technical Oversight

Tech
Advisors

SWC-DL
SWC-PH
HU/APL

System Definition Working Group

L L L L
— Performance Assessment Working Group
| L | L L

Integration & Test Working Group

Horizontal & Vertical Integration is Critical to the SEI&T Success
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NIFC-CA Capability Acquisition and Engineering

DAHLGREN
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NIFC-CA Capability
oz Acquisition and Engineering (cont’d)
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NIFC-CA Capability
oz Acquisition and Engineering (cont’d)
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NIFC-CA DODAF Architecture

NIFC-CA Capability
Acquisition and Engineering (cont’d)
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NIFC-CA Capability

NIFC-CA DODAF Architecture
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and industry teams
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needed

* Documented results in
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Description Document

Developed new IFC information

exchange requirements (IERs)

between systems. Documented
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engineering documents

11

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

NSWCDD/PN-14/019



NIFC-CA Capability
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DAHLGREN

NIFC-CA DODAF Architecture | =
* FTS Technical CONO Fsi ? Final ) ng
NIFC-CA =
So0S . FTS MOE/MOP Definition " O
Definition ) ¥ ¥ Sl g
o
Reqts/Functional Flow SRSDB E
* + SRVM )
NIFC-CA FTS KillChai PARA i 3
Killchain — = nms : - . ECAT 2 " .
Engineering & ':;%..- %Gr‘%ﬁm % i NOV 2009: NIFC-CA De5|gn
Analysis iy Curyy,
R‘""" (os) : Freeze”
- e — gor ‘con 12
v v v v '%
NIFC-CA FTS _ ACIWG (CECIAEGIS) " Reviews =
ichan = + IDSs — g * Incrementally frozen at
Sust : (Sensors/CEC/AEGIS) —~ M Views . E H H
Eneinaering . oD o . £ each contributing system
S e Em cec  seus Critical Design Review
Implementation T v ¥ b Kilichai (C D R)
i ' ‘ . . .
NIFC-CA e : * Finalized at AEGIS Baseline
T&E P 1 s
Development v VM + rr:fr?:nt 9 CDR
POMI0 PRI strategy :
MFC.CA * o i * Implementation of each
ederation ] - S — =
Development o= I . = contributing system
*
Federation Prototyping & SoS Risk Mitigation Phase Fadamtkl
| | . , commenced after each

1 1 1 1
Jan 2006 Nov 2009 \CDR /

12 APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED NSWCDD/PN-14/019



NIFC-CA Capability

oz Acquisition and Engineering (cont’d)

DAHLGREN

NIFC-CA DODAF Architecture

v ”

FTS Technical CONOPS

Eﬂd leurs

NIFC::CFL i ?Flnnl
SoS _ FTS MOE/MOP Definition”
Definition 1 ¥
o _ ﬂ( 2006—Present: NIFC-CA Federation

| eqts/Functional Fl

i Development
ﬁ:ﬁfhf.’: FTS  KillChain PAR Analy
Engine_aring P"""'?jf ;%,%s"ﬂaw 5 . .
Analysis Suves ovoree]  ® Began NIFC-CA High-Level Architecture

NEGISISM-6 o 3 Federation development

NIFC-CA FTS _ ACIWG (CECIAEGIS) e Assembled high-fidelity models and

KillChain - c o = 5
simulations for each contributing system

Systems
e Used for design phase analysis, SoS

SHLT (Sensc
Engineering

~

/

NIFC-CA . . . .
implementation integration phase, and live testing
NIFC-CA
T&E
v * Fleet
Development — + Intro
Slmtegy‘ il i Irtec
NIFC-CA * o - :":“":' "'
Fedaration E - 3 = pi = i
Development ~ IE; IE: IE' E E T E E f v
Federation Prototyping & SoS Risk Mitigation Phase Federation U
1 | | |
T 1 1 |
Jan 2006 Nov 2009

13 APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

NSWCDD/PN-14/019



NIFC-CA Capability
oz Acquisition and Engineering (cont’d)

DAHLGREN

/Summer 2011: \

e Contributing system(s)
implementation, integration,

and testing nearing completion
e NIFC-CA SoS integration and
\ testing beginning j

/2011—2013:
e Live NIFC-CA testing begins at Wallops Island, VA
e 2012: live testing and missile firing with JLENS at
White Sands, NM
e August 2013: first shot at sea from
\ USS Chancellorsville (CG 62) J
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WARFARE CENTERS

DAHLGREN

SoS Systems Engineering Accomplishments

* With multiple NIFC-CA SoS systems engineering accomplishments, primary
is the design and implementation of an expandable architecture that
distributes and/or decouples primary detect/control and control/engage
interfaces and functions.

DETECT/CONTROL CONTROL/ENGAGE

Entire D-C-E sequence executed Initial and midcourse SM-2

> with shipboard organic SPY guidance commands transmitted
b radar. by organic SPY uplink dwells
Qo e SPY and SM-2 missile e SM-2 endgame semi-active
- performance explicitly target illumination provided
matched and coupled by shipboard illuminators
A variety of remote surface and Initial and midcourse SM-6
airborne radars provide tracking guidance commands transmitted
and fire control for OTH targets. by organic SPY uplink dwells
5 * Sensor-agnostic AEGIS e After target acquisition, SM-6
E."I_ weapon control system active seeker performs
zZ (wces) independent OTH endgame
* CECremote sensor intercept
management

e CEC best sensor selection

15 APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED NSWCDD/PN-14/019



oo Key AEGIS IFC Implementation

DAHLGREN

e AEGIS Baseline 9 is the program of record for NIFC-CA
implementation

* Integrates and deploys new SM-6

 Implements new NIFC-CA killchain IERs
— Can act as a NIFC-CA remote sensor fire control provider

i Sensor-agnOStiC WCS FCQD Requirements

— WOCS does not know which remote sensor(s) are providing fire
control data

— Computes required quality of service (QOS) for threat
* Sensor update rate
* Covariance-based target containment

— Asks CEC to find remote sensors to provide QOS for a specific

Time Between Updates, T

engagement time window

 WOCS Reduced State Estimator Filter
— Uses covariance-based track information
— Receives one-to-several remote sensor streams via CEC
— Fuses these streams post-filter for composite engagement

MeasurementUncertainty, o
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- =l Key CEC IFC Implementation

DAHLGREN

e Builds upon deployed CEC sensor network capability and
functionality including sensor/platform gridlock, remote
sensor registration, and network management

 Implements new NIFC-CA killchain IERs

 Implements IFC best sensor selection function

— Receives QOS request and specific engagement time window from
AEGIS shooter

— Asks candidate sensors if they can commit to support these
parameters

— Establishes contracts with a primary sensor and secondary and tertiary
sensors (if available)
* Provides sensor data streams to shooter for duration of
engagement
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Key SM-6 IFC Implementation

| UNCHANGED

MODIFIED

BLKI1V VECP

Steering Control Section Block IV/IVA A
Radome =
BLK IV VECPMK72 BLK IVMK 104 Mod 3 MK 133 Ordnance Section ; %
Mod 1 Booster/TVA DTRM é
* Block IVA Dorsals @)
Z,
-]
=)
SM-6 Guidance Section E
- AMRAAM Active X Band Seeker a
» Add Semiactive Mode (FRU, Antenna, SW) o
» SM Diameter Antenna =

» Add ERAM Mission Computer

IMU, IVA Seeker Head

Active seeker technology uncouples the OTH endgame

Existing SM Plate 3A Uplink/Downlink,
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s irtemad NIFC-CA Battlespace Improvements

DAHLGREN

llluminator Support Required for
SM-6 High Altitude Intercepts

B/L 9 Aeqis Ships

e e : _ Expanded Range
B/L 7P1 Aﬂgls Shlps &Eﬂrllﬁr as an active SM-6

g—- Will utilize SM-6 as an
= existing SM-2 BIk IV
2 (semi-active with illumination) | oo o fizon
gurface =7 B/L 9 Aegis Ships
' NIFC-CAOTH as an
active SM-6
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The “acknowledged” type of SoS acquisition can be effectively
executed but is very challenging

— Strong programmatic leadership and collaboration is required

— Strong engineering leadership and collaboration is required

— Clear delineation of responsibility, accountability, and authority required

at all levels and all phases of development and fielding

DASD(SE) anticipates most future SoS acquisitions will be the
acknowledged type

The NIFC-CA SoS systems engineering process will field major
warfighter capability at initial operational capability and
subsequent spirals

— Open sensor and weapon interfaces are enabling a diversity of sensor
providers and future active weapon developments

— The NIFC-CA-enabled force will greatly multiply in-theater surface
combatant capabilities
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