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System Design Optimization Project Summary 

• Project Objectives 
– Demonstrate effectiveness of integrating the System Architecture 

Model (SAM) with system performance analysis tools for better 

system design trades. 

– Improve our ability to evaluate the system trade space in more 

depth, with less effort and a faster cycle-time.   

 

• Key activities:  
– Define set of system scenarios to evaluate proposed system 

designs 

– Integrate the SAM with system performance simulations 

– Run parametric driven system analysis 

– Validate results and evaluate process change 
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Notional Scenario Case Study Overview  
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Notional Scenario 
• Freedonia launches a tactical strike 

on Sylvania 

• Sylvania must be able to defend its 

capital and the surrounding area 

• The current missile defense system is 

not capable of defending against 

potential future threats 

Requirements 
• The new interceptor shall have 

a minimum defended area 

coverage… 
– The defended area is defined as the 

area outlined in blue in the graphic. 

• The interceptor mass shall not 

exceed… 

Image Credit: U.S. Missile Defense Agency via Flickr / Cropped 

from original image 
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System Architecture Model (SAM) Overview 

Extending System Model Content and Extracting Value to Reduce Startup Risks at Contract ATP 

 Established 

modeling toolset 

 Setup SAM 

structure 

 Defined approach 

for product 

variants 

 Captured partial 

project specs and 

IF data 

 Identified partial 

element structure, 

req’s, & behaviors 

 Captured 

Parametric data 

set 

 Generated docs 

from SAM 
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 • RAMT - Integrate Specialty Engineering Reliability-Availability-

Maintainability-Testability (RAMT) requirements and analysis 

capabilities into SAM to improve accuracy and update cycle-

time  

• System Design Optimization - Integrate SAM with system 

performance simulations for improved system trades  

• Power Management- Create lifecycle power mgnt approach 

using SAM; complementary approach with mass and reliability 

mgnt 
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 • Capture new business stakeholder needs and mission 

requirements 

• Model key new concept system con-ops 

• Capture families of concept system and subsystem 

requirements as product variants 

• Capture complete mission requirements set, including  

relevant external interface data 

• Define complete set of system and subsystem requirements 

and con-ops 

• Establish traceability across all model elements 

• Integrate SAM with MCAD and Integration & Test models 

• Generate specifications and related docs on demand S
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System Trades & Optimization Approach 
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Analyses and System Architecture are Tied Together via Phoenix 

Integration’s ModelCenter 

System Architecture 

Requirement Verification 

Matrix 

Architecture Changes Can Be Identified and Analyzed Quickly –  

Improves Understanding of Performance Impacts and Validating Critical Parameters 

bdd [Package] Interceptor_System_Logical [Interceptor Logical Structure Hierarchy]

Component 

Level (L4)

Subsystem 

Level (L3)

System 

Level (L2)

Architecture 

Level (L1)

AutonomousUnitaryKillVehicl
e

Interceptor

Avionics MissionSoftware Propulsion Sensors StructuresMechanisms
AndOrdnance

Communications

Interconnects

MissionComputer

PowerSystems

ApplicationSupport

CommunicationCon
trol

GuidanceNavigatio
nControl

MasterControl

ThreatProcessing

DivertAndAttitudeC
ontrolSystem

ValveDriver

NavigationSensors

EndgameSensor

Mechanisms

Ordnance

Structures

req [Package] Scenario_Alpha_Defended_Area_Analysis [Defended Area Requirement Trace
Definition]

ScenarioAlphaDAContext

DefendedArea:double

=0.289017341040462

«Attribute»

Defended Area
«PropertyBasedRequirement»

ID = 001

The interceptor shall have a minimum Defended Area coverage of 97% of the 
homeland.

«satisfy»

System Design 

Optimization Analysis 

Parametric Trade Studies 

req [Package] Scenario_Alpha_Defended_Area_Analysis [Defended Area Requirement Trace
Definition]

ScenarioAlphaDAContext

DefendedArea:double

=0.289017341040462

«Attribute»

Defended Area
«PropertyBasedRequirement»

ID = 001

The interceptor shall have a minimum Defended Area coverage of 97% of the 
homeland.

«satisfy»

Defended Area Analysis 

UIMDT 

ModelCenter MBSE Pak 
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System Trade Study & Optimization Process 
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Location, 

Mass 

Data, etc 

Define the Scope of the Scenario to be 

Analyzed 

Pull Input Parameters from SAM & Execute 

Cover Analysis Utilizing ModelCenter 

Define the Analysis Process 

Multi-Variable Parametric Trade Studies and Closed Loop System Concept Design 

Optimization Enabled via Data and Analysis Process Integration 

uc [Package] UKV_Mission_Analysis [UKV Scenario Description - L176AD04P01]

UKV Scenario

L167aD04P01

L167aD04P01-1

L167aD04P01-2

L167aD04P01-3

A-14-3_UnitaryK

V

THREATS

UEWR

INTERCEPTOR

OrbitalBoostVehicle

SENSORSFIRE CONTROL

GFCC

LAUNCH SITE

A-14-3 Mission

Parameters

MISSION PARAMETERS

GSS SBXCDU SBIRS

Visualize & Assess Results 
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Trade Space Exploration Demo 
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Design Optimization Demo 
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Legacy versus Integrated Analysis Process 

Concept 

Performance 

Parameter Update 

Released 

Compare all New 

Parameters to 

Parameters in Analysis 

Tool Input File & 

Update as Needed 

Review Defended 

Area Results 

Update KV SCFA 

and Scenario 

Parameters in SAM 

Execute 

ModelCenter 

Defended Area 

Analysis Run 

Review Defended 

Area Results 

Less Time Setting Up Analyses -> More Time Understanding & Improving the Design 

Legacy Defended Area Analysis Process 

Integrated Defended Area Analysis Process 

Update Analysis 

Run Matrix as 

Needed 

Execute Analysis 

Run Matrix Macro 

Generating Scenario 

Input Files and 

Folder Structure 

Execute Analysis 

Runs via Run 

Manager 

Application 

Execute Analysis 

Post Processing 

scripts to calculate 

Defended Area 

results 

Update Scenario 

Parameters in SAM 

Concept 

Performance 

Parameter Update 

Released 
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Summary 

• Integration of system architecture model 
and system analysis tools enables 
requirement driven design optimization 
– Program will no longer need to ‘guess’ what the 

answer is and ‘hope’ the requirement is met 

• Eliminating manual data translation steps 
and establishing an integrated common 
record of authority will improve analysis cycle 
time 
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Expect a Productivity Improvement of 50-75% With System Arch. Integrated Analysis 
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Q & A 
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