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Model Based System Design – Thoughts/Perspectives 
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In theory, there is no difference between 
theory and practice. In practice, there is. 

- Yogi Berra 

Presenter
Presentation Notes
The message here is that what is in the realm of the possible it is not necessarily practical nor easy to implement. From a MBSD standpoint we have the technological ability and have implemented  elements to prove the theory and portions of a ‘Practical ‘ instantiation. A ‘ systems thinking’ approach to practical MBSD implementation would be to Frame the Problem, which is NOT to prove the use of Modeling in Systems Design theory , it is to using Modeling to reduce Development, Production & Support  Cycle time  & cost, and improve Product capabilities. So a Holistic view  and a frame of reference for what constitutes ‘ the Product Development/Production/Support’ is required to get into  the proper  ‘frame of mind’ to solve the Problem.



Terminology 
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• An approach to engineering that uses models as an integral part of the 
technical baseline that includes the requirements, analysis, design, 
implementation, and verification of a capability, system, and/or 
product throughout the acquisition life cycle. 

Model Based 
Engineering (MBE) 

• Model-based approach to develop products across the product life 
cycle. Includes model-based systems, software, hardware, test 
engineering, and supporting simulation and analysis. 

Model Based Systems 
Development (MBSD)  

•Those aspects of MBSD associated with Systems Engineering. Includes 
analysis, system architecture, simulation, test, and other areas. 

Model Based Systems 
Engineering 

(MBSE)  

MBSD 

MBE 

MBSE 

Presenter
Presentation Notes
Level set to a common understanding of terms.



Why consider MBSD? 

Problem 

• Long development time 
• Integration issues 
• Defects not found until downstream lifecycle phases. E.g. Flight Test, product 

support 

Current 
state 

• Individual domain models – Systems Engineering, Software IPTs, Flight Controls, 
Wiring, and Loads, etc. 
 

Future 
work 

• Integrated set of models 
• Digital Air Vehicle 

6 

• Individual domain models – Systems Engineering, Software IPTs, Flight Controls, 
Wiring, and Loads, etc. 

• Framework for Product Development 



Current MBSD across the lifecycle 
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Airframe 

Ops Analysis 

Sustainment 

Mod & Sim 

• Model based concepts in practice 
• Changes in one are not propagated to others 
• Applied across various domains, i.e. Air System, 

Flight Controls, etc. 
• Not integrated within or across domains 
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Vision/Needs – MBSD Requirements across lifecycle 
 Increase customer value through a Model Based Systems Design (MBSD) approach 

 Provide engineering expertise needed throughout an aircraft's lifecycle, beginning 
with the design phase, ensuring production success and sustainment of the aircraft. 
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Shared 
Data 

Shared 
Data 

Requirements Development 

Operational Analysis 

Engineering Design 

Manufacturing and 
Development 

Test and Eval 

Prog. Mgmt. 
Support/Sustainment 

Operational Performance 

Shared 
Data 

Presenter
Presentation Notes
All phases of the lifecycle need to use a common source of data. Downstream needs should be considered in order to avoid rework. Modeling is needed for program management, production and sustainment. Work done in one phase can be reused by others with proper planning.



Challenge 
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Develop highly 
integrated model-
based environment 
in which the model 
and associated data 
set is the technical 
baseline 

Institutionalize 
advanced 
technologies and 
methods 

Increase relevancy 
to our customer 
through superior 
product 
development, 
production  and  
deployment 

Presenter
Presentation Notes
The challenges that we face and hope to address.



Foundation & Pillars for MBSD Implementation 
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Processes/ 
Standards 

Guideline/ 
Best 

practices 
Tools 

Community 
of support 

Framework for Product Development 
Systems  Engineering Principles 

MBSD 

Presenter
Presentation Notes
MBE – spinning our wheels
When we start modeling, we focus on the tools and within a single team without consideration of the fundamentals of SE. Modeling doesn’t mean we don’t need the SE basics anymore.
We purchased tools and started modeling, but we didn’t have a strategy, framework, processes, or clear goals about what we expected modeling to gain us.
The 4 pillars of model based engineering include processes, guidelines, tools and support. Built on a foundation of Systems Engineering Principles and the Product Development Standard.
The SE principles guide us and the framework provides the overarching structure to organize everything we need to support development. These two are needed whether people are modeling or not. 



User and 
Stakeholder 

Requirements 

Subsystem 
Requirements 

Subsystem  
Concept, 

Architecture, 
Design-to Spec, 
Verification Plan 

Subsystem  
Build-to, 
Code-to  

Artifacts, Draft 
Verification Procedures 

Buy, Build, Code 
And Preparation for 

CI Integration 

Mid Level Entity Vee 

Validation 

Subsystem  
Validation 

Preparation 

Subsystem  
Verification 

- Inspection, Test 
Demonstration, Analysis 

CI Integration 

Systems Engineering Principles 

Dual V-Model Copyright 2005 by The Center for Systems Management (CSM) Inc.,  
Copyright © 2009 by IEEE 

Subsystems 
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Presenter
Presentation Notes
The Systems Engineering Vee shows the product development life cycle. It starts with requirements, goes through design, implementation and then people work their way back up the Vee with integration and validation. Planning for activities on the right happen on the left and span the Vee to the activities that implement the plan. 




System 
V-Model 

SE Principles Applied to Product Development 

Dual V-Model Copyright 2005 by The Center for Systems Management (CSM) Inc.,  
Copyright © 2009 by IEEE 
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System 
V-Model 

Entity 
V-Models 

1 System 

2 Subsystems 

4 Lowest Configuration Items 

Start 

End 

Dual V-Model Copyright 2005 by The Center for Systems Management (CSM) Inc.,  
Copyright © 2009 by IEEE 

Dual V-Model As A High Level Framework 
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Presenter
Presentation Notes
Requirements and design from top levels feed down to lower levels. While implementation activities happen in parallel. Then unit test occurs and integration of products feed up to the next level with verification happening at each level as well.
System Engineering artifacts from one level are inputs into the next and lower levels feed back up into the upper levels
There are a number of places where integration needs to be considered. How should MBE help us with these integration points?





Product Development Hierarchy 
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Air Frame Structural Development 

Mission Systems Development 

Avionics Integration Laboratory Development 

Scope of Work 

Standard Technical Development Framework 

Presenter
Presentation Notes
It starts with the scope of work based on our product hierarchy and then for each level in the hierarchy, there is a sequence of activities that have to be performed and a set of work products that are developed.



Attributes of Framework for Product Development  
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Module 

Work 
Product 

Work 
Product 

Work 
Product 

Work 
Product 

Work 
Product 

Work 
Product 

Work 
Product 

Work 
Product 

WBS 

WBS 

WBS 

WBS 

Product 
Development 
Hierarchy (PDH) 

Work Product (Outputs) 
(synchronized w/WPS) 

Disciplines 
OBS (IPTs) 
(Program Only) 

WBS Workflow Modules 

1:1 Correspondence 

The WBS is 
modeled in the 
Framework 

The OBS is 
modeled in the 
Framework  

Core Competencies and 
their technical 
disciplines are modeled 
in the Framework 

Work Products 
are contained in 
the Framework 
in an “Object 
Data Library 
(ODL) 
synchronized 
with the Work 
Product 
Standard (WPS) 

System components are 
modeled in the Product 
Development Hierarchy (PDH) 

Modules are built from 
the surrounding 
elements 

This is the foundation for 
identifying related 
• Standards and Processes 
• Guidelines / Best Practices 
• Tools 
• SMEs / POCs 

Presenter
Presentation Notes
The Product Development standard is a model of the development lifecycle at all levels of development. It shows what needs to happen, when it happens, who does it, and the inputs and outputs for the process steps. It also captures the tools that are used to during the process. It contains templates, references and POCs. 




Example: Workflow – Requirements to Verification 
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Requirements 
Development

Architectural Design

Preliminary Design

Detailed
Design

Implementation

Integration & Test

Verification

Supplier 
Sourcing

If Development Is To Be Procured

Handoff to Next 
Level of 
Integration

Air System
Design

AV & AL
Design

Segment
Design

Subsystem
Design

Configuration
Item Design

Build, Code,
Unit Test

Configuration
Item Integration 

& Verification

Subsystem 
Integration & 
Verification

Segment 
Integration & 
Verification

AV & AL 
Integration & 
Verification

Air System 
Integration & 
Verification

Development Program Life-Cycle “V”

Air System
Design

AV & AL
Design

Segment
Design

Subsystem
Design

Configuration
Item Design

Build, Code,
Unit Test

Configuration
Item Integration 

& Verification

Subsystem 
Integration & 
Verification

Segment 
Integration & 
Verification

AV & AL 
Integration & 
Verification

Air System 
Integration & 
Verification

Development Program Life-Cycle “V”

Development Work Flow For Each Component
(e.g.  Air Vehicle, Landing Gear, Wing, Antenna, Integration Lab)

**  Each Component Development Flow May 
Reflect Specific Terminology Associated 
With The Best Practice Development For 
That Component; However, They Must All 
Follow The Systems Engineering Process
(See Examples On The Following Slide)

     

Presenter
Presentation Notes
The basic structure is the same for each level in the hierarchy. 



Work Products are key Handoffs 
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Technical Plan Integrates Work Product Standard 
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Technical Plan 

Procured Subsystem Development 

Core Avionics (in-house) Subsystem Development 

Mission Systems / Avionics Development 

Conduct 
Procurement 

Requirements 
Definition 

Preliminary 
Design 

Detailed Design Implement 
Design 

Integrate & Test 
Subsystem 

Requirements 
Definition 

Preliminary 
Design 

Detailed Design Implement 
Design 

Integrate & Test 
Subsystem 

WP WP 

 Work products are defined from the work product standard 

WPS 

WP 

Notional 
Example 

System Design 

WP WP 

Presenter
Presentation Notes
Each part of the development at all levels have documented work products that are produced. These work products are integrated with the technical planning and have a standard set of attributes associated with them.



Work Product Standard --   Attributes 
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WP Description 

WP Unique Name 

Domain  

SE Phase 

WP Description 

Work Product Consumers-  

WP Template 

Test WP Dependencies  

Test Manuals/Examples/etc. 

WP Maturity Required 

Format 

Version # 

Tool 

Language 

Presenter
Presentation Notes
All of the data elements in the Product Development Standard are linked to the work product standard. Which defines meta data associated with the artifact. This data includes the maturity level required at each milestone or before it can be used by another team. It also includes guidelines and templates as well as references to our command media.
Anyone should be able to look at their part of the PDS to see what needs to be done and the artifacts created. Then they can go to the WPS to find all of the information they need for their job.



Product Development Standard  
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Representative Complexity  

 Incorporate MBSD into PDS 

 Identify products that should use MBSD approach 

 Develop interface among products 

Presenter
Presentation Notes
The development lifecycle is modeled in ARIS. It shows the steps in the process as green hexagons, pink shapes represent events and milestones. Light red boxes are inputs and outputs. Organizations responsible for the process are linked in as well as the WBS item.
Shows products throughout the lifecycle. Includes maturity level and templates for defining the products. 
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Candidates for inclusion in MBSD environment 

Presenter
Presentation Notes
When starting to adopt MBE, how can you decide what should be modeled. Which models should be integrated? Just because we can doesn’t mean we should.
Most of us have models already, but they are scattered around different teams and cover different domains. Modeling at Aero is fragmented.
The models are not integrated. Downstream needs and handoffs are not considered. This can cause rework downstream if people have to recreate the data in a format they can use. 
Our first step is to consider the SE lifecycle. Each tier follows the lifecycle and has its own set of artifacts that should feed into the tier above. 
Principles of the Systems Engineering VEE are embedded in the workflow.
Each data element has a WP description with maturity criteria for each milestone. The PDS shows us which artifacts are created at all levels of development for whole lifecycle. It can be used to see who is consuming the data downstream. This leads us to the discovery of where models need to be integrated. 

Data elements with analysis in the name are potential artifacts that should have models associated with them.
Events that happen in parallel or used similar data as inputs leads us to identify the need for common data sources and the potential for parallel computing. Flight control example here?



Candidate products for Modeling 

Selection Guidelines 

 Analysis required 

 Trade space investigation 

 Highly integrated work products 

 Traceability is needed 

 High complexity 

 

 

Candidates (Subset) 

 Maintenance Task Analysis 

 Sortie Generation Rate Analysis 

 Availability Analysis 

 Life-Cycle Management Analysis 

 Logistics Footprint Analysis 

 Electromagnetic Environmental Effects 
Analysis 

 Reliability Centered Maintenance Analysis 

 Failure Mode, Effects and Criticality Analysis 
(FMECA) 

 Spares Analysis 

 Integrated Systems Health Management 
Analysis 
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Presenter
Presentation Notes
How does WP make the MBE candidate cut




Benefits of MBSD 
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Formalizes the 
practice of 

systems 
development 

•Includes industry accepted standards 
•Includes tools 
•Includes command media 
•Provides single source of truth 

Increases 
integration 

•Includes multiple domains 
•Supports handoffs in the 
product hierarchy from SoS to 
component 
•Defines data needs 

Improves quality 
& productivity, 

Reduces schedule 
& risk 

•Increases rigor and precision of 
definition 
•Communicates to stakeholders 
•Manages complexity 
•Automates labor intensive activities 
(document generation) 



https://aero-sp1.external.lmco.com/sites/AeroSE/Site%20Documents/MBE/MBE_Survey.docx 

Practical Implementation of MBSD 

Operational 
Analysis 

Support/ 
Sustainment 

Operational  
Performance 

It’s NOT Scientific, it’s a ‘FRAME of Mind’ 

Presenter
Presentation Notes
Modeling is done with a purpose in mind requiring an overall strategy that supports the whole lifecycle
Modeling covers more than the development artifacts
Our development process is also modeled
The Product Development Standard is used to determine our modeling needs
The Work Product Standard is used to document the:
Work product description
Applicable processes and standards
Guidelines and best practices
Tools that support the development of the work product
SMEs and POCs that can support the development activities
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