
TCI05

Maiden in the Tower: The Intersection of MBSE 
and Cost Estimating 

2025 -05-15

Abstract:

Model based systems engineering (MBSE), and more broadly digital engineering, is becoming a more widely adopted 
practice within federal/defense acquisition. The motivations behind this adoption are to produce more effectively 
engineered systems and reduce the likelihood of costly rework in the later stages of system design and integration. Cost 
estimators and other project control professionals are most effective when fully integrated within the overarching 
Systems Engineering & Program Management (SEPM) team. What do MBSE and project control practitioners have in 
ÃÏÍÍÏÎȩ 4ÈÅ ÁÎÓ×ÅÒ ÉÓ ÔÈÁÔ ÂÏÔÈ ÁÒÅ ÅÆÆÅÃÔÉÖÅÌÙ ȰÊÁÃË-of-ÁÌÌ ÔÒÁÄÅÓȱ ×ÉÔÈ ÓÉÇÎÉÆÉÃÁÎÔ ÏÖÅÒÌÁÐ ÉÎ ÇÏÁÌÓ ÁÎÄ ÐÒÏÃÅÓÓÅÓȢ !Î 
unfortunate reality is that neither is regularly well-integrated with the other, despite the many philosophical and 
procedural commonalities. Through this topic, a sample case study will be presented to illustrate how these skillsets can 
operate in conjunction to produce more accurate and credible cost estimates as well as more dynamic and rapid 
evaluation of architecture/design alternatives.
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ÁRapunzel

ÁGermanic folklore

ÁFamously in 1812 Brothers Grimm collection

ÁLocked in a tower by sorceress

ÁDiscovered by a wandering prince

ÁSaved by letting down her hair

ÁMakeshift climbing rope

ÁȰ2ÁÐÕÎÚÅÌȟ 2ÁÐÕÎÚÅÌȟ ÌÅÔ ÄÏ×Î ÙÏÕÒ ÈÁÉÒȱ

Maiden in the Tower

3



ÁRapunzel

ÁGermanic folklore

ÁFamously in 1812 Brothers Grimm collection

ÁLocked in a tower by sorceress

ÁDiscovered by a wandering prince

ÁSaved by letting down her hair

ÁMakeshift climbing rope

ÁȰ2ÁÐÕÎÚÅÌȟ 2ÁÐÕÎÚÅÌȟ ÌÅÔ ÄÏ×Î ÙÏÕÒ ÈÁÉÒȱ

Maiden in the Tower

Cost Estimator

Systems Engineer

4



Rapunzel, Rapunzel, let 
down your hair

Modern Day Rapunzel

Engineer, engineer, please 
hand over your data
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Purpose: Demonstrate benefits of 
integrating cost & MBSE activities

ÁOverview of MBSE & Cost Estimation

ÁCost & MBSE Parallels

ÁIntegrated Cost & MBSE Environment

ÁMotivations

ÁProcess Suggestions

ÁSample Case Study

Introduction
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Ȱ!Î ÉÎÔÅÒÄÉÓÃÉÐÌÉÎÁÒÙ ÁÐÐÒÏÁÃÈ ÁÎÄ ÍÅÁÎÓ ÔÏ ÅÎÁÂÌÅ ÔÈÅ ÒÅÁÌÉÚÁÔÉÏÎ ÏÆ 
ÓÕÃÃÅÓÓÆÕÌ ÓÙÓÔÅÍÓȢȱ ɉ"ÌÁÎÃÈÁÒÄ Ǫ Fabrycky )

ÁSet of heuristics to realize/develop successfulsystems at lower costs

ÁReduce rework, testing issues, and late-stage integration problems that drive costs

ÁEnables integration of engineering disciplines & program management functions

What is Systems Engineering?
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Ȱ!Î ÁÐÐÒÏÁÃÈ ÔÏ ÅÎÇÉÎÅÅÒÉÎÇ ÔÈÁÔ ÕÓÅÓ ÍÏÄÅÌÓ ÁÓ ÁÎ ÉÎÔÅÇÒÁÌ ÐÁÒÔ ÏÆ ÔÈÅ 
technical baseline that includes the requirements, analysis, design, 
implementation, and verification of a capability, system, and/or product 
ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ ÁÃÑÕÉÓÉÔÉÏÎ ÌÉÆÅ ÃÙÃÌÅȢȱ ɉ).#/3%Ɋ

What is MBSE?

ÁApplication of Systems Engineering using 
integrated digital models

ÁSubset of Digital Engineering (DE)

ÁStreamline systems engineering tasks

ÁTraceability through model elements

ÁIntended to further costsavings

ÁExamples of common tools:

ÁCAMEO, Innoslate, GENESYS
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Ȱ! ÃÏÓÔ ÅÓÔÉÍÁÔÅ ÉÓ ÁÎ ÅÖÁÌÕÁÔÉÏÎ ÁÎÄ ÁÎÁÌÙÓÉÓ ÏÆ ÆÕÔÕÒÅ ÃÏÓÔÓ ÇÅÎÅÒÁÌÌÙ ÄÅÒÉÖÅÄ 
by relating historical cost, performance, schedule and technical data of similar 
ÉÔÅÍÓ ÏÒ ÓÅÒÖÉÃÅÓȢȱ ɉ$!5Ɋ

Á2ÅÁÌÉÓÔÉÃ ÃÏÓÔ ÅÓÔÉÍÁÔÅÓ ÉÎÃÒÅÁÓÅ ÔÈÅ ÌÉËÅÌÉÈÏÏÄ ÏÆ Á ÐÒÏÇÒÁÍȭÓ success

ÁEnables more effective allocation of program resources over the lifecycle

ÁCredible, reliable, and accurate cost estimates reduce the chance of cost overruns

What is Cost Estimating?
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ÁSystems Engineering furthers communication

ÁEngineering disciplines

ÁProject management/operations research

ÁModeling & simulation

ÁCost requires significant communication

ÁDocumented requirements

ÁStrategy decisions from management

ÁSystem, design, & performance characteristics

ÁIntuitive synergies between MBSE & Cost

ÁAre these observed in literature reviews?

Á ICEAA Archives for MBSE-related topics

Á INCOSE Library for cost-related topics

Literature Review

Ideal
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ÁSystems Engineering ĄCommunication

ÁSadly little overlap between major 
organizations of each

ÁIn practice, little-to-no interactions

Literature Review

Ideal Reality
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Á31 articles overlap in topic between ICEAA and INCOSE (0.5%)

ÁWhat are the commonalities in these 31 overlapping articles?

ÁProcessis the primary key-word among these papers

Literature Review
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ÁFollow systems engineering practices in a digital ecosystem

ÁFacilitate an authoritative single source of truth which feeds other analysis and design

ÁDocuments/artifacts are largely automated as exportable reports from the system model

ÁHighly iterative to fuel alternative considerations and design synthesis

MBSE Processes
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MBSE Processes (DODAF)

ÁBegin with capability vision

ÁOperational need + goals

ÁDecomposecapabilities in structure

ÁDefine operational use-cases

ÁHow the system will exist in the real world

ÁSupport architecture for operations

ÁInteractions with other systems

ÁCreate solutions to fulfill capability gap

ÁSummarize system definition

ÁIterate cycle Ą design synthesis

ÁRefine current definition

ÁEnables further analysis and viewpoints
14
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ÁDefine what is being estimated at a high level Ą develop structure + decomposition

ÁIdentify assumptions, data, and methodologies to develop estimate

ÁInput from stakeholders (management, sponsors, end-user, engineering/design teams, etc.)

ÁBuild cost model with risk & uncertainties, then analyze the output

ÁIterative & recurring process based on an initial need statement (estimate purpose)

Cost Estimating Processes
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ÁSignificant overlap in heuristics & procedures

ÁBoth fields mutually benefit from further integration

ÁThree motivating factors: traceability, communication, automation

Motivations to Integrate Processes
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ÁSystem Model as the hub

ÁSingle Source of Truth

ÁAuthoritative information

ÁEnables other program functions

ÁProject controls single spoke

ÁLinear/iterative flow of info

ÁReceive inputs from system model

ÁProvide outputs to system model

Integrated MBSE & Cost Estimating Process
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Process Suggestions

Report -Based SW Interface
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CARD = Cost Analysis Requirements Document
JCL = Joint Confidence Level (integrated cost, schedule, risk analysis)

Model & Reports Performing Group

Direct Model Interface

System Model

Schedule Model Cost Model

JCL Model

Systems Engineer

Model Touchpoint

ProjectManagement
(Cost & Schedule)

DesignDecisions

Output

Model & Reports Performing Group

System
Info

Risk RegisterSchedule Inputs

System Model

Schedule Model Cost Model

JCL Model

Systems Engineer

Model Touchpoint

ProjectManagement
(Cost & Schedule)

CARD

DesignDecisions

Output



Sample Case Study (IRIS)

ÁIRIS Program

ÁInternational Recycling In-Orbit System

ÁDesigned to address the problem of space debris

ÁProhibits on-going operations of current missions

ÁThreatens future satellite launches & space missions

ÁCollect space debris and return it to Earth

ÁLaunch recovery satellite

ÁRecovery satellite navigates to debris fields

ÁCollect & transport debris with recovery satellite

ÁIntegrated MBSE & Project Controls

IRIS is a fictional program
21



Á7ÈÁÔ ×ÏÕÌÄ Á Ȱ2ÅÐÏÒÔ-"ÁÓÅÄȱ ÐÒÏÃÅÓÓ ÌÏÏË ÌÉËÅ ÉÎ ÐÒÁÃÔÉÃÅȩ

ÁInitialize both models to be interoperable

ÁIterate through model exchanges until some baseline is achieved

Pre-Planning the Integrated Environment
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Developing the System Model

Number Name Description

Req IRIS Goal
IRIS will utilize heat shield capsules equipped with advanced technology to capture, contain, and safely return space debris 

to Earth. The system will include ground-based facilities for processing and recycling the collected materials.
Req.1 IRIS Functional Requirements
Req.1.1 Debris Detection and Collection
Req.1.1.1 Debris Detection The system shall be capable of detecting space debris of various sizes, from small fragments to larger objects.
Req.1.1.2 Collection Mechanism The system shall include robotic arms or similar mechanisms to capture and secure debris.
Req.1.1.3 Collection Automation The system shall be able to operate autonomously or be remotely controlled by ground operators.
Req.1.2 Capsule Design
Req.1.2.1 Heat Shield Capsules shall be equipped with heat shields to protect against re-entry temperatures.
Req.1.2.2 Module Capsule Capsules shall have a modular design to allow for scalability and adaptability to different mission requirements.
Req.1.2.3 Thermal Sensors Capsules shall include sensors and telemetry systems to monitor and report status during the mission.
Req.1.3 Re-entry and Recovery
Req.1.3.1 Safe Re-Entry Capsules shall be designed to ensure safe re-entry and landing in designated recovery zones.
Req.1.3.2 Precision Landing The system shall include mechanisms for precise landing to facilitate easy recovery.
Req.1.3.3 Safe Handling The system shall include protocols for the safe handling and disposal of hazardous materials.
Req.1.4 Ground Processing & Recycling
Req.1.4.1 Handling Ground facilities shall be equipped to handle and process various types of materials collected from space debris.
Req.1.4.2 Environmental Compliance The recycling process shall comply with environmental regulations and standards.
Req.1.4.3 Safe Handling The system shall include protocols for the safe handling and disposal of hazardous materials.
Req.2 Performance Requirements
Req.2.1 Efficiency
Req.2.1.1 Targeted Debris Efficiency The system shall be capable of collecting a minimum of 90% of targeted debris within a specified mission duration.
Req.2.1.2 Fuel Consumption The system shall minimize fuel consumption and operational costs.
Req.2.2 Reliability
Req.2.2.1 Success Rate The system shall have a reliability rate of at least 95% for successful debris collection and return missions.
Req.2.2.2 Redunancy The system shall include redundancy features to ensure mission success in case of component failure.
Req.2.3 Safety
Req.2.3.1 Safety Standards The system shall comply with all relevant safety standards for space operations.
Req.2.3.2 Fail-Safe Mechanisms The system shall include fail-safe mechanisms to prevent accidental release of debris during collection and transport.
Req.3 Interface Requirements
Req.3.1 Communication

Req.3.1.1 Comm Security The system shall include secure communication channels for data transmission between the capsules and ground control.

Req.3.1.2 Real-Time Monitoring The system shall support real-time monitoring and control capabilities.
Req.3.2 Integration
Req.3.2.1 Launch Vehicle Integration The system shall be compatible with existing space infrastructure and launch vehicles
Req.3.2.2 Ground System Integration The system shall include interfaces for integration with ground processing and recycling facilities.
Req.4 Environmental Requirements
Req.4.1 Space Environment

Req.4.1.1 Space Environment Survivability
The system shall be designed to operate in the harsh conditions of space, including extreme temperatures, radiation, and 

microgravity.
Req.4.2 Earth Environment
Req.4.2.1 Ground Impact The system shall ensure minimal environmental impact during re-entry and landing.
Req.4.2.2 Sustainability The recycling process shall aim to reduce the carbon footprint and promote sustainability.

Table 2 IRIS Requirements:

Requirements

Requirements HierarchyMBSE Tool
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Developing the System Model

Requirements

Operations
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Developing the System Model

Operations

System Decomposition
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Developing the Model Touch Point

System Decomposition

Work Breakdown Structure
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Developing the Model Touch Point
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Developing the Model Touch Point

Work Breakdown Structure CEMM
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Developing the Model Touch Point

CEMM

CARDɀlike report

System Model
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Developing the Cost Estimate

CARDɀlike report

Cost Model
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Developing the Cost Estimate

CARDɀlike report

Cost Model
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Joint Confidence Level Analysis Model

32



Joint Confidence Level Analysis Model
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Incorporating Risks

Risk Report

System Model Risk 
Tracking

34



Incorporating Risks

Risk Report

JCL Model
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Joint Confidence Level Analysis Model
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Generating Outputs
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