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MIT Lincoln Laboratory
DoD Federally Funded Research and Development Center

• Forward-looking national 
security architectures

• Long-term technology development

• Unique pathfinder prototypes

• Agile technology transfer

Technology in Support of National Security
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Trends Driving Lincoln Digital Engineering Effort

Complex Systems Aggressive Performance 
Targets Faster Design Cycles

• Coupled subsystem performance

• Mission driven prototypes

• Broad mission space

• Traceability

• High precision

• Coupled physics

• Engineered materials

• Virtual-Physical risk reduction

• Technology Transfer

• Efficient execution

• Reuse

• AI/ML opportunities
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MIT Lincoln Laboratory
DoD Federally Funded Research and Development Center

MIT Lincoln Laboratory researches and develops a broad array of advanced technologies to meet critical national security needs. What 
sets us apart from many national R&D laboratories is our focus on building operational prototypes of the unique systems we design.

Technology in Support of National Security

• Engineers / Designers / Technicians
• Design / Engineering / Analysis of Hardware
• Fabrication – PCB and Mechanical
• Assembly
• Test

Engineering

Mission Areas
Advanced 

Technology

Engineering

Air, Missile, and 
Maritime Defense 

Technology

Homeland 
Protection

Air Traffic 
Control

ISR Systems 
and Technology

Biotechnology 
and Human 

Systems

Space Systems 
and Technology

Communication 
Systems

Tactical 
Systems

Cyber Security 
and Information 

Sciences

Annual Funding
$1.4B

Number of Employees
~4,300

• Scientists and Engineers
• Government sponsor relationship
• Development / Engineering of technology
• High level of analytical modeling
• Some prototyping
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Range of Laboratory Programs

Advanced Technologies Advanced Prototypes

Sensing Components 
Signal Processing

Advanced
Imaging

Advanced
Silicon

Tactical 
Networking RF Technology Molecular 

Diagnostics

Space Surveillance 
Telescope

Lunar Laser 
Communications Demo XTR-1 Radar

Rapid Agent 
Aerosol Detector

MicroMAS Weather 
Sensing CubeSat HUSIR W-Band

Radar

Ladar

Sonar
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Digital Engineering Enabled Workflow

Conceptual Design and 
System-Level Trades

Complex Part 
Fabrication Inspection and Capture Field Test Data Sustainment

End-to-End Data AggregationModern Tools

MBSE – Model Based Systems Engineering , AR/VR – Augmented Reality / Virtual Reality

Enterprise Connectivity

•
 

•
 

•
 Customer & 

Partner Web-
Portal Access 

MBSE System 
Architecture

AR/VR-Enabled 
Process

Development

Data Access 
and 

Traceability

Knowledge 
Capture and 

Reuse

Continuous 
Review and 
Validation

Operational 
Data 

Monitoring

CUI

CUI

Design
Development

Test & Evaluation 
Production

Deployment
Operations & Support
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Digital Transformation Timeline

Go-live Significant 
change

Started to 
think about 

digital thread

Started to 
implement 

digital thread

Moved towards 
model based 
approaches 

in design

Started to 
think about 

change

Reorganized 
effort

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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• Background
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• Examples of the Thread



DF 3/6/2024 - 10
Connecting the Dots

So, What Was the Problem?
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2014 Lincoln Laboratory Engineering Systems

3D 
MODEL

2D 
DRAWING

DEFEATURED 
MODEL

FEA
CMM 

PROGRAM

CAM ASSEMBLY 
DRAWING

WORK 
ORDER or 

AR

STEP

PDF

WORK 
INSTRUCTION

REQUIREMENTS

CONCEPT 
MODEL

CFD
DR

SIGN-OFF

ANALYSIS PURCHASING

FABRICATION

INSPECTIONDESIGN

ASSEMBLY

TESTSYSTEMS ENG

TEST 
PLAN

DELIVERY

INTEGRATION

• Data resides in multiple places
– Incompatible systems and paper processes

• Copying and re-creation of data is a source of error and inefficiency

SELL OFF

*.stp

LISA, Local, 
DOORS, ? ePDM Local Multiple

Network

Multiple

Multiple

LISA, Local, ?
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OK, There are A Lot of Systems.

What Was Really the Problem?
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Access Challenges

Engineer

Study showed that it took up to 3 days for staff to access information

I need to make 
decisions and 

build something

I need 
design 

information

I need 
procurement 
information

Inspection

Can we use 
this part in 
the design?

Were my 
parts in 
spec?

Component 
Engineering
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Legacy Access Challenges

Unit Engineer

I need to make 
decisions and 

build something

I need 
design 

information

I need 
procurement 
information

Did the 
component 

engineer assess 
my parts?

Were my 
parts in 
spec?

Engineer

Designer

Doc 
Control

Planner
Fabrication 

Engineer

Buyer
Stock 
Clerk

Inspector

Fabrication 
Engineer

Component 
Engineer

Fabrication 
EngineerTactical Goal

• Reduce information access to 1 system
• Reduce search time to 1 hour
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OK, People Need Access.

What Was Really the Problem?
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Current Process – AI&T

Requirements

AI&T Flow 
Diagram

CAD

Tool Lists

Missional 
Assurance Plan

AI&T 
Resource List

Assembly 
Procedure

Engineers

INPUT

Technicians

Redlined

As-Run 
Procedure

Photos

Data/
Measurements

Calibration 
Records

Problem 
Reports

OUTPUT

As-built BOM

Network 
Orders

Documents capture significant amount of related information

Planner

Tech Writer

Tech Writer

Engineers

Documents capture significant amount of related information
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AI&T Related Tasks

Requirements

AI&T Flow 
Diagram

CAD

Tool Lists

Missional 
Assurance Plan

AI&T 
Resource List

Assembly 
Procedure

Redlined

As-Run 
Procedure

Photos
Data/

Measurements
Calibration 

Records

Problem 
Reports

Update Procedures
Reconcile Changes

Reconcile build
Understand change

Unit EngineerSystems Engineer

V&V
Data collection

Find data
Validate design

Analyst

As-built BOM

Verify pedigree
Report

MAOTech Writer

All of these documents need to be interpreted to do work.
They were often inconsistent.
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So, what was really the problem?

We didn’t see our work as being connected which caused: 
– Silos of data

– Delays in decision making

– Significant recreation of data

– Mistrust



DF 3/6/2024 - 19
Connecting the Dots

Digital Engineering Goals

Connect People
Engineer in a connected Digital Engineering Environment

Connect Data
Provide common, controlled data in a digital thread

Informed Decision Making
Use modeling and simulation to define engineering 

and engineering activities
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Value Streams

Value Creation
• Models
• Manufacturing details
• BOMs
• Build plans
• AI&T procedures
• Fab Request

Value Capture
• Demand
• Part request
• Quantity
• Work Centers
• Complexity

Value Capture
• Model
• Tolerances
• Instructions

Design Planning Machining

Idea Generation Concept Planning Execution Closeout

Digital Thread is a Tool for Value Creation and Connection

Technology 
Development

Program 
Development

Concept 
Development

System 
Development

Hardware
Development Planning Fabrication Inspection Assembly Test Deployment
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System Concept

Innovator
Platform

Communication
Visualization

Data Exchange
Workflow

Project Management FilesMaterial Management

Business 
Items 

and Files

Modeling 
and 

Simulation

System Model Analysis Software Solid Model Fabrication Inspection Assembly Test Validation + 
Tech Transfer

Information from iterative models and simulations linked throughout lifecycle of system

Idea Generation Concept Planning Execution Closeout
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Vision for Lincoln Digital Engineering

Integrated DE Platform Data Driven Decision Making Predictive Modeling

Collaborative Cross 
Domain Modeling And 

Simulation

Real-Time Data Access 
and Configuration 

Management
AI/ML Technologies Visualization Tools Super Computing

AI: Artificial Intelligence
ML: Machine Learning

High Quality Prototypes, Dynamic Execution
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Digital Engineering Environment Concept

Collaboration and Application Layer

Lincoln Technical and Administrative Staff

Technology 
Innovation Platform

Efficient Technical 
Operations Platform 

SupercomputingSource 
of Truth

Files

Physical 
Asset Data

Sponsor DE 
Environment
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Outline

• Background

• How Did We Decide Digital Thread is the Answer?

• Examples of the Thread
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Digital Thread Implementation Strategy
From a Systems Point of View

Concept
Development

Planning/ 
Requirements
Development

Preliminary 
Design

Detailed Hardware Design
& Development

Deployment 
and 

Maintenance

Test and 
Validation

Assembly 
and 

Integration

In Production

In Development

DIGITAL 
DESIGN

MBSE

INTEGRATED
ANALYSIS

DIGITAL 
AI&T

BUILD PLAN, 
FABRICATION, 

AND INSPECTION

AUTOMATED V&V and 
DATA PACKAGINGDigital Thread

OPERATIONS

VERIFICATION

SUPPORT FUNCTIONS
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Model-Based Mechanical Part Realization

• Model Access
• CAM with Model

• Inspect with Model
• Report/ disposition defects

Complete 
Verification Matrix 

• Create ERP 
material and order

• Create CAD model
• Fully-annotate Model

Plan for fab 
and AI&T

Create System Model
Share requirements 

• Design Review
• Change process

• Linkages and workflows for design to fabrication more streamlined
• All users have access to thread as needed and create new threads
• Data captured and organized right out of the box
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Digital Thread Growth

SEPTEMBER
2021

27 Programs
69,000 data connections
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Anatomy of a Mechanical Drawing

7. Title Block Information
(PDM)

5. Manufacturing Notes
(PDM Database)

6. Standard Notes
(CAD Format)

1. Format 
(CAD)

3. Dimensions and 
Tolerances
(CAD Model or Drawing)

4. Gov Markings
(Lincoln database)

2. Geometry 
(CAD Model)
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Technical Data Package (TDP) Publishing PDM

PDF

STEP

PDF TDP

PDM

Model

Drawing
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Part Data Model

Design Part

CAD Document

Material

Process Note

Material 
Note

Properties

Tests
BENEFITS

• Material and note libraries

• Ability to assign more than one material 

• Easy reporting of Material Usage Lists

• Relationships to other supporting documents

• Simplified ECN for non-CAD changes

Document
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Notes Interface
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Material Usage List
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Model-Based Printed Circuit Board Realization

Generate 
assembly 
pictures

• Assemble PCB 
w/ procedure

• Automatically 
capture as-built

Complete 
Verification Matrix 

• MBOM generation
• Component engineering

• Create PCB design
• Manage design

Plan for procurement 
and assembly

Create System Model
Share requirements 

• Design Review
• Change process

• Enables integration of circuit design simulations into the larger electrical, 
thermal, optical, and mechanical system design for earlier verification

• Consistent thread created throughout process

• Create ERP material and order
• Track status

• Inspect PCB 
using model

• Inspection and 
disposition
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• Significant data reuse

• Alignment on communication 
between roles

• Consistent source of truth

• Less data entry

• People do not need to be the 
source of truth

Benefits

• Results 20 pilot builds

– 215 hours saved manual data entry

– 429 parts created automatically

– Automated reuse of parts

– Improved inspection workflow
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Legacy Process – Fabrication Change Orders

Change 1
13

Change 6
17

2depop
Change 5

Ignore note 2

Change 
2

Change 
3

15

Engineer approves the request for 
change, but not the resulting design

Process relies on an individual to 
clarify conflicting documentation

Inspection didn’t have a single document 
to show design that was built

Order to build board 
to engineering 
documentation

Engineer requests 
changes via multiple 
Discrepancy Reports

72 Doc Specialist 
deconflicts changes

Board Assy 
Documentation 

generated

Inspection to 
Engineering 

Documentation
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Transformed Process

BOM
Variant 1

BOM
Variant 2

Physical Part 
BOM 1

Physical Part 
BOM 2

Engineers and Fabrication 
author Build Plan (mbom)

Release process includes 
engineers, fabricators, 

and inspectors

Fabrication, Inspection 
documentation created 

automatically 
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Build Plan MBOM Interface

• Consistent, simple to use interface to create MBOM
• Generates inputs for downstream kitting, build, and inspection
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Component Engineering

• Automated creation reuse, structuring, and replacement of components based on requirements
• Parts and component assessment reusable, requirements unique from program to program
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As-BuiltPhysical BOM – Digital Twin Foundation

• Complete thread carried through to as-built physical BOM
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Systems Engineering through System Build and Test

Execute digital 
AI&T procedures

Physical BOM 
creation

Complete 
Verification Matrix 

Create digital 
AI&T procedures

Plan for fab 
and AI&T

Program 
Planning

• Design Review
• Change process

• Data created in all aspects of design reused for assembly and test procedures
• Digital procedures break down information for reuse
• Complete thread from requirements to completion

• Material Planning
• Kitting

Simulation of 
Test Data

Create System Model
Share requirements 
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Digital Procedures
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Digital Breakdown
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Execution Record
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• Reduced data access from 7-8 systems to 1

• Reduced time to update procedures 

• Reduced reconciliation time 2-10 hours

• Reduced time to generate reports- days

Digital AI&T Related Tasks

Role Tasks Automated

Tech Writer Update Procedures 

Reconcile Changes 

Unit Engineer Reconcile build 

Understand change 

Systems Engineer V&V 

Data collection 

Analyst Find data 

Validate design

Mission Assurance Verify pedigree 

Reporting 
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• We found value in connecting people and connecting data

• Digital thread 

– Improved quality

– Reduced manual labor for administrative tasks

– Reduced system access

Conclusion
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