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Today -- Tomorrow

History Pathway Forward
• Prognostics and Health 

Management (PHM) 

• PHM DE3 Different viewpoints: 
• DEsign

• DEvelopment

• DEcision (DE3)
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Diagnostic Digital Twin
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Types of Digital Twins

Several ways of categorizing digital twins exist, but the following four 
categories, organized in a hierarchy, are by far the most common:

• Component twins (also referred to as part twins). The most basic 
level; it's not for simple parts like screws but for things like 
mechanical subassemblies.

• Asset twins (product). Two or more components whose interaction 
is represented in the digital twin.

• System twins (unit). Assets assembled into a complete, functioning 
unit.

• Process twins. Systems working together to serve a larger goal.



Digital Twins Challenges

Biggest Hurdles
• Data management

• CAD model to IoT sensor usable data  

• Data security.
• Timely Digital twin mission critical data

• IoT development
• IoT sensors a basic requirement

• System Integration
• CAD to PLM

• Supplier Collaboration
• Willingness to Share Information

• Complexity
• Multiple different manufacturer and suppliers 
• Final & Current Information.



Model 
Based 
Engineering

• Diagnostic Design

Diagnostic Design (eXpress)



The “A” & The “I”





Knowledge

The “A”

• Human Actions
• Physical

• Cognizant 

• Emotive

• System Operations

• Environment 

The “I”

AI
• Basis for Intelligence

• Validation

• Creation

• Assurance

• Value -- Ethics

If Knowledge is King, then Diagnostics is Queen



Diagnostics →
Knowledge



Diagnostic

Engineering

Maintenance

Engineering

Reliability

Engineering
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Diagnostics
CM
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Maintenance

RCM

Diagnostic Environments

RCM: Reliability-
Centered Maintenance

Engineering
Knowledge

CM: Corrective 
Maintenance

CBM: Condition-Based 
Maintenance
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Diagnostics → Knowledge



Digital twins in 
the metaverse

• Digital twins are one of the building blocks of the metaverse, a broad 
concept that incorporates technologies such as virtual reality that enable 
immersive and highly interactive digital worlds. Proponents are working to 
re-create in the metaverse many of the elements that people interact with in 
the real world.

• Augmented reality, another foundational technology of the metaverse, can 
overlay a digital twin on the object it represents to provide field technicians 
with more detailed maintenance data. Digital twins could also provide some 
of the data for images in virtual reality.

• Both the metaverse and digital twins demand herculean efforts to capture, 
then digitally mirror, things in the world. For digital twins, the process is 
called reality capture. It's usually done with a laser scanner that directs a 
laser beam at an object and the surrounding space to capture 
measurements. Laser scan files are then combined into a point cloud, a set 
of points in 3D space that outline the geometry of the scanned object. Color 
is often added and the point cloud is imported into CAD software for further 
enhancement.

• Reality capture technology has expanded beyond laser scanners to include 
smartphone software and drones, among others, which should help expand 
its use in digital twin development.

https://www.techtarget.com/whatis/feature/The-metaverse-explained-Everything-you-need-to-know
https://www.techtarget.com/whatis/definition/virtual-reality
https://www.techtarget.com/whatis/definition/augmented-reality-AR


The VRevolution… 



AR/VR devices can provide remote 
diagnosis and repair while minimizing 
travel costs and dependence on skilled 
technicians to be onsite. AR and VR 
headsets with custom software can boost 
service operations by increasing technical 
response time and faster return to service 
time.

VR, AR, MR and XR Technologies
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Gartner Hype Cycle 

VR, AR, MR and XR Technologies



Hype Cycle for Learning & Training





AR – VR – XR Application



The Blend
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OpportunitiesRepair
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Operations 
Domain

Diagnostic

Engineering

Maintenance

Engineering

Reliability

Engineering

Prognostics
CBM

Diagnostics
CM

Scheduled
Maintenance

RCM
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Intersecting Environments

•RCM: Reliability-Centered Maintenance
•CBM: Condition-Based Maintenance
•CM: Corrective Maintenance
•PHM: Prognostics & Health Management

Engineering
Knowledge

Repair &
Training 
Systems

PHM DE3

• Aircraft systems 

• Mission and Personnel 
critical performance 

IOT New Frontiers



The Blend

Engineering & Production Infrastructure On Board Diagnostic Health Management

Sense & Response Support Center



Making The Blend

• Knowledge vs A-I
• Bridge Design into Maintenance, Support 

Logistics & Operations Centers via 
Automated Analysis

• Digital True Twins
• Diagnostic Models with System 

Knowledge

• VR-XR Opportunities
• Hype Cycle
• Learning 

Kristy Kiernan, Ph.D., ATP, RPC
Associate Professor
Associate Director, Boeing Center for Aviation and Aerospace Safety

Program Coordinator, Master of Science in Aviation Safety

College of Aviation

1 Aerospace Blvd, Daytona Beach, FL

251.377.5922

kristine.kiernan@erau.edu

mailto:kristine.kiernan@erau.edu


QUESTIONS?



THANK YOU

David Cirulli  

Chief, Singapore Flight Operations 

Department of Flight/ Asia |  College of Aviation

+65 9130-9560  |  cirullid@erau.edu
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