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Research leaders with expertise in automation, polymer, metal, and composites AM, manufacturing processes, 

material properties, and metallurgy

Bill King

Computer vision, 

Additive Mfg

Placid Ferreira

Manufacturing 

systems control

Sam Tawfick

PhD Michigan

Composites mfg and 

properties

Marie Charpagne

Metallurgy, Alloy 

design

Katie Driggs-

Campbell

Robotics and 

human interfaces

Katie Matlack

Non-destructive 

inspection; 

Ultrasonic 

measurements

JC Stinville

Materials 

Informatics and 

Characterization

Advanced Manufacturing at Illinois

Shelly Zhang

Topology 

optimization

50+ faculty and researchers in Manufacturing

Mechanical Eng, Materials Science, Electrical Eng, 
Aerospace Eng, Civil Eng, Bio Eng, Industrial Eng, Computer 
Science

Hundreds of graduate students and scientists 
working on research projects related to advanced 
manufacturing

Materials Research Laboratory with world-leading 
capabilities for materials property characterization

Exceptional computing infrastructure and 
expertise for AI, modeling and simulation, 
networking, and other topics

Many courses at the undergraduate and graduate 
levels
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Our View on the Future of Manufacturing

Next-Generation machine tools 
and manufacturing processes for 
100X faster production

Modular, self-aware machines 
that can adapt and change

New materials for extreme 
applications: aerospace, drones, 
mobility, nuclear, space

Resilient and flexible supply chains 
that rapidly reconfigure and 
respond in a crisis

Surge capability and capacity to 
respond to urgent needs

Automation and software 
intelligence for supplier validation, 
verification, and trust
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The future of manufacturing, created at the University of Illinois

Manufacturing Forensics 
AI-powered video analytics 

capture, time-stamp, 
index, and cross-reference 
visual data to reconstruct 

manufacturing events with 
high fidelity for analysis 

and accountability

Process and Part 
Optimization

AI-driven vision and 
analytics continuously 

monitor manufacturing 
processes to optimize 

materials, workflows, and 
product quality

Digital Twin
High-fidelity digital replica 
of assets integrating 
geometry, process, and 
operational data for 
simulation, monitoring, 
and optimization

Vision Automation
Self-aware robotic 

systems autonomously 
position cameras to 

inspect parts, measuring 
dimensions and detecting 

defects in real time
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Additive Manufacturing – Design, Manufacture, Qualify

Polymers and Composites

Manufacture

o Long fiber / large format composites manufacturing
o Energy efficient manufacturing of thermoset polymers
o Soft materials for gripping, manipulation, comfort, and energy absorption
 

o Large format metal additive manufacturing (Wire DED)
o Micro additive manufacturing, in-situ process monitoring
o Applications in aerospace, automotive, medical, and other fields

Design  

o New Metal Alloys
o Modeling and simulation; Virtual prototyping and manufacturing
o Topology optimization, design automation, design for manufacturability

Qualify 

o Computer vision, process monitoring, inspection, qualification
o Automated metrology, overlay CAD with photographs
o Robotics and autonomy; Factory operating system
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Metal AM Equipment at Illinois

Meltio M600 with Blue Laser Midwest Engineered Systems ADDere

XACT Metal XM200GConcept Laser Mlab 100R

Directed Energy Deposition (DED)

Powder Bed Fusion (PBF)

OPEN ADDITIVE
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AI Computer Vision for Manufacturing

Deep learning model identifies the process, machine, and material that produced 

the part from a single image

• We start by training a deep learning model on parts* with different manufacturing attributes: 
Machine, process parameters, material, build, print location
• The trained model evaluates unseen parts to accurately predict manufacturing attributes 
(exceed 99% accuracy) 

Bimrose et al. Additive manufacturing source identification from photographs using deep learning. npj Adv. Manuf. 2, 20 (2025). https://doi.org/10.1038/s44334-025-00031-2

While current inspection tools flag defects, they don’t answer the question that matters most: Is the part good? Our 
technology closes the gap with real-time part classification, turning raw sensor data into actionable quality decisions.
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Computer Vision and Manufacturing Software Intelligence
Automated CAD-to-Image Inspection System: Automate dimensional inspection by overlaying CAD geometry directly onto 
part images for accurate, repeatable feature measurement

How It Works:

• CAD Interpretation – Extracts geometry and dimension data from complex DXF drawings using logical heuristics and Y14.5 standards

• CAD–Image Association – Transformer-based model aligns CAD geometry to part images via RANSAC transformation matrix

• Feature Measurement – Uses edge detection and Hough transforms to extract and measure features; calculates deviation (DFT = 
Measured – Nominal)

Validation & Results:

• 4 manufacturing processes (DLS, MJF, SLA, FDM) and ten 
part designs tested

• SPM automatic measurements are compared to manually 
extracted measurements

• Mean Absolute Error (MAE) across five dimensions is 41 
microns

• Accuracy comparable to industry-standard software

Impact: Fast, objective, scalable inspection reduces manual labor, enhances traceability, and accelerates quality assurance
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Agile and Reconfigurable Supply Networks

Developing computer vision and AI technologies for supplier assessment, qualification, and management​

Resilience & Responsiveness Enablement: Designing and deploying manufacturing systems that prioritize rapid recovery and real-
time response under stress, ensuring mission continuity even under shocks such as global disruptions

Adaptive & Autonomous Architecture: Leveraging automation, robotics, AI, and smart factory frameworks, embedding adaptability 
into operations so that systems evolve dynamically to changing conditions

Deep Supply-Network Visibility: With sensing, edge computing, and analytics, enabling visibility far into tiers of the supply 
network, so decision makers can anticipate bottlenecks and mitigate risk across the full chain by converting latent manufacturing 
capabilities 

PRINT: Photographic Recognition and 
Identification using Neural networks 
for Traceability

Using PRINT in the field and 
determining the original manufacturer



Reverse Engineering in Castings & Forgings
Ability to make parts from designs, parts in service, or combinations

Creating CAD models from parts, critical when 

prints are not available

• Using the novel technology to demonstrate the capability of 
capture when no drawing is available

Leveraging digital engineering tools for quick 

and effective analysis

Digital Twins, linked to reverse engineering and rapid 
prototyping, utilize advanced NDE tools and computational 
techniques
• Reconfigurable instrumentation / rapid deployment of new 

measurement modalities
• Identification (CADMap registration) of data inconsistencies
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I l l i n o i s  M a n u f a c t u r i n g 1 1

Advantages for using 3D printing in Casting

• Design Freedom

• Quick Turnaround

• Improved Efficiency (process & part)

• Reduced Material Waste

• Reduced Costs

America Makes Project 5554.002 – Additive Manufactured 
Ceramic Shell Technology for Investment Casting 
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Redesign using AM
•  Customer made parts 
  ~ 1 /hr  at a cost of- $125 per part.

• Quality varies tremendously
• Process is primitive and unsafe for operator

•  Using AM it was possible to make 4 parts per hour at $15 
per part
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Note: done with one pass

Dilution within spec.
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Micrograph of  cross section where two passes 

overlap, typical microstructure for given 

materials no pores or sign of  lack of  fusion

Region on bottom of   bearing plate where it was 

anticipated that a majority of  heat would 

penetrate on the corner, minimal HAZ is observed

http://files.aws.org/wj/2008/09/wj200809/wj0908-36.pdf

http://files.aws.org/wj/2008/09/wj200809/wj0908-36.pdf
http://files.aws.org/wj/2008/09/wj200809/wj0908-36.pdf
http://files.aws.org/wj/2008/09/wj200809/wj0908-36.pdf
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Quick Turnaround: Localized repairs of high-value 
molds



I l l i n o i s  M a n u f a c t u r i n g 1 6

To manufacture new inserts, harden and polish = 4 
weeks of work  

Cost to manufacture new inserts $3,200+ time lost in 
production due to new parts being manufactured.

AM-repair, re-machine and polish inserts = 1 week’s 
work. 

Total cost to repair US $1,000

For other applications, saved months of downtime and 
over  $19,000 in savings
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Saved local company from $15k/minute penalties for stopping their 
Ford line

5 mm
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Improved Efficiency: Hybrid - Two Machine Process

EXAMPLE: Tough to Cast, Lead time: 52 Weeks
Machine disk base on Mill

3D print Vertical Thin Walls on AM
Finish on Mill

Delivery Time: 3 Weeks, 30% cost savings

ADVANTAGES

Optimize Utilization 

Lower Cycle Time Cost for Expensive Mills

Balance Process Throughput

Easier to Recover Powder
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Reduced Material Waste
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Reduced Costs
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OK Foundry in Virginia uses a 3D printed sand mold to 
case a 1912 Velie engine block (Source: OK Foundry)

The underbody of the General Motors Cadillac Celestiq is 
made using 3D printed sand cores that allow for stiffening 
features to be incorporated into the hollow sections 
(Source: General Motors, Voxeljet)

3D printed sand molds and cores can 
have an accuracy of ± 0.25mm and 
printed is a few days (Source: Castings 
Technology)

The 3D printed sand core for the 
cylinder head of the B48 BMW engine 
(Source: Voxeljet/Loramendi)

https://www.castingstechnology.com/what-we-do/manufacturing-services/3d-sand-printed-moulds-and-cores/
https://www.castingstechnology.com/what-we-do/manufacturing-services/3d-sand-printed-moulds-and-cores/












THANK YOU
Federico Sciammarella Ph.D.

Executive Director
Illinois Manufacturing Institute

The Grainger College of Engineering
105 S Mathews Ave, Urbana, IL 61801

fms18@illinois.edu
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