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1.0 Scope, Mission, Objectives 

1.1 Mission Statement 

The mission of the AI for Electronics Task Group is to assist electronic PCB design, fabrication 
and assembly personnel and facilities by providing an evolving roadmap for the strategic 
integration of Artificial Intelligence (AI) into their job functions. By harnessing AI technologies, 
we aim to optimize efficiency, accuracy, and reliability in the design, fabrication and 
assembly process, ultimately improving user productivity, increasing innovation and 
advancing the capabilities of electronic product creation and manufacturing. 

1.2 Scope 

The Scope of the Task Group is: 

1. Process Optimization: Suggest where to Implement AI- assisted tools and AI 
algorithms to streamline and enhance various stages of PCB design, fabrication, and 
assembly, including component placement, routing, soldering, quality control, and 
testing. 

2. Predictive Maintenance: Encourage the use of AI-powered predictive analytics to 
anticipate equipment failures, minimize downtime, and optimize maintenance 
schedules, thereby ensuring continuous production flow. 

3. Quality Assurance: Leverage AI-driven inspection systems for real-time defect 
detection and classification, ensuring high-quality standards and minimizing rework. 

4. Supply Chain Management: Integrating AI-based forecasting models to optimize 
inventory management, mitigate supply chain disruptions, and enhance just-in-time 
manufacturing practices. 

5. Workflow Automation: Developing AI-driven automation solutions to reduce manual 
intervention, enhance productivity, and enable seamless collaboration between 
human operators and machines. 
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6. Data Analytics and Insights: Harnessing AI techniques to analyze vast amounts of 
manufacturing data, extract actionable insights, and facilitate data-driven decision-
making for continuous improvement. 

7. Bill of Rights: A suggested Bill of Rights will be authored to address concerns for current 
and future practitioners. 

1.3 Objectives 

The Task Group seeks to meet the following objectives: 

1. Enhanced Efficiency: Encourage the use of AI-assisted tools where practical to 
increase overall efficiency in PCB design, fabrication and assembly processes through 
the use of increased automation and optimization enabled by AI technologies. 

2. Improved Quality: Encourage reduction of defect rates through the implementation of 
AI-assisted inspection systems and predictive maintenance. 

3. Cost Optimization: Suggest a pathway to achieve cost savings by optimizing resource 
utilization, reducing re-spins and rework, and enhancing inventory management 
through AI-based predictive analytics. 

4. Sustainable Growth: Explore scalability and sustainability of AI-enabled assembly 
processes, allowing seamless integration with evolving technologies and market 
demands, thereby fostering long-term growth and competitiveness. 

5. Continuous Learning and Improvement: Establish mechanisms for ongoing learning 
and adaptation, leveraging feedback loops and data-driven insights to continually 
refine and optimize AI algorithms and assembly workflows. 

 

2.0 Background – Overview of Electronic PCB Design, Fabrication and Assembly Processes 

2.1 EDA Design Overview  

 
EDA (Electronic Design Automation) PCB (Printed Circuit Board) design involves the use of 
software tools to create and optimize electronic circuits. Here's a basic overview of the 
process: 

2.1.1. Schematic Capture 

• Objective: Create a visual representation of the electronic circuit. 
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• Process: 

• Component Selection: Choose components (resistors, capacitors, ICs, etc.) 
from a library. 

• Connection: Connect the components using wires to form the desired circuit. 

• Symbols and Footprints: Each component has a corresponding symbol (for 
schematics) and footprint (for PCB layout). 

2.1.2. PCB Layout Design 

• Objective: Arrange the physical placement of components and route electrical 
connections on the PCB. 

• Process: 

• Component Placement: Position components on the board according to 
design constraints and considerations like thermal management and signal 
integrity. 

• Routing: Draw the electrical connections (traces) between components. This 
involves creating pathways for current to flow according to the schematic. 

• Layer Management: Utilize multiple layers if necessary. PCBs can have several 
layers to manage complex circuits (e.g., signal layers, and ground planes). 

2.1.3. Design Rules and Constraints 

• Objective: Ensure the design adheres to manufacturing and operational constraints. 
• Process: 

• Electrical Rules Check (ERC): Verifies that the schematic is electrically correct. 

• Design Rule Check (DRC): Ensures that the PCB layout complies with the 
physical and manufacturing constraints (e.g., minimum trace width, spacing). 

2.1.4. Simulation and Analysis 

• Objective: Validate the functionality and performance of the circuit before 
manufacturing. 

• Process: 

• Signal Integrity Analysis: Check for issues like crosstalk and reflection. 

• Thermal Analysis: Ensure the design can dissipate heat effectively. 

• Power Integrity Analysis: Verify the power delivery network (PDN) to ensure 
proper power distribution. 
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2.1.5. Generation of Manufacturing Files 

• Objective: Create files necessary for manufacturing the PCB. 
• Process: 

• Electronic Files (Gerber, IPC-2581, ODB++, etc.): Standard format for PCB 
manufacturing, containing information about each layer of the board. 

• Bill of Materials (BoM): List of all components required to build the PCB. 

• Pick and Place File: Information for automated assembly machines on 
component placement. 

2.1.6. Prototyping and Testing 

• Objective: Build and test a physical prototype of the PCB. 
• Process: 

• Assembly: Assemble the PCB with all the components. 

• Testing: Perform functional testing to ensure the circuit operates as intended. 
This may involve debugging and iterative refinement. 

2.1.7 Tools 

• Software: Popular EDA tools include Altium Designer, Autodesk Eagle, Cadence Allegro 
and OrCAD, KiCad, Siemens (Mentor) Xpedition and PADS, and Zuken CadStar, CR-
5000 and CR-8000. (These are common layout tools; there are other 
simulation/analysis tools as well.) 

2.1.8 Summary 

EDA PCB design is a detailed process that involves creating schematics, designing PCB 
layouts, adhering to design rules, running simulations, generating manufacturing files, and 
prototyping. It combines electronic engineering principles with specialized software tools to 
bring electronic circuits from concept to reality. 
 
2.2 PCB Fabrication Overview 
Printed Circuit Board (PCB) fabrication involves several steps to transform a circuit design 
into a physical board that can be used to connect and support electronic components. These 
steps outline the fundamental process of PCB fabrication. Advanced PCBs with multiple 
layers, finer traces, or special materials may involve additional steps and more sophisticated 
techniques. 

Here's an overview of the basic process: 
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2.2.1 Printing the Design: 

• The PCB design (Sec 2.1) is converted into a format that can be used for 
fabrication, often Gerber, IPC-2581 or ODB++ files. These files contain the 
information for each layer of the PCB, including copper traces, solder mask, 
and silkscreen layers. 

2.2.2 Preparing the Substrate: 

• A base material, usually a fiberglass-reinforced epoxy laminate known as FR-4, 
is coated with a thin layer of copper on one or both sides. 

2.2.3 Image Transfer: 

• Photoresist Application: A light-sensitive material called photoresist is applied 
to the copper-clad board. 

• Exposure and Development: The board is then exposed to ultraviolet (UV) light 
through a photomask (a transparent film with the PCB design printed on it). 
The UV light hardens the photoresist in the areas where it is exposed. The 
unexposed areas are then washed away, leaving a pattern of photoresist on 
the copper. 

2.2.4 Etching: 

• The board is placed in an etching solution, usually ferric chloride or ammonium 
persulfate, which removes the exposed copper, leaving only the copper traces 
protected by the hardened photoresist. 

2.2.5 Drilling: 

• Holes for through-hole components and vias (connections between different 
layers) are drilled using computer-controlled machines. 

2.2.6 Plating: 

• The drilled holes are plated with copper to establish electrical connections 
between different layers of the PCB. 

2.2.7 Solder Mask Application: 
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• A solder mask (a protective layer) is applied over the entire board, except for 
the pads where components will be soldered. This mask helps prevent solder 
bridges during assembly and protects the traces from environmental damage. 

2.2.8 Silkscreen Printing: 

• Labels, component outlines, logos, and other information are printed on the 
PCB using a silkscreen process. 

2.2.7 Surface Finish: 

• A surface finish, such as HASL (Hot Air Solder Leveling), ENIG (Electroless Nickel 
Immersion Gold), or OSP (Organic Solderability Preservative), is applied to the 
exposed copper pads to prevent oxidation and ensure good solderability. 

2.2.8 Testing: 

• Electrical testing is conducted to check for continuity and shorts. Automated 
optical inspection (AOI) may also be performed to ensure the board matches 
the design specifications. 

2.2.9 Cutting and Profiling: 

• The individual PCBs are cut from the larger panel using a routing or v-scoring 
process, which creates the final shape of the board. 

2.3 Assembly Overview 

There are three types of PCB assembly. The Overview describes the assembly process for a 
mixed SMT and TH assembly 

1. Surface Mount Technology (SMT): Components are mounted directly onto the surface 
of the PCB. This is the most common and efficient method for high-volume 
production. 

2. Through-Hole Technology (THT): Components have leads that are inserted into holes 
drilled in the PCB and soldered on the opposite side. This method is used for 
components that require a strong mechanical bond. 

3. Mixed Technology: Combines both SMT and THT on a single board, often necessary for 
complex or high-reliability applications. 



 

8    ©Printed Circuit Engineering Association, “A Roadmap for Use of AI-Assisted Tools for the Electronics Industry”  rev. 
02/19/2025. All rights reserved. No reproduction or duplication is permitted with written approval.  

PCB assembly (PCBA) is the process of soldering or assembling electronic components onto 
a printed circuit board (PCB) to create a fully functional electronic device. The PCB serves as 
a physical platform to support and connect the components. 

2.3.1 Steps in PCB Assembly 

1. Design and Fabrication: 

• Design: Engineers design the PCB layout using CAD software. The design 
includes the placement of components and routing of electrical connections. 

• Fabrication: The design is sent to a manufacturer to produce the physical PCB, 
which consists of layers of conductive and insulating materials. 

2. Component Procurement: 

• Components specified in the Bill of Materials (BoM) are sourced. This includes 
resistors, capacitors, integrated circuits (ICs), connectors, etc. 

3. Solder Paste Application: 

• A stencil is used to apply solder paste to the pads where components will be 
placed. Solder paste is a mixture of tiny solder balls and flux. 

4. Pick and Place: 

• Automated machines place components onto the PCB in their designated 
positions based on the design. 

5. Reflow Soldering: 

• The assembled PCB passes through a reflow oven. The heat melts the solder 
paste, forming electrical and mechanical connections between the 
components and the PCB. 

6. Inspection and Quality Control: 

• Automated Optical Inspection (AOI): Machines inspect the boards for soldering 
defects, misplaced components, etc. 

• X-ray Inspection: Used to inspect hidden solder joints, such as those under Ball 
Grid Array (BGA) components. 
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• Manual Inspection: Human inspectors check for issues that automated 
systems might miss. 

7. Through-Hole Component Insertion: 

• For through-hole components, holes are drilled in the PCB. Components are 
inserted and soldered, often using wave soldering or selective soldering 
processes. 

8. Testing: 

• In-circuit testing (ICT): Checks for shorts, opens, resistance, capacitance, and 
other basic electrical properties. 

• Functional Testing: Ensures the assembled PCB functions correctly in a 
simulated environment. 

9. Rework and Repair: 

• Any defects identified during inspection or testing are corrected. 

10. Final Assembly: 

• Assembled PCBs may be further integrated into enclosures or systems, adding 
connectors, cables, and other hardware. 

3.0 Definition of AI as Applied to the Electronics Industry 

Artificial Intelligence (AI) may be defined as applied to the processes of PCB Design, 
Fabrication, and Assembly as assisting in the various process steps in the following ways: 

Note: the word “may” is used in place of “can” as it’s important for the user of the AI tool to 
understand its true capabilities, data sources, and limitations before assuming its value and 
applicability. 

3.1 PCB Design 

1. Schematic Design and Optimization: 

• Automated Schematic Generation: AI may assist in automatically generating 
schematics based on predefined specifications and component libraries, 
significantly reducing the time and effort needed in the initial design phase. 
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• Component Placement: AI algorithms may optimize the placement of 
components on a PCB to minimize signal interference, reduce trace lengths, 
and improve thermal management. 

• Design Rule Checking (DRC): AI may automatically check the design against a 
set of predefined rules to ensure it meets all necessary standards and 
specifications, identifying errors and suggesting corrections. 

2. Placement and Routing: 

• Automated Routing: AI-driven tools may perform complex routing tasks, finding 
the optimal paths for electrical connections while considering signal integrity, 
electromagnetic compatibility, and other critical factors. 

• Autoplace considerations: 

1. Define functional blocks and rules for grouping related components.  

2. Explain ideal placement relationships for noise-sensitive parts, with 
thermal and mechanical considerations.  

3. For critical circuits, define placement methods to manage crosstalk and 
timing concerns. 

4. Optimize circuit signal flow and minimize need for vias and layer 
changes. 

5. Optimize placement for power components and bypass capacitor 
location to simplify routing. 
 

• Autoroute considerations: 
 

1. Grouping critical nets, plot paths. 

2. Optimal order of routing for signal groups. 

3. Best practices for impedance, return paths, split planes, and avoiding 
backdrilling. 

4. Preferences for tuning style, via locations, and ground transition vias. 

5. Rules for via-in-pad, removal of unused pads, and optimal use of 
different via types. 

6. Considerations for digital, mixed-signal, analog, and power 
management techniques. 

7. Methods for managing SI and EMI in transmission lines. 
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8. Determine optimal locations for testing. 
 

 

• Adaptive Learning: AI may learn from previous designs and improve routing 
efficiency over time by understanding common patterns and best practices. 

1. AI will also respond to the latest component and materials technology, 
adapting routing automation capabilities even if prior use teaching 
examples are not available.  

 

3. Simulation and Testing: 

• Signal Integrity Analysis: AI may simulate the electrical behavior of a PCB 
design, predicting potential issues such as crosstalk, reflections, and 
impedance mismatches. 

• Thermal Analysis: AI may simulate thermal properties, helping designers 
identify hotspots and optimize heat dissipation strategies. 

3.2 PCB Fabrication 

1. Process Optimization: 

• Predictive Maintenance: AI may predict when manufacturing equipment might 
fail or require maintenance, reducing downtime and increasing productivity. 

• Parameter Tuning: AI algorithms may optimize fabrication parameters (such 
as temperature, pressure, and chemical concentrations) to ensure high-
quality production. 

2. Quality Control: 

• Automated Inspection: AI may assist in reducing the programming time 
involved with AOI systems. AI-assisted vision systems may inspect PCBs for 
defects such as misalignments, solder bridges, and component placement 
errors with high precision and speed. 

• Defect Prediction: Machine learning models may analyze data from previous 
fabrication runs to predict and prevent defects in future production cycles. 

3.3 PCB Assembly 
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1. Component Handling and Placement: 

• Pick and Place Optimization: AI may optimize the sequence and placement of 
components, reducing assembly time and improving accuracy. 

• Robotics Integration: AI-powered robots may handle delicate components and 
perform precise assembly tasks with minimal human intervention. 

2. Soldering: 

• Automated Soldering: AI may control soldering robots to ensure consistent and 
high-quality solder joints, adjusting parameters in real time based on sensor 
feedback. 

• Solder Joint Inspection: AI-driven systems may inspect solder joints for defects 
such as insufficient solder, cold joints, and bridging. 

3. Testing and Debugging: 

• Functional Testing: AI may automate the functional testing of assembled PCBs, 
identifying any operational issues and suggesting potential fixes. 

• Debugging Assistance: AI may help diagnose and resolve faults by analyzing 
test data and correlating it with known issues and solutions. 

• Predictive Maintenance: AI can retrieve process data (pressures, temperatures, 
current signals, error codes, etc.) from a machine and predict a maintenance 
problem by the parameter that is becoming out of control, as well as initiate 
corrective action.  

 

3.4 Potential Benefits of AI in PCB Design, Fabrication, and Assembly 

• Increased Efficiency: Automation of repetitive and complex tasks speeds up the 
overall process, allowing engineers to focus on more strategic and creative aspects. 

• Improved Accuracy: AI reduces human error, ensuring higher precision in design, 
fabrication, and assembly. 

• Cost Reduction: Optimizing processes and reducing defects can lead to significant 
cost savings in production. 

• Enhanced Innovation: AI enables designers to explore more complex designs and 
innovative solutions that might be challenging to achieve manually. 

 

4.0 Current Problems and Challenges 
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The current main problems and challenges slowing the adoption of AI-assisted tools in PCB 
design, fabrication, and assembly are numerous. 

These include: 

1. Data Quality and Availability 

• Insufficient Training Data: AI models require large amounts of high-quality data for 
training. In PCB design and manufacturing, obtaining comprehensive and accurate 
datasets can be difficult. 

• Data Privacy and Security: Many companies are hesitant to share their proprietary 
design and manufacturing data due to concerns over intellectual property and 
competitive advantage. 

2. Complexity of PCB Design 

• Design Variability: PCBs can vary widely in complexity, from simple single-layer boards 
to multilayer, high-density interconnects. Developing AI models that can handle this 
variability is challenging. 

• High Dimensionality: PCB designs involve numerous parameters, including electrical, 
thermal, mechanical, and signal integrity considerations, making the modeling 
process complex. 

3. Integration with Existing Tools 

• Legacy Systems: Many PCB design and manufacturing processes are built on legacy 
systems that are not easily compatible with modern AI technologies. 

• Standardization: Lack of standardization in data formats and interfaces makes it 
difficult to integrate AI tools seamlessly into existing workflows. 

4. Technical Limitations 

• Algorithm Performance: Developing AI algorithms that can perform as well as or better 
than human designers, especially for complex and high-precision tasks, remains a 
significant challenge. AI does not:  

• Resolve conflicts holistically with suitable compromises 

• Treat place & route as interdependent processes 

• Apply designer methods & preferences 

• Determine if reuse blocks could be used 
• Accommodate signal integrity and thermal concerns. 
• Isolate power supply, analog & RF circuits 

• Incorporate DFX requirements 
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• Group & orient parts for effective split planes 

• Plan space needed for bus paths & tuning 

• Place discretes for effective fanout & routing 

• Optimize for test point accessibility 
 
 

• Computational Requirements: High computational power is required to train and run 
sophisticated AI models, which can be costly and resource-intensive. 

• Communications. Precise communication skills are required to articulate the task AI is 
asked to complete. 
 

5. Trust and Reliability 

• Error Tolerance: AI models must achieve a high level of accuracy and reliability to be 
trusted in the PCB design and manufacturing process, where errors can be costly and 
time-consuming to correct. 

• When LLMs are trained with different solutions for specific PCB problems, how can it 
choose the appropriate approach? 

•  
• Explainability: Many AI models, particularly deep learning ones, operate as "black 

boxes," making it difficult for engineers to understand how decisions are made, which 
hampers trust and adoption. 

6. Economic Factors 

• Cost of Implementation: Developing, implementing, and maintaining AI systems can 
be expensive, and the return on investment is not always immediately clear. . AI 
systems must justify the cost of installation and process redesign. 

• Skills Gap: There is a shortage of professionals with the necessary expertise in both AI 
and PCB design, creating a barrier to effective implementation. 

• Companies do not want competitors to benefit from their model training. 

7. Regulatory and Compliance Issues 

• Regulatory Standards: Adhering to industry-specific standards and regulations can 
be challenging when incorporating AI into PCB design and manufacturing processes. 

• Quality Assurance: Ensuring that AI-driven designs meet all required quality and 
safety standards is critical but can be difficult to guarantee. 

8. Adoption Resistance 
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• Cultural Resistance: Engineers and designers accustomed to traditional methods may 
resist adopting AI technologies, fearing job displacement or being skeptical about the 
reliability of AI solutions. 

• Training Models: Inadequate use cases and an absence of open-source design 
libraries exist for dense and complex designs. 

• Change Management: Implementing AI requires significant changes in workflows and 
processes, which can be disruptive and met with resistance from various 
stakeholders. 

Addressing these challenges involves improving data collection and sharing practices, 
enhancing algorithm performance, ensuring better integration with existing tools, and 
fostering an environment of trust and collaboration between AI developers and PCB industry 
professionals. 

 

5.0 Benefit Examples  

5.1  Benefit Examples for AI-Assist in PCB Assembly 

1. Design Optimization 

• AI Integration: AI tools can analyze PCB designs for potential issues and suggest 
optimizations for better performance, reduced manufacturing costs, and enhanced 
reliability. 

• Benefits: Improved design quality, reduced errors, and faster time-to-market. 

2. Component Placement 

• AI Integration: AI algorithms can optimize the placement of components on the PCB to 
ensure minimal signal interference and optimal thermal management. 

• Benefits: Enhanced performance, reduced electromagnetic interference (EMI), and 
better thermal distribution. 

3. Manufacturing Process Planning 

• AI Integration: AI can analyze the entire PCB assembly process, from soldering to 
testing, and suggest the most efficient sequence of operations. 

• Benefits: Increased efficiency, reduced production time, and lower costs. 

4. Solder Paste Inspection 
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• AI Integration: AI-powered vision systems can inspect solder paste applications to 
ensure it is within the required tolerances. 

• Benefits: Higher accuracy in solder paste application, reduced defects, and improved 
yield. 

5. Automated Optical Inspection (AOI) 

• AI Integration: AI can enhance AOI systems by improving the detection of soldering 
defects, component misalignment, and other assembly issues. 

• Benefits: Faster and more accurate defect detection, leading to higher quality 
products. 

6. Pick and Place Optimization 

• AI Integration: AI can optimize the operation of pick-and-place machines to increase 
speed and accuracy, reduce downtime, and improve component placement 
precision. 

• Benefits: Higher throughput, reduced machine wear, and lower operational costs. 

7. Quality Control and Testing 

• AI Integration: AI can be used to predict potential failure points by analyzing historical 
data from previous assemblies and tests. 

• Benefits: Proactive quality assurance, reduced return rates, and enhanced customer 
satisfaction. 

8. Supply Chain Management 

• AI Integration: AI can predict component shortages and price fluctuations, optimize 
inventory levels, and suggest alternative suppliers or components. 

• Benefits: Reduced lead times, lower inventory costs, and improved supplier reliability. 

9. Predictive Maintenance 

• AI Integration: AI can monitor the condition of assembly equipment and predict when 
maintenance is needed to prevent unexpected breakdowns. 

• Benefits: Increased equipment uptime, reduced maintenance costs, and enhanced 
productivity. 

10. Data Analysis and Continuous Improvement 
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• AI Integration: AI can analyze data from the entire PCB assembly process to identify 
areas for continuous improvement. 

• Benefits: Ongoing process optimization, improved overall efficiency, and reduced 
waste. 

11. Workflow Integration 

1. Initial Design: Engineers create PCB designs using CAD software integrated with AI for 
design optimization. 

2. Component Selection: AI suggests the best components based on performance and 
availability. 

3. Process Planning: AI tools develop the most efficient assembly process. 
4. Assembly: AI-assisted pick-and-place machines and soldering processes are 

executed. 
5. Inspection: AI-powered vision systems conduct solder paste inspection and AOI. 
6. Testing: AI tools predict and identify potential defects. 
7. Feedback Loop: Data from inspections and testing is fed back into the AI system to 

refine future processes. 

5.2 Conclusion 

AI-assisted PCB assembly offers numerous benefits, including improved design quality, 
higher efficiency, reduced costs, and better product reliability. By integrating AI at various 
stages of the PCB assembly process, manufacturers can achieve significant advancements 
in productivity and quality. 

6.0 AI-assisted Use Models  

6.1 Schematic and Product Design - Examples: CircuitMind, Zuken, Siemens 

“Electronic engineering teams can use an AI app, such as Circuit Mind’s intelligent platform to 
automatically select optimal components, generate and redesign schematics in seconds, 
with fewer errors.” Source: https://www.circuitmind.io/ 

6.2 Supply Chain Management – Example: Luminovo 

“Connect stakeholders and integrate selected data from your ERP to get real-time 
information about the supply chain including demand, orders, availabilities, and costs. 
Collaborate with your team, customers, and partners in real time adopting secure, digital and 
personalized processes. Make data-driven strategic decisions.” Source: Luminovo.com 

6.3 Design for Manufacturing Validation – Example: Siemens Valor 

https://www.circuitmind.io/
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“Valor NPI’s MRA enables you to identify potential DFM manufacturing issues before going into 
production. It not only identifies where your PCB design exceeds your supplier’s manufacturing 
capabilities, it also shows where low yield or field failures may occur. With this visibility, designers 
can optimize their designs for manufacturing during the initial stage, accelerating their ramp-to-
volume cycle.” Source: https://eda.sw.siemens.com/en-US/pcb/valor/valor-npi/ 

6.4 Yield and Quality Improvement – Example: Instrumental 

“For operations teams trying to enhance yield, prevent field failures, or work with a new 
manufacturing partner. Get real-time oversight of your production, intercept defective units 
using visual inspection, get alerts when yield drifts, and conduct faster failure analysis when 
issues arise.” Source: instrumental.com 

6.5 Managing Data Collection and Exchange – Example: Arch Systems 

“Connect every machine. Then, use advanced predictive machine analytics to rapidly 
calculate manufacturing KPIs” Source: https://archsys.io/ 

6.6 Managing Product Inspection – Example: Koh Young 

“In the Smart Factory ecosystem, data fuels continuous improvement. Inspection-based 
process control tools generate valuable data, offering insights into trends, patterns, and 
potential improvements. Manufacturers can use this data to identify bottlenecks, fine-
tune processes, and predict maintenance needs while maintaining the highest quality 
standards. From automated programming and smart review that help operators to 
autonomous process optimization for printers and mounters to assist engineers, Koh 
Young is applying AI to help inspection equipment mitigate talent shortages and 
improve operational efficiency.” Source: kohyoung.com 

Other examples are to be added as available. 

 

7.0 Quantitative Case Study Benefits Estimates using AI-Assisted PCB Assembly (See 
Source Citings) 

7.1. Design Optimization 

• Baseline: Traditional design process with manual optimization. 
• AI-Assist: AI tools for design verification and optimization. 
• Improvement Metrics: 

• Design Time Reduction: 30% reduction in design cycle time. 

• Error Reduction: 40% fewer design errors leading to reduced rework. 

https://archsys.io/
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• Cost Saving: 20% reduction in overall design costs. 

7.2. Component Placement 

• Baseline: Manual or semi-automated component placement. 
• AI-Assist: AI algorithms for optimal component placement. 
• Improvement Metrics: 

• Placement Accuracy: 99.9% accuracy (compared to 98% manually). 

• Time Efficiency: 25% faster placement process. 

• Cost Saving: 15% reduction in placement costs. 

7.3. Manufacturing Process Planning 

• Baseline: Traditional sequential process planning. 
• AI-Assist: AI-optimized manufacturing process. 
• Improvement Metrics: 

• Process Efficiency: 20% increase in process efficiency. 

• Lead Time: 30% reduction in lead time. 

• Cost Saving: 10% reduction in manufacturing costs. 

7.4. Solder Paste Inspection 

• Baseline: Manual or conventional automated inspection. 
• AI-Assist: AI-powered vision systems for solder paste inspection. 
• Improvement Metrics: 

• Defect Detection Rate: 95% detection rate (compared to 85%). 

• Inspection Speed: 40% faster inspection. 

• Cost Saving: 20% reduction in rework costs due to early defect detection. 

7.5. Automated Optical Inspection (AOI) 

• Baseline: Standard AOI systems. 
• AI-Assist: Enhanced AOI with AI for defect detection. 
• Improvement Metrics: 

• Defect Detection Rate: 98% detection accuracy (compared to 90%). 

• Inspection Speed: 30% faster. 

• Cost Saving: 25% reduction in costs associated with undetected defects. 
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7.6. Pick and Place Optimization 

• Baseline: Conventional pick-and-place machines. 
• AI-Assist: AI-optimized pick-and-place operations. 
• Improvement Metrics: 

• Placement Speed: 35% faster. 

• Accuracy Improvement: 99.95% accuracy. 

• Cost Saving: 15% reduction in machine operation costs. 

7.7. Quality Control and Testing 

• Baseline: Standard testing protocols. 
• AI-Assist: AI-driven predictive quality control. 
• Improvement Metrics: 

• Defect Prediction Accuracy: 90% accuracy (compared to 75%). 

• Testing Time Reduction: 20% faster. 

• Cost Saving: 30% reduction in warranty and return costs. 

7.8. Supply Chain Management 

• Baseline: Traditional supply chain management. 
• AI-Assist: AI-optimized inventory and supply chain management. 
• Improvement Metrics: 

• Inventory Levels: 25% reduction in inventory holding costs. 

• Lead Time: 20% reduction in supply lead times. 

• Cost Saving: 15% reduction in procurement costs. 

7.9. Predictive Maintenance 

• Baseline: Reactive maintenance. 
• AI-Assist: AI-driven predictive maintenance. 
• Improvement Metrics: 

• Downtime Reduction: 50% reduction in unplanned downtime. 

• Maintenance Cost Saving: 30% reduction in maintenance costs. 

• Equipment Lifespan: 20% increase in equipment lifespan. 

7.10. Data Analysis and Continuous Improvement 
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• Baseline: Manual data analysis and improvement. 
• AI-Assist: AI for continuous process improvement. 
• Improvement Metrics: 

• Process Efficiency: 15% continuous improvement in process efficiency. 

• Defect Rate: 10% annual reduction in defect rates. 

• Cost Saving: 10% reduction in overall production costs due to continuous 
improvements. 

7.11 Summary of Quantitative Benefits 

• Overall Design Cost Reduction: 20% 
• Manufacturing Lead Time Reduction: 30% 
• Quality Improvement (Defect Reduction): 50% 
• Production Cost Saving: 25% 
• Inventory Cost Saving: 25% 
• Maintenance Cost Saving: 30% 
• Equipment Uptime Improvement: 50% 

By leveraging AI-assisted tools throughout the PCB assembly process, companies can 
achieve significant improvements in efficiency, quality, and cost-effectiveness. These 
quantitative benefits illustrate the transformative potential of AI in modern PCB 
manufacturing. 

 

Source Citings: Some credible sources that provide quantitative use models or data related 
to the use of AI-assisted tools in PCB assembly: 

1. Journal Articles and Conference Papers: 

• IEEE Xplore Digital Library: IEEE publishes a variety of research papers and 
articles on the application of AI in electronics and manufacturing. Search for 
relevant papers using keywords like "AI in PCB assembly," "machine learning in 
electronics manufacturing," etc. 

• Example: “Artificial Intelligence Applications in Electronics Manufacturing” from 
IEEE Transactions on Components, Packaging and Manufacturing Technology. 

2. Industry Reports: 

• McKinsey & Company: They publish reports on the impact of AI across various 
industries, including manufacturing. 
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• Example: “AI in Manufacturing: The Next Productivity Revolution” 
(available on McKinsey's website). 

• Gartner: They offer insights and reports on AI's role in manufacturing and its 
quantitative benefits. 

• Example: “Market Guide for AI in Manufacturing Operations” (available 
to Gartner subscribers). 

3. Industry White Papers: 

• Siemens Digital Industries Software: Siemens provides white papers and case 
studies on the implementation of AI in PCB manufacturing. 

• Example: "AI-Driven Digitalization for PCB Manufacturing" (available on 
Siemens' official website). 

• IBM Research: IBM's white papers on AI in manufacturing include data and case 
studies demonstrating the impact of AI technologies. 

• Example: "Enhancing Manufacturing Quality and Efficiency with AI" 
(available on IBM's official website). 

4. Technical Standards and Guidelines: 

• IPC (Association Connecting Electronics Industries): IPC publishes standards 
and guidelines that sometimes include the use of AI for improving 
manufacturing processes. 

• Example: IPC-2591 (IPC-Connected Factory Exchange, IPC-CFX), which 
discusses smart manufacturing and may include AI use cases. 

5. Books: 

• "Artificial Intelligence in Manufacturing" by M. Khan and S. Y. Li: This book 
provides an in-depth look at how AI is applied in various manufacturing 
processes, including PCB assembly. 

• "Smart Manufacturing: AI, Automation, and Data-Driven Decision Making" by M. 
N. Islam: This book covers a range of AI applications in manufacturing with 
quantitative data and case studies. 

6. Case Studies and Articles from Industry Leaders: 

• ASM Assembly Systems: They often publish case studies and articles on their 
website regarding the use of AI in PCB assembly processes. 
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• Nordson Corporation: Their electronics division publishes insights on how AI 
improves inspection and quality control in PCB assembly. 

• Example: “Improving Yield and Reducing Costs with AI in PCB Assembly” 
(available on Nordson's official website). 

7. Academic Theses and Dissertations: 

• Universities often have theses or dissertations available in their digital 
repositories which focus on AI in manufacturing and can provide quantitative 
data. 

• Example: “AI Applications in Modern Electronics Manufacturing” – a Ph.D. thesis 
available through ProQuest Dissertations & Theses Global. 

By exploring these sources, you can gather credible, quantitative data on the impact and 
benefits of using AI-assisted tools in PCB assembly. 

 

8.0 Data Management, esp. for Security 

Managing data for AI-assisted tools requires careful consideration of various guidelines to 
ensure data integrity, privacy, security, and usability. Here are some key guidelines to follow: 

8.1. Data Privacy and Security 

• Compliance with Regulations: Ensure compliance with data protection regulations like 
GDPR, CCPA, HIPAA, etc., depending on the geographical location and industry. 

• Data Anonymization: Remove personally identifiable information (PII) to protect user 
privacy. 

• Encryption: Use strong encryption methods for data at rest and in transit to prevent 
unauthorized access. 

• Access Control: Implement strict access control measures to ensure that only 
authorized personnel can access sensitive data. 

8.2. Data Quality and Integrity 

• Data Accuracy: Ensure that the data is accurate, consistent, and up-to-date. 
• Data Cleaning: Regularly clean the data to remove duplicates, errors, and 

inconsistencies. 
• Validation and Verification: Implement processes for validating and verifying data to 

maintain its integrity. 

8.3. Data Collection and Storage 
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• Ethical Data Collection: Collect data ethically, with informed consent from individuals, 
and ensure that data collection methods are transparent and fair. 

• Data Storage: Use reliable and scalable storage solutions. Ensure that data storage 
systems are secure and backed up regularly. 

• Metadata Management: Maintain comprehensive metadata to provide context and 
improve data usability. 

 
8.4. Data Usage 

• Offer users a secure, self-contained environment to build, train, and deploy AI models 
using their own data, maintaining full ownership and control. 

• Purpose Limitation: Use data only for the specific purposes for which it was collected. 
Avoid repurposing data without appropriate consent. 

• Bias Mitigation: Regularly evaluate and mitigate any biases in the data to ensure fair 
and unbiased AI outcomes. 

• Transparency: Maintain transparency about how data is used and processed, 
especially when it impacts end users. 

8.5. Data Governance 

• Data Stewardship: Assign data stewards to oversee data management practices and 
ensure adherence to guidelines. 

• Policies and Procedures: Develop and implement clear policies and procedures for 
data handling, processing, and storage. 

• Audits and Monitoring: Conduct regular audits and monitoring to ensure compliance 
with data management policies and regulations. 

8.6. Data Sharing 

• Data Sharing Agreements: Establish clear agreements and protocols for data sharing 
with third parties to protect data integrity and confidentiality. 

• Controlled Access: Implement mechanisms for controlled access to shared data, 
ensuring that only authorized entities can access it. 

• Interoperability: Ensure that data is in a format that allows for interoperability with 
other systems, facilitating seamless data exchange. 

8.7. Documentation and Training 

• Comprehensive Documentation: Maintain thorough documentation of data sources, 
data processing methods, and data usage policies. 
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• Training Programs: Provide training for staff on data management best practices, 
privacy, and security protocols. 

8.8. Ethical Considerations 

• Fairness and Accountability: Ensure that data usage aligns with ethical standards, 
promoting fairness and accountability in AI outcomes. 

• User Impact Assessment: Evaluate the potential impact of data usage on users and 
communities, and mitigate any adverse effects. 

8.9. Data Lifecycle Management 

• Data Retention Policies: Establish and enforce data retention policies that specify how 
long data should be kept and when it should be securely deleted. 

• Lifecycle Tracking: Track the lifecycle of data from collection to disposal to ensure it is 
managed appropriately at each stage. 

By adhering to these guidelines, organizations can effectively manage data for AI-assisted 
tools, ensuring data privacy, security, and integrity while maximizing the utility and ethical use 
of the data. 

 

9.0 AI Rules 

The following is a series of assumptions and principles the AI for EI Task Group proposes in 
order for AI to ascertain mainstream implementation and acceptance: 

1. Users will have access to a secure, self-contained environment to build, train, and 
deploy AI models using their own data, maintaining full ownership and control. 

2. AI will incorporate higher-level design intent and system-level heuristics. 
3. AL will learn how designers and engineers solve problems. 
4. AI will balance multiple competing objectives and make effective tradeoffs. 
5. AI will learn from new technology and adapt to evolving requirements. 
6. AI will use existing algorithms when appropriate and effectively. 
7. AI will adhere to each industry’s different standards & regulations. 
8. AI will provide explanations for AI suggestions or actions 
9. AI will automatically select optimal components, and generate and redesign 

schematics in seconds, with few or zero errors. 
10. AI will resolve conflicts in PCB layout holistically with suitable compromises, treat place 

and route as interdependent processes, apply designer methods and preferences, 
and determine if reuse blocks could be used. 
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11. AI will revolutionize supply chain management in two specific areas: (a) It will connect 
stakeholders and integrate selected data from an ERP to get real-time information 
about the supply chain including demand, orders, availabilities, and costs. (b) It will 
enable real-time adoption of secure, digital and personalized processes based on 
data-driven strategic decision-making. 

12. Manufacturing equipment and tools – especially legacy machines – take substantial 
time to learn and master. AI systems must read all a machine’s error codes, and 
understand when they do and do not matter, and be trained with the corrective 
actions known from user experience, so that novice operators can assess unfamiliar 
error codes with confidence.  

 

 

10.0 Standards – TBD 

 

11.0 IP Issues - TBD 

 

12.0 Education Needs and Guidelines - TBD 

 


