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2. Artificial Intelligence (AI)
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Source: https://consensus.app/questions/definition-artificial-intelligence/
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Branches of AI Types, applications and techniques
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How AI
Learns

The Cross-
Industry
Standard
Process
for Data
Mining,
known as
CRISP-DM
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Detailed Steps in Data Preparation
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e.g.: The domain expert said that the ratio for the ink
used by the machine will be in good state if:
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3. AI Revolution in Engineering
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https://open.hpi.de/courses/profitableai2024
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Statistical fairness metrics are essential tools for auditing AI systems and quantifying disparities in their outcomes.



Fourth edition of the Industrial Engineering and Maintenance department scientific day, GIM, JSGIM’25, June 18th, 2025, ENSTA, Algiers, Algeria. 56



57



58



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
59



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
60



Fourth edition of the Industrial Engineering and Maintenance department scientific day, GIM, JSGIM’25, June 18th, 2025, ENSTA, Algiers, Algeria. 61



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
62



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
63



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
64



Fourth edition of the Industrial Engineering and Maintenance 
department scientific day, GIM, JSGIM’25, June 18th, 2025, 

ENSTA, Algiers, Algeria.
65



4. Core AI Algorithms in MECH and IE
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Tailored AI Algorithms for Mechatronics
 PID Control with AI Tuning

o Justification: PID (Proportional-Integral-Derivative) controllers are foundational in robotics and automation.
AI enhances PID tuning by automatically optimizing parameters for stability and responsiveness in dynamic
environments, improving control precision.

o Example: An AI algorithm can continuously adjust the PID parameters of a robotic arm's joint motors in real-
time to maintain smooth and accurate movement despite varying loads or external disturbances.

 Adaptive Neuro-Fuzzy Inference System (ANFIS)
o Justification: Mechatronics often deals with nonlinear and uncertain systems (e.g., robotic arms or sensor-

driven actuators). ANFIS combines neural networks and fuzzy logic to handle imprecise inputs and adapt in
real-time, making it robust for complex control.

o Example: ANFIS can be used in an autonomous drone's flight control system to adapt to changing wind
conditions or payload variations, ensuring stable flight even with uncertain environmental inputs.

 Reinforcement Learning (RL)
o Justification: RL is ideal for scenarios where robots learn to perform tasks by interacting with the environment

and receiving feedback, enabling them to discover optimal strategies through trial and error.
o Example: Teaching autonomous drones or robotic arms optimal motion sequences for complex pick-and-place

tasks in a warehouse. The robot learns through rewards for successful actions and penalties for errors, iteratively
improving its movements.

 Computer Vision (e.g., Convolutional Neural Networks - CNNs)
o Justification: Essential for perception in robotics, enabling object tracking, gesture recognition, navigation, and

environmental understanding. Deep learning models like CNNs interpret complex visual data for real-time
decision-making.

o Example: A robot navigating a factory floor uses CNNs to identify obstacles, distinguish between different
types of objects, and recognize human workers, allowing it to move safely and efficiently.
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Tailored AI Algorithms for Industrial Engineering

 Genetic Algorithms (GA) & Swarm Intelligence (e.g., PSO, ACO)
o Justification: Excellent for solving complex optimization problems with vast solution spaces.

They are inspired by natural processes and are efficient for decentralized and dynamic
optimization.

o Example: Optimizing facility layouts to minimize material handling distances, or determining the
most efficient routing for a fleet of delivery vehicles to reduce fuel consumption and delivery
times.

 Predictive Analytics (e.g., Random Forests, Gradient Boosting Trees)
o Justification: Industrial engineering relies heavily on forecasting (maintenance needs, demand,

supply chain bottlenecks). Machine learning models predict future events based on historical data.
o Example: Predicting equipment failure based on sensor data (e.g., vibration, temperature) to

schedule proactive maintenance, or forecasting demand surges for specific products to optimize
inventory levels.

 Deep Learning for Quality Control (e.g., Convolutional Neural Networks - CNNs)
o Justification: Vision systems in manufacturing lines inspect products with high precision. CNNs

detect surface defects, anomalies, or non-conformities faster and more accurately than traditional
methods.

o Example: Automatically inspecting circuit boards for repairing defects or identifying microscopic
cracks in manufactured components, ensuring only high-quality products proceed. 72
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Tailored AI Algorithms for IE & Mechatronics
 Artificial Neural Networks (ANN)

o Justification: Versatile and capable of handling nonlinear systems. In mechatronics, they can model complex robot dynamics; in
industrial engineering, they predict trends or anomalies in operations.

o Example: In mechatronics, ANNs can learn the inverse kinematics of a robotic arm for precise control. In industrial engineering, they
can predict energy consumption patterns in a factory.

 Support Vector Machines (SVM)

o Justification: High accuracy in both classification and regression tasks, making them useful for defect detection, fault diagnosis, and
system identification in both fields.

o Example: Classifying sensor data to diagnose specific machine faults (mechatronics) or identifying defective products on a production
line (industrial engineering).

 Decision Trees

o Justification: Simple yet effective for classification and regression. Used in failure diagnostics in machines (mechatronics) or decision-
making in production systems (industrial engineering) due to their interpretability.

o Example: Creating a decision tree to identify the root cause of a robot malfunction based on sensor readings, or to determine optimal
production parameters based on quality outcomes.

 K-Means Clustering

o Justification: Groups similar data points, useful for identifying patterns in large datasets. Applicable in sensor data analysis
(mechatronics) and customer/product segmentation or process analysis (industrial processes).

o Example: Grouping similar operational states of a machine based on sensor data to identify normal vs. anomalous behavior
(mechatronics), or segmenting production batches based on quality metrics (industrial engineering).

74
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GAN: Generative Adversarial Network
GLM: Generalized Language Model

RLHF: Reinforcement Learning from Human Feedback
AS: Appearance Synthesis

VAEs: Variational Autoencoders

MECH IE
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LLMs: Large Language Models

LLMs are deep learning models trained on massive text datasets to understand, generate, and manipulate 
human language. Examples include GPT, Claude, Gemini, and LLaMA.

Link with GenAI

LLMs are core enablers of Generative AI in language-related tasks. They can:

• Generate coherent text, code, summaries, reports, and instructions.
• Translate, converse, or answer questions with context awareness.
• Be combined with other AI systems (e.g., digital twins, robotics, optimization engines) to generate 

context-specific responses, plans, or documents.

 In industrial engineering: LLMs generate reports, simulate operator instructions, or analyze process 
logs.

 In mechatronics: They support robot instruction generation, fault diagnostics, or voice-based interface 
generation.
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Algorithm Type Input Output Field Example

GAN Random noise Realistic images/designs Part design, defect 
simulation

VAE Latent vectors Signal/images/component
s

Process modeling, 
synthesis

Diffusion Models Noise Images/textures/scenes Visual inspection, 3D 
assets

RL Agents Environment Optimized 
actions/sequences

Robot control, task 
scheduling

Algorithms that can generate images, audio, designs, motion, 3D models, control 
strategies, and more — without relying on language.



Cons of GenAI

• Someone has to be responsible of what AI has generated (quality
control, GenAI is not 100 % accurate)

• Overreliance on GenAI and Degradation of skills (which makes the
quality control more challenging)

• Security, privacy, copyright concerns
• General output not specific to the context (depends on prompt

engineering skills)
• Engineers have to adapt to new technologies as they evolve
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5. A snapshot of AI adoption in 
Students Final Year Projects

(2022-2024)
Industrial Engineering and Maintenance Department
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Industrial Maintenance projects show the highest AI integration (55.2%), leveraging AI for predictive capabilities.
Mechatronics (33.3%) applies AI for intelligent control and robotics, while Industrial Engineering (25.0%) uses AI for
process and business optimization.
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6. Presentation sources
(compiled by several AI tools)
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AI Market Trends in Engineering Sources
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AI in IE and Mechatronics Sources (1/3)

1. The Synergy of Artificial Intelligence and Mechatronics: Revolutionizing System Control and Automation - Marathwada Mitramandal's Polytechnic, accessed May 28, 2025, https://mmpolytechnic.edu.in/the-synergy-of-artificial-
intelligence-and-mechatronics-revolutionizing-system-control-and-automation/
2. What is Mechatronics? - Tech-Labs, accessed May 28, 2025, https://tech-labs.com/blog/what-mechatronics
3. How Artificial Intelligence is Transforming Industrial Engineering, accessed May 28, 2025, https://aiiem.org/how-artificial-intelligence-is-transforming-industrial-engineering/
4. What is Industrial AI? | Discover Industrial AI Solutions | IFS, accessed May 28, 2025, https://www.ifs.com/what-is/what-is-industrial-ai
5. Learn How Artificial Intelligence (AI) Is Changing Robotics – Intel, accessed May 28, 2025, https://www.intel.com/content/www/us/en/learn/artificial-intelligence-robotics.html
6. Top 5 AI Adoption Challenges for 2025: Overcoming Barriers to ..., accessed May 28, 2025, https://convergetp.com/2025/03/25/top-5-ai-adoption-challenges-for-2025-overcoming-barriers-to-success/
7. (PDF) AI in the Workplace: A Systematic Review of Skill ..., accessed May 28, 2025, https://www.researchgate.net/publication/381504112_AI_in_the_Workplace_A_Systematic_Review_of_Skill_Transformation_in_the_Industry
8. Overcoming Barriers to AI Adoption in Manufacturing: A Roadmap for Transformation, accessed May 28, 2025, https://www.supplychainbrain.com/blogs/1-think-tank/post/40959-overcoming-barriers-to-ai-adoption-in-
manufacturing-a-roadmap-for-transformation
9. Intelligent Mechatronic Systems - Devomech Solutions, accessed May 28, 2025, https://devomech.com/intelligent-mechatronic-systems/
10. AI in Manufacturing: 8 Use Cases You Shouldn't Miss - Damco Solutions, accessed May 28, 2025, https://www.damcogroup.com/blogs/ai-in-
manufacturing-industry
11. The new Essential Eight technology trends: PwC, accessed May 28, 2025, https://www.pwc.com/us/en/tech-effect/emerging-tech/essential-eight-technologies.html
12. Robotic Trends in 2025: Innovations Transforming Industries ..., accessed May 28, 2025, https://robotnik.eu/robotic-trends-in-2025-innovations-transforming-industries/
13. Bridging the Gap: Advances in Human-Robot Interaction | A3 industry Insights, accessed May 28, 2025, https://www.automate.org/industry-insights/advances-human-robot-interaction
14. AI for Robotics | NVIDIA, accessed May 28, 2025, https://www.nvidia.com/en-us/industries/robotics/
15. Driving Towards Autonomy: Advancements in AI Algorithms for Self-Driving Cars, accessed May 28, 2025, https://www.automate.org/news/-59
16. Role of AI in Autonomous Vehicles - VAct Technologies, accessed May 28, 2025, https://www.vact-tech.com/role-of-ai-in-autonomous-vehicles/
17. Future Trends in Mechatronics - Discover Engineering, accessed May 28, 2025, https://www.discoverengineering.org/future-trends-in-mechatronics/
18. Latest Trends in Bio-Inspired Medical Robotics: Structural Design, Manufacturing, Sensing, Actuation and Control | Frontiers Research Topic, accessed May 28, 2025, https://www.frontiersin.org/research-topics/52789/latest-
trends-in-bio-inspired-medical-robotics-structural-design-manufacturing-sensing-actuation-and-control/magazine
19. Bio-inspired robotics - Wikipedia, accessed May 28, 2025, https://en.wikipedia.org/wiki/Bio-inspired_robotics
20. Bio-Inspired Robotics: Examples & Locomotion | StudySmarter, accessed May 28, 2025, https://www.studysmarter.co.uk/explanations/engineering/mechanical-engineering/bio-inspired-robotics/
21. Mechatronics in Home Automation - Discover Engineering, accessed May 28, 2025, https://www.discoverengineering.org/mechatronics-in-home-automation/
22. News: Transforming Smart Homes: The Synergy Between IoT and ..., accessed May 28, 2025, https://www.automate.org/news/transforming-smart-homes-the-synergy-between-iot-and-robotics-for-enhanced-automation-and-
efficiency
23. mmpolytechnic.edu.in, accessed May 28, 2025, https://mmpolytechnic.edu.in/the-synergy-of-artificial-intelligence-and-mechatronics-revolutionizing-system-control-and-
automation/#:~:text=Impact%20on%20Mechatronic%20Design&text=AI%2Dpowered%20design%20tools%20analyze,robust%20and%20efficient%20Mechatronic%20systems.
24. AI Potential in the Mechatronic Product Development - uu .diva, accessed May 28, 2025, https://uu.diva-portal.org/smash/get/diva2:1944043/FULLTEXT01.pdf
25. Future of Engineering Careers: Emerging Trends and Opportunities ..., accessed May 28, 2025, https://mckelveyconnect.washu.edu/blog/2025/03/03/future-of-
engineering-careers-emerging-trends-and-opportunities/
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26. The Role of AI in Engineering Innovation | Insights | Prime Group, accessed May 28, 2025, https://weareprimegroup.com/insights/the-role-of-ai-in-engineering-innovation/
27. Digital twins to embodied artificial intelligence: review and perspective, accessed May 28, 2025, https://www.oaepublish.com/articles/ir.2025.11
28. Digital Twins, Extended Reality, and Artificial Intelligence in ... - MDPI, accessed May 28, 2025, https://www.mdpi.com/2071-1050/17/5/2318
29. How to Use AI in Engineering: Top 10 Applications + Industry Impact ..., accessed May 28, 2025, https://openasset.com/blog/ai-and-engineering/
30. Key Benefits of AI in 2025: How AI Transforms Industries - Syracuse University's iSchool, accessed May 28, 2025, https://ischool.syracuse.edu/benefits-of-ai/
31. The Role of AI in Transforming Industrial Engineering Processes | Neural Concept, accessed May 28, 2025, https://www.neuralconcept.com/post/the-role-of-ai-in-transforming-industrial-engineering-processes
32. AI-Powered Predictive Maintenance in Manufacturing - AlphaBOLD, accessed May 28, 2025, https://www.alphabold.com/ai-powered-predictive-maintenance-in-manufacturing/
33. How Robot Sensors Are Powering a USD 5 Billion Revolution by ..., accessed May 28, 2025, https://www.roboticstomorrow.com/story/2025/01/how-robot-sensors-are-powering-a-usd-5-billion-revolution-by-2032/23916/
34. Real-Time Data Acquisition (DAQ) Systems | KEYENCE America, accessed May 28, 2025, https://www.keyence.com/products/daq/data-loggers/resources/data-logger-resources/real-time-data-acquisition-systems.jsp
35. Embedded Systems in Mechatronics - Discover Engineering, accessed May 28, 2025, https://www.discoverengineering.org/embedded-systems-in-mechatronics/
36. Data Acquisition (DAQ) - The Ultimate Guide - Dewesoft, accessed May 28, 2025, https://dewesoft.com/blog/what-is-data-acquisition
37. AI in Embedded Systems: How AI Runs on Low-Power Devices - Focalx, accessed May 28, 2025, https://focalx.ai/ai/ai-embedded-systems/
38. 5 Challenges to Address in Scaling Robotics Solutions in the Workforce, accessed May 28, 2025, https://www.artiba.org/blog/5-challenges-to-address-in-scaling-robotics-solutions-in-the-workforce
39. Challenges in AI Implementation and Solutions - Advised Skills, accessed May 28, 2025, https://www.advisedskills.com/blog/artificial-intelligence-ai/challenges-in-ai-implementation-and-solutions
40. Industrial AI Playbook: Best Practices for Plant Floor Integration | Manufacturing.net, accessed May 28, 2025, https://www.manufacturing.net/artificial-intelligence/blog/22941962/industrial-ai-playbook-best-practices-for-plant-
floor-integration
41. A Good AI Adoption Strategy Puts Engineering Fundamentals First - Uplevel, accessed May 28, 2025, https://uplevelteam.com/blog/ai-adoption-strategy
42. AI Adoption Framework: A Design Thinking Approach - Intellias, accessed May 28, 2025, https://intellias.com/ai-adoption-framework-design-thinking-approach/
43. Exploring 4 Popular Machine Learning Algorithms for Industrial ..., accessed May 28, 2025, https://control.com/technical-articles/exploring-4-popular-machine-learning-algorithms-for-industrial-applications/
44. What is a PID controller in robotics, and how does it work? - Milvus, accessed May 28, 2025, https://milvus.io/ai-quick-reference/what-is-a-pid-controller-in-robotics-and-how-does-it-work
45. Tuning of PID Controllers Using Reinforcement Learning for Nonlinear System Control, accessed May 28, 2025, https://www.mdpi.com/2227-9717/13/3/735
46. 5 Reinforcement Learning for Adaptive Mechatronics Systems - O'Reilly Media, accessed May 28, 2025, https://www.oreilly.com/library/view/computational-intelligent-techniques/9781394174645/c05.xhtml
47. Reinforcement Learning in Mechatronic Systems: A Case Study on DC Motor Control, accessed May 28, 2025, https://www.scirp.org/journal/paperinformation?paperid=140006
48. AI-Aided Kalman Filters - arXiv, accessed May 28, 2025, https://arxiv.org/html/2410.12289v1
49. Real-Time Robotics: How a Kalman Filter Can (not) Help - Intermodalics, accessed May 28, 2025, https://www.intermodalics.ai/blog/real-time-robotics-how-a-kalman-filter-can-not-help
50. Kalman Filter 101: State Estimation - MATLAB Helper, accessed May 28, 2025, https://matlabhelper.com/blog/simulink/kalman-filter-101-state-estimation/
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51. Kalman filter - Wikipedia, accessed May 28, 2025, https://en.wikipedia.org/wiki/Kalman_filter
52. Sensor fusion | Intro to Autonomous Robots Class Notes - Fiveable, accessed May 28, 2025, https://library.fiveable.me/introduction-autonomous-robots/unit-2/sensor-fusion/study-guide/ym5384uKgnfLWjXb
53. Perception Algorithms: Techniques & Examples | Vaia, accessed May 28, 2025, https://www.vaia.com/en-us/explanations/engineering/robotics-engineering/perception-algorithms/
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"Artificial intelligence is the new electricity.“
Andrew Ng, Co-founder of Google Brain

"The greatest benefit of AI is that it allows us to focus on the truly human 
parts of our work, like creativity, empathy, and strategic thinking.“
Kai-Fu Lee, AI Expert and Author

"AI is not about replacing engineers; it’s about amplifying their abilities to 
design and build better systems.”
Jeanette Wing, Computer Scientist and AI Researcher

Some quotations on AI to conclude this presentation…


