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[bookmark: _Toc193815327]1. Introduction
The EXPAI SmartIndustry project aims to utilize Explainable Artificial Intelligence (XAI) to drive innovation and enhancement in smart industry applications. By leveraging established and validated use cases, the project endeavors to provide a comprehensive framework for implementing XAI solutions within industrial environments. This document outlines the specific application scenarios for each use case, emphasizing their role in introducing and adapting the XAI framework. Additionally, it details the Key Performance Indicators (KPIs) as presented in the Full Project Proposal (FPP).
This document functions as an essential resource during the design (WP3) and development phases (WP4) of the EXPAI SmartIndustry project. By providing detailed insights and quantitative KPIs related to application-specific scenarios, it ensures that the design and development work packages have a clear and consistent understanding of the project's objectives and expectations.
[bookmark: _Toc193815328]1.1 Purpose
The purpose of this document is to provide a detailed description of the application scenarios of each use case for the EXPAI SmartIndustry project. It aims to ensure how EXPAI application to fulfill their objectives through development and demonstration phase.
The established KPI will ensure the quality and performance of the developed products. Key Performance Indicators (KPIs) are metrics that help EXPAI teams track their progress towards achieving specific objectives. By setting clear KPIs, we can measure various aspects of product development, such as efficiency, effectiveness, and customer satisfaction. These indicators provide valuable insights into how well the products meet the required standards and expectations. Additionally, KPIs enable teams to identify areas for improvement and make data-driven decisions to enhance the overall quality and performance of the products. Regular monitoring and evaluation of these indicators contribute to continuous improvement and sustained success.
[bookmark: _Toc193815329]1.2 Scope
The D2.2 document covers all processes and interim outcomes needed for each application to achieve their goals and address technical and business challenges.

[bookmark: _Toc193815330]1.3 Definitions, Acronyms, and Abbreviations
KPI – Key Performance Indicator
Smart Factory - Transformed factory that uses digitalized technologies to improve efficiency and productivity.
SMT – Surface Mount Technology, SMT is a method of assembling printed circuit boards (PCBs) that involves mounting electronic components directly onto the surface.
PCB – Printed Circuit Boards
AMR - Automated Mobile Robots
LiDAR - Light Detection and Ranging
[bookmark: _Toc193815331]1.4 References
List any documents, standards, or specifications referred to in this application scenarios and KPIs, such as application market trends, industry standards, or compliance requirements.
[bookmark: _Toc193815332]2. Overall Description
This section offers a general overview of the system being developed using AI technologies, including the description of key performance indicators (KPIs) for each application.
[bookmark: _Toc193815333]2.1 AI-related Manufacturing Applications
Artificial Intelligence (AI) technologies have significantly transformed various industries, and the manufacturing sector is no exception. By leveraging sophisticated algorithms and data-driven insights, AI has the power to enhance production processes, optimize operations, and improve overall efficiency in manufacturing workplaces.
The development of an Autonomous Mobile Robot (AMR) equipped with 2D/3D lidar sensors represents a significant advancement in robotics technology. We present optimal application scenarios to address current challenges and explore innovative solutions.
Warehouse Automation
In warehouse environments, AMRs with 3D lidar sensors can enhance automation processes. These robots can navigate complex layouts, avoid obstacles, and transport goods efficiently. The 3D lidar sensor provides precise mapping and environmental awareness, enabling the AMR to optimize routes and improve productivity. Additionally, AI technologies for object recognition enable the robot to identify and sort items, further enhancing efficiency.
Manufacturing Factories
In manufacturing plants, AMRs can facilitate material handling, assembly line support, and inventory management. The 3D lidar sensor allows the robot to operate accurately in environments with various machinery and human workers, enhancing operational safety and productivity. With AI technologies, the AMR can recognize and handle different parts and components, streamlining assembly and production processes.
The integration of AI technologies in the manufacturing workplace is revolutionizing the manufacturing industry. From predictive maintenance to human-robot collaboration, AI enhances efficiency, reduces costs, and ensures high-quality production. As AI continues to evolve, its applications in manufacturing will expand, leading to even greater innovation and advancements in the sector.
Machine Learning (ML)
Machine Learning, a subset of AI, involves training algorithms to recognize patterns and make data-driven decisions. In manufacturing, ML can predict equipment failures, optimize supply chains, and enhance quality control through data analysis and predictive maintenance.
Computer Vision
Computer Vision technology enables machines to interpret and understand visual information from the surrounding environment. In manufacturing, it is used for quality inspection, defect detection, and process monitoring. High-resolution cameras and advanced image processing techniques ensure that products meet stringent quality standards.
Robotics and Automation
These systems can perform repetitive and dangerous tasks with precision and consistency. Collaborative robots (cobots) work alongside human workers, enhancing productivity and safety on the factory floor.
Natural Language Processing (NLP)
Natural Language Processing allows machines to understand and respond to human language. In manufacturing, NLP is used for voice-activated control systems, chatbots for customer service, and automated documentation processes, simplifying communication and data management.

[bookmark: _Toc193815334]2.2 KPIs of AI-related applications
Overview of KPIs in Embedded SW Systems
Key Performance Indicators (KPIs) are critical metrics used to evaluate the success and efficiency of an embedded system. These indicators provide quantitative measures to ensure that the system meets its performance, reliability, and functional requirements. Common KPIs in embedded systems include processing speed, power consumption, memory usage, and system uptime. Additionally, response time, error rate, and throughput are essential metrics that help in assessing the system's real-time performance and overall effectiveness. By monitoring these KPIs, developers can identify areas for improvement, ensure optimal performance, and achieve the desired outcomes in various applications, including AI-related manufacturing processes.
Development of KPIs AI and embedded systems.
In AI-powered smart manufacturing systems, Key Performance Indicators (KPIs) are essential for evaluating the effectiveness, efficiency, and impact of AI technologies on manufacturing processes.
Common KPIs for these systems include:
· Accuracy of Decision-Making: Prediction or classification accuracy of AI models can be measured for quality inspection or production forecasting. The ability of AI models to correctly classify products or defects within the manufacturing process.
· Operation Efficiency: AI optimization can reduce product cycle times. It is important to measure all production times for efficiency. Another aspect of efficiency is the number of units produced within a specific time frame.
· Quality Improvement: Quality is an important indicator for the manufacturing process and must be tracked across all processes. Implementing AI models for quality inspection can significantly reduce defect rates and increase yield rates.
· Downtime and Maintenance: AI-powered predictive maintenance is used in manufacturing facilities to prevent equipment failures and reduce unplanned downtime.
· Safety and Compliance: The decrease in workplace incidents due to AI-powered safety monitoring and protocols. AI-powered safety systems meet industry standards and regulations.
· Scalability and Flexibility: AI-powered systems can be reconfigured easily for the development and production of new products. Many solution providers specify network protocols that are interoperable with other systems.
These KPIs help manufacturers assess the value and impact of AI technologies, guiding continuous improvement and strategic decision-making in smart manufacturing environments.
To develop solutions using XAI techniques, the EXPAI project has suggested quantified KPIs in the FPP. The next chapter explains how to accomplish these goals in terms of application.
[bookmark: _Toc193815335]3. Application Scenarios
This section details the specific functionalities the system must provide through various use cases.
[bookmark: _Toc193815336]3.1 Application Title: Autonomous Mobile Robots for SMT processes.
The use case in South Korea focuses on "object avoidance in Autonomous Mobile Robots (AMRs)," which we will apply to the PCB manufacturing process. In the context of Printed Circuit Board (PCB) production, incorporating mobile robots can significantly enhance various stages of the manufacturing process. These advanced mobile robots will be deployed in the loading and unloading stages for both semi-finished and finished PCBs, facilitating transitions between production stages. This deployment aims to reduce manual labor and increase overall efficiency. To optimize operational performance, the mobile robots will create efficient paths and avoid obstacles on their way to the target locations
Description: This use case describes the process of an Autonomous Mobile Robot (AMR) operating within a manufacturing environment to transport materials and improve productivity.
Preconditions:
· The AMR must be fully charged and connected to the factory's network.
· The factory layout and paths must be mapped and uploaded to the AMR system.
· All necessary materials and goods must be properly packed and labeled for transportation.
Steps:
1. The factory staff inputs the transportation request into the AMR's control system.
2. The AMR receives the transportation task and calculates the optimal path to the pickup location.
3. The AMR navigates through the factory, avoiding obstacles and following safety protocols.
4. Upon arriving at the pickup location, the AMR waits for the PCBs to be loaded.
5. Once loaded, the AMR confirms the load via sensors and updates the control system.
6. The AMR transports the materials to the designated drop-off location, avoiding any dynamic obstacles along the way.
7. Upon arrival, the AMR signals the factory staff for unloading.
8. After the PCBs are unloaded, the AMR returns to its charging station or awaits the next task.
Postconditions:
· The materials are successfully transported to the designated location.
· The AMR is ready for the next transportation task or is returned to its charging station.

The detailed KPI for the application:
	KPI ID
	Performance Indicator
	KPI Description
	Process, Measurement, Baseline
	Success Criteria

	KPI-1
	Enabling energy efficient AI algorithms
	Reinforcement Learning, Deep Reinforcement Learning methods will be developed in
	
	Enabling 10% energy efficiency compared to initial conditions in case applications

	KPI-2
	Autonomous drive with single charge
	Mobile robot expected to drive through retail stores without colliding human or objects
	
	> 6 hours

	KPI-3
	Object Recognition, AI Accuracy
	Mobile robot expected to recognise objects lined up in a shelf with Image Processing and AI algorithms

Accuracy in overall applications
	
	with a success of  greater than %75 (Koctas)

with a success of  greater than %85 (Nanosystems)

	KPI-4
	Autonomy
	operate independently of human operators
	
	>=10h



[bookmark: _heading=h.h7m2b3em50be][bookmark: _Toc193815337][bookmark: _heading=h.n2r19dodwq2l]3.2 Application Title: Portuguese Use case KPI
	KPI ID
	Performance Indicator
	KPI Description
	Process, Measurement, Baseline
	Success Criteria

	KPI-5
	Efficiency gain
	Increase the efficiency
 of the product configuration process       
	3 Hours average of the product configuration process 
	Increase efficiency by 50%

	KPI-6
	Revenue gain
	Increase in early revenue due to the implemented innovations
	Current revenue
	[bookmark: _heading=h.dxos7ypdpn77]Increase revenue by 5% when compared to the previous process (without AI / Optimization algorithms input)


[bookmark: _heading=h.urvj8nsp3xf0][bookmark: _heading=h.kzl27r7scgwz][bookmark: _heading=h.vvim905obi8i][bookmark: _heading=h.7jxsso235uz1]
[bookmark: _Toc193815338]3.3 Application Title: Spain Use Case
Description: In the steel plate manufacturing process, a worker oversees the production line where plates undergo cutting and bending. The AI-powered quality assurance system continuously monitors the steel plates for defects, such as cracks, incorrect bends, and surface imperfections, in real time. When the system detects a defect, it alerts the worker and provides detailed feedback on the location and type of defect. The worker then instructs the Autonomous Mobile Robots (AMRs) to retrieve the defective parts. The AMRs navigate the production environment to identify and pick up the flagged plates, avoiding any obstacles along the way. They then transport the defective parts to the appropriate rework or scrap station. Meanwhile, the AI system adjusts production parameters to prevent further defects. The entire process ensures high-quality production and minimizes material waste.
Preconditions:
· The AI-powered quality assurance system is trained and operational.
· The AMRs are fully charged and integrated with the production environment.
· The production lines are running, and the necessary machines (e.g., CNC machines, cutting stations) are functional.
Steps:
1. The worker initiates the AI-powered quality assurance system, ensuring all cameras and sensors are active.
2. The AI system begins capturing real-time images of the steel plates as they pass through the cutting and bending stations.
3. The system analyzes the images to detect defects such as cracks, incorrect bends, or dimensional inconsistencies.
4. If a defect is detected, the system alerts the worker and flags the defective part.
5. The worker directs the AMR to retrieve the defective part.
6. The AMR transports the part to the rework station or scrap area.
7. The AI system adjusts the cutting parameters to prevent further defects in subsequent parts.
8. The AMR updates the inventory status in the central system.
Postconditions:
· The defective parts are removed from the production line and recorded for analysis.
· Production parameters are adjusted to minimize the recurrence of defects.
· Inventory records are updated with the status of the processed materials.

The detailed KPI for the application:
	KPI ID
	Performance Indicator
	KPI Description
	Baseline Value
	Target Value

	KPI-13
	Defect Detection Accuracy
	[bookmark: _Hlk193102222]Measures the accuracy of the AI system in detecting cracks, incorrect bends, and surface defects in steel plates.
	Not specified (system to be tested initially)
	≥ 90% detection accuracy

	KPI-14
	Navigation Accuracy of AMRs
	Measures the ability of AMRs to navigate the production environment without collisions and correctly identify steel parts.
	Not specified (AMRs to be tested initially)
	≥ 95% navigation accuracy and ≥ 90% object recognition accuracy
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