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[bookmark: _Toc193751572]1. Introduction
EXPAI SmartIndustry project includes Smart Industry-related three use cases to realize XAI concepts. This document indicates its specific requirements of each use case and its application to introduce XAI framework.
This User Requirement Specification (URS) document outlines the functional and non-functional requirements for the IT development project. It serves as a guideline for the development team to ensure all user needs are addressed accurately and efficiently.
[bookmark: _Toc193751573]1.1 Purpose
The purpose of this document is to provide a comprehensive description of the user requirements for the EXPAI SmartIndustry project. It aims to ensure a shared understanding between stakeholders and the development team by clarifying each use case described in the FPP, thereby facilitating a successful project outcome.
[bookmark: _Toc193751574]1.2 Scope
The D2.1 document encompasses all the essential functionalities, performance criteria, and user expectations for the EXPAI SmartIndustry project. Furthermore, it will include inputs from WP3 design and development tasks. However, it does not cover the technical design and implementation details.
[bookmark: _Toc193751575]1.3 Definitions, Acronyms, and Abbreviations
UC - Use Case
Smart Factory - Transformed factory that uses digitalized technologies to improve efficiency and productivity. 
AMR - Automated Mobile Robots
GUI - Graphical User Interface
LiDAR - Light Detection and Ranging
ROS – Robot Operating Systems
[bookmark: _Toc193751576]1.4 References
List any documents, standards, or specifications referred to in this UC and requirements, such as company policies, industry standards, or compliance requirements.
[bookmark: _Toc193751577]2. Overall Description
This section gives an overview of the system to be developed, its goals, and its main functions. To understand technological advancements after the FPP, we have researched XAI state-of-the-art technologies for specific applications for the EXPAI project.
[bookmark: _Toc193751578]2.1 SotA Technologies
[bookmark: _Toc193751579]2.1.1 The SotA in AI-assisted manufacturing
AI Technologies in Manufacturing Processes
In recent years, the integration of AI technologies in manufacturing processes has revolutionized the industry, leading to significant improvements in efficiency, quality, and cost-effectiveness. Here are some key AI technologies currently being utilized in manufacturing:
1. Predictive Maintenance: AI-enabled predictive maintenance systems use machine learning algorithms to analyze data from sensors and equipment. This allows manufacturers to predict when a machine is likely to fail and schedule maintenance proactively, reducing downtime and maintenance costs.
2. Product Inspection: AI-powered inspection systems use computer vision and deep learning algorithms to detect defects and anomalies in products during the manufacturing process. This ensures higher quality control and reduces the likelihood of defective products reaching the market.
3. Anomaly Detection: AI-based anomaly detection systems monitor manufacturing processes in real-time to identify any deviations from the norm. These systems can quickly detect and address issues, preventing potential problems and ensuring smooth operations. Here are some specific cases of anomaly detection in manufacturing:
· Surface Defect Detection: AI algorithms can identify even the most subtle surface irregularities on products, ensuring high-quality standards and reducing waste.
· Equipment Malfunctions: By analyzing sensor data, AI can detect unusual patterns that may indicate equipment malfunctions, allowing for timely interventions and preventing costly failures.
· Process Inefficiencies: AI can monitor production processes to identify inefficiencies or deviations from optimal performance, enabling manufacturers to optimize their operations and improve productivity.
4. Autonomous Mobile Robots (AMRs): AMRs are transforming modern manufacturing by automating material handling, inventory management, and transportation within manufacturing facilities. These robots use advanced sensor technology, AI algorithms, and real-time data to navigate through dynamic environments, optimize paths, and avoid obstacles. Here are some specific applications of AMRs in manufacturing:
· Material Handling: AMRs can autonomously transport materials and components to different parts of the manufacturing facility, ensuring timely delivery and reducing manual labor.
· Inventory Management: By integrating with inventory management systems, AMRs can track and manage inventory levels, ensuring accurate stock counts and efficient replenishment.
· Smart Logistics: AMRs optimize the movement of goods within warehouses and distribution centers, improving operational efficiency and enhancing safety by reducing the need for manual labor in hazardous tasks.
5. Smart Manufacturing: AI technologies enable smart manufacturing by optimizing production processes, improving supply chain management, and enhancing decision-making. This leads to increased productivity, reduced waste, and better resource utilization.
By incorporating these AI technologies, manufacturers can achieve greater efficiency, higher quality products, and significant cost savings. The adoption of AI in manufacturing is a crucial step towards creating a more sustainable and competitive industry.
[bookmark: _Toc193751580]2.1.2 XAI techniques for vision applications
Explainable AI (XAI) techniques in computer vision aim to make AI models' decisions more transparent and understandable to humans. Here are some key techniques used in this field:
1. Saliency Maps:
· Saliency maps highlight the regions in an image that are most influential in the model's decision-making process. By visualizing these areas, users can understand which parts of the image the model considers important.
2. Class Activation Mapping (CAM):
· CAM techniques involve generating heatmaps that indicate the importance of different regions in an image for predicting a specific class. This helps in understanding which parts of the image contribute most to the classification result.
3. Layer-wise Relevance Propagation (LRP):
· LRP is a technique that backpropagates the prediction score through the network layers to determine the contribution of each pixel to the final decision. This provides a pixel-level explanation of the model's output.
4. Grad-CAM (Gradient-weighted Class Activation Mapping):
· Grad-CAM extends the CAM approach by using the gradients of the target class flowing into the final convolutional layer to produce a coarse localization map, highlighting important regions in an image.
	Differences and Similarities among XAI techniques for computer vision:

	· Efficiency: CAM and Grad-CAM are generally more efficient for CNNs due to their reliance on gradients and specific architectural features. LRP is efficient for neural networks but requires propagation rule tuning. SHAP and LIME tend to be more computationally intensive due to their model-agnostic nature and reliance on perturbations or feature combinations.
· Applicability: Grad-CAM is versatile across CNN architectures, while CAM is limited to specific structures. LRP is adaptable across various neural networks. SHAP and LIME are model-agnostic, making them applicable to a wide range of models but potentially at the cost of efficiency.
· Granularity: LRP provides detailed pixel-level insights, while Grad-CAM and CAM offer region-based explanations. SHAP and LIME provide feature-level explanations, with SHAP offering both local and global insights.



5. SHAP (SHapley Additive exPlanations):
· SHAP values are used to explain the output of machine learning models by assigning each feature an importance value for a particular prediction. In computer vision, SHAP values can help in understanding feature contributions at the pixel level.
6. LIME (Local Interpretable Model-agnostic Explanations):
· LIME approximates the model locally with an interpretable model, such as a linear model, to explain individual predictions. In computer vision, LIME can perturb an image and observe how changes affect the prediction to understand the model's behavior.
These techniques collectively enhance the interpretability of AI models in computer vision, allowing users to trust and effectively utilize AI systems across various applications. However, the choice of each Explainable AI (XAI) technique may depend on the specific characteristics of a smart manufacturing application. Below is a brief explanation of the performance of XAI techniques.
1. CAM (Class Activation Mapping)
Performance Characteristics:
Specifically designed for CNNs (Convolutional Neural Networks) with global average pooling layers.
Efficient in generating class-specific heatmaps by using the weights of the final fully connected layer.
Limited to specific architectures and requires modification of the network structure to include global average pooling.
2. LRP (Layer-wise Relevance Propagation)
Performance Characteristics:
Provides pixel-level explanations by propagating the prediction score backward through the network.
Computationally efficient for neural networks and can be applied to a variety of architectures.
Offers detailed insights into how each part of the input contributes to the prediction, but may require careful tuning of propagation rules.
3. Grad-CAM (Gradient-weighted Class Activation Mapping)
Performance Characteristics:
Extends CAM to work with a wider range of CNN architectures without the need for global average pooling.
Utilizes gradients to produce coarse localization maps, highlighting important regions in the input.
Efficient and widely applicable, though it provides less fine-grained explanations compared to pixel-level methods.
4. SHAP (SHapley Additive exPlanations)
Performance Characteristics:
Based on Shapley values from cooperative game theory, offering consistent and locally accurate explanations.
Computationally intensive due to the need to evaluate numerous feature combinations, especially for complex models.
Provides both local and global interpretability, making it versatile but potentially slow for large datasets.
5. LIME (Local Interpretable Model-agnostic Explanations)
Performance Characteristics:
Model-agnostic approach that approximates the model locally with interpretable models like linear regressors.
Can be computationally expensive due to the need to generate perturbed samples and fit multiple simpler models.
Offers high fidelity for local explanations but may not scale well for large datasets or complex models.
Each technique has its strengths and trade-offs, and the choice of method often depends on the specific requirements of the task, such as the model architecture, the need for interpretability, and computational resources.
The EXPAI project will decide which XAI techniques are the best candidates of smart manufacturing applications, we will implement these into the XAI Framework.

[bookmark: _Toc193751581]2.2 Country perspective for AI-assisted manufacturing
S. Korea Product Perspective
In alignment with the Spanish consortium perspective, we are also integrating AI technologies into AMR navigation for material handling in smart manufacturing facilities. Additionally, we will incorporate machine interoperability functions with manufacturing equipment to enhance productivity by increasing speed and reducing connection time with production machines. The AMRs equipped with 3D LiDAR sensors will provide reliable methods for detecting and recognizing objects in hazardous areas.
Portuguese Product Perspective
The Intelligent Enhancement in Carbon Brush Design use case integrates advanced artificial intelligence (AI) techniques, including retopology scanning and procedural modeling, to streamline and enhance the design process of carbon brushes. By using 3D scans, the system captures details regarding geometry, wear patterns, and specific characteristics. AI-driven analysis and procedural modeling help refine the existing workflow, optimizing the design process.
The intended solution will enhance the optimization process of existing 3D polygon geometry by using AI-based methodologies, including retopology scanning and procedural modeling. By refining and restructuring scanned carbon brush models, the system will provide optimized geometric accuracy, enhance mesh efficiency for real-time engines, and enable precise design modifications.
Spanish Product Perspective
The application of AI technologies in manufacturing has significantly transformed industrial processes, enabling greater precision, efficiency, and automation in operations. In the context of smart factories, AI is primarily used for real-time analysis of data from industrial sensors and cameras, optimizing cutting, bending, and assembly processes through pattern recognition and defect detection. The combination of computer vision algorithms with deep learning models allows microdefects, dimensional anomalies, and bending errors to be identified with high precision, resulting in a significant reduction in waste and improved final product quality.
In the Spanish use case, AI empowers smart manufacturing through the integration of Autonomous Mobile Robots (AMRs) equipped with 3D LiDAR sensors and object recognition models. These AMRs facilitate material handling and assembly line support, interacting autonomously with other machines and adjusting their navigation based on the production environment. The implementation of these AI solutions not only improves defect detection and reduces material waste, but also optimizes operational safety, reduces downtime, and increases efficiency in inventory management and material transportation within the plant.

[bookmark: _Toc193751582]2.3 Product Functions
Product functions in system requirements are the essential features and capabilities that a system must provide to meet user expectations and operational needs. In smart manufacturing solutions, these functions are crucial for ensuring that AI systems can interoperate with production machines while adhering to safety measures.
S. Korea Product Perspective
In South Korea, the implementation of object avoidance in Autonomous Mobile Robots (AMRs) requires the development of both software and hardware to meet specific objectives. To accomplish these goals, it is essential to design and develop hardware and software that support the following:
· Autonomous Navigation: The ability of AMRs to navigate autonomously within manufacturing facilities, avoiding obstacles and optimizing routes for efficiency.
· Map Creation: SLAM is extensively used in mobile robots, and the controller must support both the creation and updating of SLAM maps.
· Object Detection and Recognition: Utilizing sensors like 3D LiDAR to reliably detect and recognize objects in the environment, especially in hazardous areas, to ensure safety and operational effectiveness.
· Explainability: This is a crucial feature for the EXPAI project. We will utilize it to interpret recognition decisions and to internally explain the model's decisions.
· Interoperability: Seamless integration and communication with existing manufacturing equipment and systems to facilitate smooth operations and data exchange.
· Real-time Data Processing: The capability to process data in real time for immediate decision-making and adjustments in operations.
· Scalability: The system's ability to handle increased loads or expand its capabilities without compromising performance.
· ROS supports: In the development of Autonomous Mobile Robots (AMRs), the Robot Operating System (ROS) plays a crucial role by providing a flexible framework for writing robot software. These features make ROS an indispensable tool in the development of AMRs, offering the flexibility and resources needed to build robust and efficient robotic systems.
· Energy Efficiency: Optimize energy consumption during operations to reduce costs and minimize environmental impact. To enhance efficiency, we will implement optimized path planning and minimize energy usage during idle periods.
· Security: Ensuring data security and system integrity against unauthorized access or cyber threats.
These functions are designed to enhance productivity, safety, and efficiency in AI-assisted manufacturing environments.
Portuguese Product Perspective
The Portuguese use case provides the following key functionalities:
· 3D Scanning and Retopology Processing: Acquires high-resolution scans of carbon brushes and refines them for efficient computational analysis.
· Procedural Modeling for Optimization: Enhances the representation of carbon brush components and supports rule-based design improvements.
· Automated Design Adjustments: Suggests improvements to carbon brush designs based on AI-driven insights.
· Performance Validation: Compares AI-optimized carbon brushes with traditional designs through practical testing.
· User-Friendly Interface: Enables design engineers to interact with and implement AI-driven design suggestions seamlessly.
Spanish Product Perspective
The system will provide advanced AI-based quality assurance capabilities for steel plate cutting and bending processes. Key features will include real-time image processing using high-speed industrial cameras, automated defect detection (such as cracks, misbends, and dimensional variations) using computer vision algorithms, and automatic adjustment of machine parameters to minimize future defects. Additionally, Autonomous Mobile Robots (AMRs) will enable efficient material handling, automated transport between workstations, and real-time inventory management. The system will also include a reporting module to provide detailed data on production performance, defect rates, and operational efficiency.

[bookmark: _Toc193751583]2.4 User Characteristics
In the context of this project, "user characteristics" refer to the attributes and needs of the individuals or entities that will interact with the XAI implemented manufacturing systems. Understanding these characteristics is crucial for designing systems that are user-friendly, effective, and aligned with user expectations.
Describe the user groups who will interact with the system, including their roles, responsibilities, expertise levels, and expected usage frequency.
By analyzing these user characteristics, the project can better tailor the AI-assisted manufacturing systems to meet the actual needs and preferences of its users, thereby enhancing overall satisfaction and effectiveness.
S. Korea Product Perspective
Our primary users are mobile robot solution integrators. End users, such as manufacturers, have distinct perspectives on the product. Here’s a breakdown of the roles involved:
· Technical Engineers of Mobile Robot Manufacturers: These professionals develop mobile robots tailored to specific applications. They select sensors based on safety regulations and the complexity of the processes involved.
· Factory Managers: Their role involves overseeing and maintaining the safety systems in place. They focus on boosting productivity while ensuring a safe working environment.
· Factory Owners: They are tasked with the installation of safety equipment and sensors. Additionally, they must hire and assign safety personnel to adhere to safety regulations.
· Operators: These individuals are responsible for the day-to-day operation of mobile robots. They continuously monitor Autonomous Mobile Robots (AMRs) and report any malfunctions.
Portuguese Product Perspective
The primary users for the Portuguese use case system include:
· Clients: Edgar Praça will exploit the developed system within its client base that are interested in the product configuration and characteristics.
· Design Engineers: Utilize the AI-driven tool for carbon brush design improvements.
· Production Managers: Ensure the integration of AI-optimized designs in the manufacturing process.
· Data Scientists: Develop and refine AI models for pattern recognition and predictive analysis
Spanish Product Perspective
Users who will interact with the system include:
· Machine Operators: These will be responsible for monitoring cutting and bending operations and interpreting system alerts regarding defects or production errors. They will have a medium-to-high level of technical experience. Quality Control Personnel: They will review the data generated by the system to ensure quality standards are met. These users will have experience interpreting technical data and quality metrics.
· Maintenance Technicians: They will be responsible for the calibration and maintenance of industrial cameras, AMRs, and AI algorithms. Their interaction will be less frequent but will require advanced knowledge of automation and AI systems.
· Production Managers: They will have access to reports and performance metrics to make strategic decisions about production and operations.

[bookmark: _Toc193751584]2.5 Constraints
List any constraints that will affect the development and deployment of the system, such as regulatory requirements, hardware limitations, or dependencies on other projects.
S. Korea Product Perspective
In the context of the AMR project, several constraints need to be considered to ensure successful implementation and operation. These constraints include:
· Integration with Lagacy Systems:
· AGV Compatibility: Autonomous Mobile Robots (AMRs) must be compatible with existing Automated Guided Vehicles (AGVs) and other legacy systems. This requires careful planning to ensure seamless interoperability and data exchange between new and old technologies.
· Infrastructure Limitations: Existing factory infrastructure may not be optimized for AMRs, which could necessitate modifications or upgrades to accommodate new navigation and communication technologies.
· Environmental Challenges:
· Complex Layouts: Factories often have complex and dynamic layouts with narrow aisles, variable lighting conditions, and cluttered environments, which can pose significant challenges for AMR navigation and object detection.
· Interference and Obstructions: The presence of moving machinery, human workers, and temporary obstructions can interfere with the sensors and navigation systems of AMRs, requiring robust algorithms to handle such dynamic conditions.
· Safety and Compliance:
· Regulatory Compliance: AMRs must adhere to stringent safety regulations and standards, which may vary across regions. Ensuring compliance can be a complex and resource-intensive process.
Collision Avoidance: Ensuring safe operation in environments with human workers and other machinery is critical, necessitating advanced sensor systems and real-time processing capabilities.
Portuguese Product Perspective
The Portuguese use case must address the following constraints:
· Hardware Limitations: High-resolution 3D scans require powerful computational resources for processing.
· Regulatory Compliance: The AI-enhanced design modifications must adhere to industry standards for electrical and mechanical components.
· Integration with Existing Systems: The AI-based system must integrate with current manufacturing workflows, geometry, materials and CAD tools.
· Data Availability: Effective machine learning models require a large dataset regarding possible design variations.
Spanish Product Perspective
The development and deployment of the system will be subject to the following constraints:
· Regulatory: The system must comply with industrial safety and quality regulations in the steel manufacturing sector.
· Hardware Limitations: The integration of AMRs and industrial cameras will be limited by the processing and connectivity capabilities of the existing infrastructure.
· Physical Space: AMR navigation paths will be determined by the plant layout and the location of workstations.
· Network Latency: Low latency in data transmission will be critical to ensure real-time defect detection and immediate response from AMRs.

[bookmark: _Toc193751585]2.6 Assumptions and Dependencies
State any assumptions made during the requirement gathering process and identify dependencies on other systems, projects, or third-party services.
S. Korea Product Perspective
We assume that the slope of the factory floor must not exceed 0.5 degrees, and there should be no obstacles taller than 3 cm. The XAI techniques are designed to explain decisions made during navigation under normal conditions. However, when objects are detected and recognized as obstacles to be avoided, the system might not provide explanations using XAI. The overall performance is dependent on the computing power of the AMR systems, so we assume that the installed controller is like the one designed.
Portuguese Product Perspective
· It is assumed that the system will have access to high-quality 3D scans of carbon brushes.
· AI-driven design optimizations depend on the accuracy of retopology and procedural modeling techniques.
· The effectiveness of predictive modeling relies on historical performance data for carbon brushes.
· Successful implementation requires collaboration between AI developers, manufacturing engineers, and design teams.
Spanish Product Perspective
· Assumptions: It is assumed that the production environment will be equipped with the necessary infrastructure to support high-speed industrial cameras and AMR navigation. It is also assumed that operators will be adequately trained to interpret data and respond to system alerts.
· Dependencies: System performance will depend on the availability and stability of the local network to ensure real-time synchronization between the AI ​​system, AMRs, and CNC machines. Furthermore, the system will require periodic updates of the AI ​​models to maintain defect detection accuracy.
[bookmark: _Toc193751586]3. Use Case Approach
This section details the specific functionalities the system must provide through various use cases.
[bookmark: _Toc193751587]3.1 Use Case 1: Object avoidance for the AMR (Korea)
Actors:
· AMR
· Worker
· Manager
· Monitoring systems
Description: This use case describes AMR navigation for material handling in a manufacturing workplace.
Preconditions:
· The AMR has an installed SLAM map for navigation and moves along a pre-registered path.
· The AMR is set to detect objects.
Steps:
· The AMR navigates the path.
· The lidar sensor detects objects.
· Control software sends requests to AI models to recognize the object.
· AI model sends "explain of reasoning" to the XAI Framework.
· Control software assesses the recognized object on a risk table.
· Control software commands "STOP" or "SLOW DOWN" based on risk level.
· Control software issues a "TURN" command to avoid objects.
Postconditions: The AMR records object locations with recognition details and timestamps.
[bookmark: _Toc193751588]Sample Use Case Diagram
[image: A diagram of a software system
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1. If a defect is detected, the system flags the issue and sends a command to the AMR.
2. The AMR retrieves the defective part and transports it to the rework station or scrap area.
3. The AI system continuously adjusts cutting parameters to prevent recurring defects.
4. The AMR updates the inventory status in the central system.
Postconditions: 
· Defective parts are removed and recorded for analysis.
· Production line parameters are adjusted to minimize future defects.
· Inventory records are updated, and operational data is logged for future reference.
[bookmark: _Toc193751589]3.2 Use Case 2: Automatic Retopology and Parametric Configuration (Portugal)
Actors: Company Operators
Description: This use case describes the workflow from the 3D data scan capture to the real-time parametric configuration of the product parts.
Preconditions: The user must be logged into the system and have the necessary permissions.
Steps:
1. User imports high poly mesh to the system.
2. System generates low poly mesh optimized for real-time rendering and with correct edge flow for shape parametrization.
3. 3D model is available in multi-platform format and can be added to configuration interface.
4. User can edit parametric fields in 3D visualization mode to store product part configuration in database.
Postconditions: The data is successfully saved and can be accessed for reporting.
[bookmark: _heading=h.1ksv4uv][bookmark: _Toc193751590]Sample Use Case Diagram
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[bookmark: _Toc193751591]3.3 Use Case 3: AI-Powered Quality Assurance in Steel Plate Folding and Cutting with AMR Integration (Spain)
Actors: Machine Operators, Quality Control Staff and Autonomous Mobile Robots (AMRs).
Description: This use case describes the process of AI-powered quality assurance in steel plate folding and cutting, from real-time defect detection to automated material handling using AMRs. High-speed industrial cameras and computer vision algorithms analyze the cutting and bending process, identifying edge anomalies, cracks, incorrect bends, and dimensional variations. AMRs are integrated to transport materials between workstations, synchronize with other machines, and manage inventory based on the AI's defect detection results.
Preconditions: 
· The AI-powered quality assurance system is fully trained and calibrated.
· AMRs are charged and connected to the central control system.
· Production lines and CNC machines are operational.
Steps:
1. High-speed cameras capture real-time images of the steel cutting and bending process.
2. AI algorithms analyze the images, detecting defects and dimensional inconsistencies.
3. If a defect is detected, the system flags the issue and sends a command to the AMR.
4. The AMR retrieves the defective part and transports it to the rework station or scrap area.
5. The AI system continuously adjusts cutting parameters to prevent recurring defects.
6. The AMR updates the inventory status in the central system.
Postconditions: 
· Defective parts are removed and recorded for analysis.
· Production line parameters are adjusted to minimize future defects.
· Inventory records are updated, and operational data is logged for future reference.
[bookmark: _Toc193751592]4. Non-Functional Requirements
Describe the non-functional requirements such as system performance, reliability, and usability.
[bookmark: _Toc193751593]4.1 Performance
Performance is a crucial component of user requirements, and we have included quantitative KPIs in the proposal to address this. In the context of smart manufacturing solutions, performance is measured by the time and accuracy required to accomplish specific activities. Detailed performance targets for each application will be outlined in the D2.2 deliverable. This section will guide you on how to establish criteria and determine your target performance.
Specify the performance criteria the system must meet, including response times and processing speeds.
S. Korea Product Perspective
· Moving Time to the Target Position: The time it takes to move to a target position is influenced by factors such as moving speed, obstacle avoidance, and route optimization. This time serves as a comprehensive indicator of the performance of Autonomous Mobile Robots (AMRs). To establish a target value, we consider benchmarks set by competitors or leading global AMR manufacturers.
· Docking accuracy: It refers to the precision with which an Autonomous Mobile Robot (AMR) can align and position itself at a designated docking station or target location. This performance metric is crucial in applications where AMRs are required to interact with other machinery, systems, or stations for tasks such as loading, unloading, charging, or data exchange. 
· The accuracy and time of object recognition are influenced by the performance of sensors and AI models. The effectiveness of a sensor is contingent on its distance range and field of view (FOV). For the intended application of Autonomous Mobile Robots (AMR), the distance range is generally less than 20 meters, with a horizontal FOV of approximately 90 degrees. We have established target values based on these conditions.
Portuguese Product Perspective
Specify the performance criteria the system must meet, including response times and processing speeds.
· Efficient 3D Processing: The AI-driven retopology process should optimize the 3D polygon geometry of carbon brush scans without significant loss of detail.
· Real-Time Analysis: Computer vision and AI models must analyze design patterns and suggest design optimizations within a reasonable timeframe to support rapid prototyping.
· Scalability: The system should handle large-scale datasets and high-resolution 3D scans while maintaining performance.
· Procedural Modeling Efficiency: The rule-based procedural modeling process should generate design variations quickly without excessive computational overhead.
Spanish Product Perspective
· The AI ​​system must process high-resolution images at high speed to ensure real-time defect detection.
· Defect classification must be performed with low latency to allow immediate adjustments to production parameters.
· The system must be able to automatically adjust cutting and bending parameters based on the defect detection results.

[bookmark: _Toc193751594]4.2 Reliability
The primary objective of the EXPAI project is to develop an AI solution that is both trustworthy and reliable. While reliability is categorized as a non-functional requirement, it is of paramount importance for this project. In the previous section, we presented performance indicators that quantified a reliable solution. In this section, we will delve into the reliability of the solution, specifically focusing on the AMR itself.
State the expected reliability metrics, such as uptime and mean time between failures (MTBF).
S. Korea Product Perspective
We have described reliability in terms of performance. Another critical aspect of reliable Autonomous Mobile Robots (AMRs) is their uptime and stable operation in transporting materials within factory environments. In our proposal, we have set the AMR uptime at 8 hours of operation. Additionally, the maximum load capacity is under 100 kg, which meets the requirements of potential clients.
Portuguese Product Perspective
State the expected reliability metrics, such as uptime and mean time between failures (MTBF).
· Accuracy in Polygon Geometry Detection: AI models should have a high precision rate in identifying polygon geometry patterns in carbon brushes.
· Robust Data Processing: The preprocessing algorithms must effectively filter noise and imperfections from 3D scans to ensure high-quality analysis.
· System Stability: The AI-driven design tool should function without unexpected failures or crashes, even under heavy computational loads.
Spanish Product Perspective
· The AI ​​model must achieve high accuracy in detecting defects, including cracks, incorrect bending, and dimensional variations.
· AMRs must operate with high accuracy in navigation and object recognition to prevent errors and ensure efficient material handling.
· The system must be fault-tolerant and automatically redistribute the workload if one or more AMRs are out of service.

[bookmark: _Toc193751595]4.3 Usability
In the context of manufacturing systems like Autonomous Mobile Robots (AMRs), "Usability" refers to how effectively and efficiently users can interact with the AMR system to achieve their goals. When proposing usability for AMRs, several key aspects should be considered to ensure the system is user-friendly and meets the needs of its users.
Describe the usability requirements, including user training, documentation, and support needs.
S. Korea Product Perspective
· User Interface Design: Design interfaces that are easy to understand and use, minimizing the learning curve for operators and technicians.
· Ease of Operation: Implement straightforward command structures for operating the AMR, allowing users to select their command and tasks with minimal steps.
· Accessibility: The design features large buttons, allowing workers to easily operate them even while wearing gloves.
· By addressing these aspects, the usability of AMRs can be significantly enhanced, leading to increased user satisfaction, reduced operational errors, and more efficient use of robotic systems in manufacturing environments.
Portuguese Product Perspective
To ensure user-friendly operation, the system must include:
· Intuitive Interface: A graphical interface that allows clients and design engineers to interact with AI-generated insights effortlessly.
· Minimal Training Requirement: The system should be designed to require minimal user training for engineers and quality control specialists.
· Clear Visualization: AI-driven modifications and procedural modeling results must be displayed in 3D real-time environment.
· Seamless Integration: The solution should work with existing geometry, materials, CAD tools and design workflows without requiring significant process changes.
Spanish Product Perspective
· The user interface should be intuitive, allowing operators to easily identify and address defects.
· The system should allow for a rapid learning curve for operators through simple and straightforward training.
· The interface should be accessible in multiple languages, including Spanish and English.

[bookmark: _Toc193751596]4.4 Maintenance
Detail the maintenance requirements, including frequency of updates and support for software/hardware upgrades.
S. Korea Product Perspective
The AMR consists of various electrical and mechanical components that require regular maintenance. The lifespan of the AMR battery depends on the operation time and the number of recharging cycles. Additionally, other mechanical components need to be replaced after their designated usage period.
Portuguese Product Perspective
Detail the maintenance requirements, including frequency of updates and support for software/hardware upgrades.
· Model Updates: AI models should be periodically retrained with new data to improve prediction accuracy and adapt to evolving manufacturing needs.
· Software Compatibility: Regular updates must ensure compatibility with new 3D scanning and design tools.
· Automated System Monitoring: Logging mechanisms should be in place to detect and report processing errors or performance issues.
· Scalability for Future Enhancements: The system should allow for future expansion, including additional AI functionalities and integration with new manufacturing technologies.
Spanish Product Perspective
· The system must allow remote software updates without significantly impacting production.
· Diagnostic tools must be incorporated to efficiently identify and resolve defect detection and AMR navigation issues.
· The AI ​​model must support continuous recalibration and training to adapt to new defects and material variations
[bookmark: _Toc193751597]4.5 Portability
Specify any requirements for system portability, such as compatibility with different operating systems and hardware platforms.
S. Korea Product Perspective
In the context of Autonomous Mobile Robots (AMR), dedicated robotic platforms like ROS 1 or ROS 2 are often used. These platforms enable AMRs to exchange data using ROS-based publishers. However, once the AMR is installed for the user, any changes or modifications to the software are not permitted due to security and safety concerns.
Portuguese Product Perspective
· Cross-Platform Compatibility: The solution should run on various operating systems and support cloud-based deployment if required.
· Interoperability with CAD Software: The AI-generated designs should be exportable in standard 3D formats (e.g., STL, FBX, OBJ, STEP) to ensure compatibility with various CAD applications.
· Hardware Adaptability: The system should be optimized to function efficiently on both high-performance workstations and cloud computing environments.
· Scalable Deployment: The solution should be deployable in both local factory environments and distributed manufacturing systems.
Spanish Product Perspective
· The AI ​​system and AMRs should integrate with existing cutting and bending machines without requiring major hardware modifications.
· The system should be easily deployable across different production plants with minimal configuration adjustments.
· Inspection results and defect logs should be exportable in standard formats for analysis and reporting.
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