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[bookmark: _Toc239264326]1. Background, Industrial Context and Project Rationale
Tata Steel uses advanced manufacturing processes where steel coils pass through multiple production stages. Accurately identifying and recording quality information is essential for efficient operations and tracking materials.
The GS1 Global Traceability Standard [1] states that accurate product identification and data capture are essential to effective traceability. Barcode technology offers a practical link between physical material and digital information [1], [2], and Industry 4.0 has made the integration of physical products with manufacturing information systems more important [3].
In the project areas, pit crew members identify coils and check their quality to make sure the material can move forward in production. Currently, they use paper records and different systems for various tasks. These manual processes make it harder to access information digitally and to quickly connect a coil with its quality records. Improving this is important as the company works to enhance material traceability.
This project will look at designing and building a mobile barcode scanning system for pit crew members to use during their work. Operators will scan a coil's barcode, find the matching material in Tata Steel's data, and answer quality questions for that coil and process. Their responses will be saved digitally with the coil. The system will also help with tasks like coil loading and Layered Process Audits, cutting down on paper records and separate systems.
For the project to succeed, it needs to work well technically and be accepted by users. The Technology Acceptance Model says that people are more likely to use new technology if they find it useful and easy to use [12], and recent research in Industry 4.0 supports this [4]. The system should be quick, reliable, and simple. The project will check both how well it works and how users feel about it, aiming to improve quality data collection and coil traceability without adding extra work for pit crew members.
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[bookmark: _Toc239264328]2.1 Digital Traceability in Manufacturing
Traceability is now a key part of modern manufacturing, as companies want better visibility of materials, production steps, and quality data. Computerised systems have made it possible to link physical products directly to digital records during production [3].
Schuitemaker and Xu describe product traceability as an important element of Industry 4.0, providing improved visibility of production processes and greater control over quality and production inefficiencies [3]. Their review highlights that effective traceability systems are not isolated applications but interact with several layers of manufacturing information systems. This is directly relevant to the proposed project because the scanner must not simply recognise a barcode; it must use the identifier to locate the correct coil and associate subsequent quality and operational information with it.
Reinhardt et al. also pointed out that machine-readable codes and RFID are common ways to track items and link manufacturing data to each product [5]. Their research shows that how data is collected, its quality, and the cost of managing it are all connected. Schlemitz and Mezhuyev's review adds that good data collection and standardised processes are important for digital manufacturing [13]. Overall, just collecting more data does not guarantee better traceability; the information needs to be accurate, relevant, and gathered at the right time in production.
Industrial standards provide a similar perspective. The GS1 Global Traceability Standard describes traceability through identifiable events and associated data concerning what object is involved, where an event occurs and when it occurs [1]. GS1 guidance further identifies Critical Tracking Events and Key Data Elements as fundamental elements of traceability systems [6]. Scanning a coil can therefore create a traceability event through which its identity, production activity, location and time are connected digitally.
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Barcodes are still widely used for automatic identification, even though there are alternatives like RFID and Internet of Things technologies. Barcodes offer a simple way to connect physical items with digital IDs, and GS1 describes them as data carriers that let you capture identification information automatically [2], [7].
Mobile technology makes it possible to access this information right where the work happens. Bottani et al. studied how smartphones and mixed-reality tools work in a manufacturing setting [8]. Operators liked both, but they found the smartphone app easier to use. This supports using mobile interfaces on the shop floor but also shows that how easy the technology is to use is still very important.
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The move to connected manufacturing and better links between physical production and digital data is known as Industry 4.0. In quality management, this shift is often called Quality 4.0 [9].
Ranjith Kumar, Ganesh, and Rajendran say that people, processes, and technology are the three main parts of Quality 4.0 [9]. This matters for the project because just building the technology is not enough. The scanner needs to fit into current production processes and be practical for the operators who will use it.
Recent research also demonstrates the potential for digital systems to support data-driven quality management. Filz, Bosse and Herrmann propose a digitalisation platform for quality management within multi-stage manufacturing systems, demonstrating how production and quality information can be integrated to support analysis and decision-making [14]. This is particularly relevant to steel coils travelling through multiple production stages, where maintaining a connection between individual material and its quality information is important.
However, going digital should not just mean copying paper forms onto a screen. The workflow should use existing information and keep extra steps for operators to a minimum.
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Layered Process Audits provide a structured method of verifying whether important manufacturing processes and standards are consistently followed. The Automotive Industry Action Group's CQI-8 guideline emphasises process-specific audit questions, recording findings and measuring audit effectiveness [10].
Academic research also supports the use of LPAs within manufacturing quality control. Raja, Syafrina and Tarigan investigated the effectiveness of Layered Process Audits within an industrial quality-control environment and reported positive effects from their implementation [15]. Combining this evidence with AIAG guidance supports the inclusion of LPAs within the proposed system.
Digitally integrating LPAs into the scanner could allow the operator, production unit, audit questions and findings to be recorded through the same platform used for coil operations, reducing reliance on separate paper documentation and improving the availability of audit results.
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Technology acceptance research provides an important theoretical basis for the proposed system. Davis' Technology Acceptance Model identifies perceived usefulness and perceived ease of use as fundamental determinants of user acceptance [12]. More recent evidence demonstrates that these factors remain relevant to Industry 4.0. A systematic review and meta-analysis of 47 studies found significant positive relationships between perceived usefulness, perceived ease of use and behavioural intention to adopt Industry 4.0 technologies [4].
This is important because pit crew members already have set ways of working. If a digital system adds extra steps, is slow, or is hard to use, it could make things less efficient. Bottani et al.'s research also shows that operators prefer mobile interfaces that are easy to understand, highlighting how important usability is in manufacturing [8].
The literature therefore indicates that successful manufacturing digitalisation requires more than converting existing records into digital form. Effective implementation requires accurate identification and data capture [5], integration with manufacturing information [3], appropriate quality-management principles [9], [14], and technology that operators perceive as useful and straightforward to use [4], [12]. These principles will inform the design and evaluation of the proposed Tata Steel mobile scanning system.
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This project aims to create and test a user-friendly mobile barcode scanning system that makes workflows more efficient, improves quality data collection, and helps track materials at Tata Steel. The system will cut down on extra steps for operators, letting pit crew members identify coils, do quality checks, and record results digitally as they work.
The solution should make the current process better, not just swap paper for digital forms. It will reduce extra steps for operators, pull in existing information automatically when possible, and offer an interface that fits regular pit crew tasks.
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To achieve the project aim, the following objectives have been established:
1. Analyse the existing process for coil identification, quality checks, coil loading and LPAs to identify opportunities to improve efficiency and traceability.
2. Gather system requirements through consultation with pit crew members and relevant stakeholders, considering functional, technical and usability requirements.
3. Design a mobile scanning interface that allows operators to scan a coil, retrieve associated information and access the quality checks relevant to its production unit.
4. Develop and integrate the system with appropriate existing Tata Steel data sources to retrieve coil information and digitally record completed checks.
5. Implement additional operational functions, including coil loading and LPAs within the same mobile platform.
6. Test system reliability and performance, including barcode recognition, database communication, data validation and response times.
7. Evaluate workflow efficiency by measuring the time required to scan a coil and complete its quality checks, comparing this with the existing process where possible.
8. Evaluate usability and operator acceptance through feedback from intended users.
9. Evaluate the completed implementation against the defined success criteria and identify opportunities for further development and wider deployment.
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The project will be considered technically successful if the system can reliably scan and identify a coil, retrieve the correct information and quality questions, and record completed checks against the appropriate coil within existing Tata Steel information systems.
Operational success will be assessed through reduced manual interaction and the time required to complete quality checks compared with the existing process where suitable comparison data is available. Recorded activities must also be accurately associated with the correct coil and production unit.
Usability will provide a further measure of success. Feedback from pit crew members will determine whether the interface is understandable, practical and efficient during normal production activities. Technical functionality alone will therefore not constitute success if the system introduces unnecessary additional work for its intended users.
3.4 Minimum Viable Project
The Minimum Viable Project (MVP) will be a functional mobile application capable of scanning a valid coil barcode, identifying the corresponding coil within an existing Tata Steel data source, displaying the appropriate quality questions and digitally recording the operator's responses against that coil.
This represents the minimum implementation required to demonstrate the technical viability of the concept. Additional functionality, including LPAs, coil loading, reporting, photographic evidence and expansion across multiple production units, will extend the system where development time and resources permit.
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The project will use an iterative development approach, designing, building, testing, and improving the system in several cycles. This makes sense because the system needs to work well technically and fit the needs of pit crew members. Each part can be tested and improved as the project goes on, instead of waiting until everything is finished.
First, the current process will be reviewed by talking with pit crew members and other stakeholders. This will show how coil quality checks, coil loading, and LPAs are done now, and help spot any delays, repeated tasks, or extra manual work. Requirements will be sorted into functional ones, like barcode scanning and recording responses, and non-functional ones, like usability, reliability, speed, and how well the system fits the industrial setting.
User feedback will be gathered throughout development. This will help spot interface and workflow problems early and keep the project focused on what operators need.
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The proposed system will use a mobile device to scan existing coil barcodes. The captured identifier will be used to locate the corresponding coil within existing Tata Steel information systems and determine the production information and quality questions relevant to that operation.
The main design goal is to cut down on manual data entry by automatically pulling in existing information whenever possible. This lowers the amount of work for operators and reduces the risk of linking information to the wrong coil.
Core functionality will include coil identification and quality checks, with the wider implementation incorporating coil loading, LPAs and, where required, photographic evidence. Completed activities will be digitally associated with the coil identifier and relevant operational information for subsequent traceability and reporting.
The scanner will integrate with existing Tata Steel data sources rather than creating an isolated duplicate of production information. Validation will ensure that scanned identifiers represent recognised coils and that required responses are completed before records are submitted.
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The interface will be built for frequent use in a busy production setting. It will have as few screens and steps as possible, and give clear feedback for successful scans, submissions, and errors.
The intended core workflow is:
Scan coil → Validate coil → Retrieve relevant data → Display required quality checks → Complete checks → Validate responses → Record results
Starting with the physical coil means operators do not have to go through lots of menus to find the material. The scanned barcode will decide what information and checks appear.
Prototype interfaces will be shown to users and improved based on their feedback, focusing on removing extra steps, making error messages clear, and speeding up common tasks. This matches the focus on usefulness and ease of use found in technology acceptance research [12].
[bookmark: _Toc239264341]4.4 Testing and Data Collection
Testing will occur throughout development. Functional testing will assess barcode capture, coil identification, retrieval of quality questions, response validation and database submission. Integration testing will determine whether information is transferred correctly between the mobile application and existing data sources.
Invalid and unexpected conditions will also be tested, including unrecognised barcodes, unavailable coil data, incomplete responses and communication failures. This will determine whether the application handles errors appropriately and provides sufficient feedback for operators.
Quantitative data will be collected to evaluate workflow performance. The principal measure will be the time between scanning a coil and completing and submitting its required quality checks. Where comparable existing process data is available, completion times will be compared to identify any measurable efficiency improvement. Additional measures may include scan success rates, system response times, incomplete submissions and errors encountered during testing.
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Pit crew members testing the system will give feedback on how clear the interface is, how easy tasks are to complete, how fast the system feels, and any problems they run into.
Where sufficient participants are available, the System Usability Scale (SUS) may also be used. SUS provides a standardised ten-item questionnaire for assessing perceived system usability [11]. Combining SUS with task-completion measurements will allow both measured performance and operator experience to be considered.
Quantitative results will be analysed using descriptive statistics, including mean or median completion time, range, successful completion rate and error frequency. Where sufficient comparable observations exist, percentage changes between existing and proposed completion times will also be calculated. Qualitative feedback will be grouped into themes such as navigation, speed, clarity and suggested improvements. These findings will support further refinement and the final evaluation against the project's success criteria.
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The proposed architecture will connect barcode identification, existing Tata Steel data sources and digital quality records, as illustrated in Figure 1.
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The operator workflow will cut down on extra steps and give clear feedback for both successful scans and any validation errors.
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Prototype interfaces will be created for scanning, quality checks, coil loading, and LPAs, and then improved based on user feedback.
[image: ]
The prototypes will be reviewed with users and improved during each development cycle. Later, they will be replaced or updated with screenshots of the finished system.
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The project will be delivered through iterative phases covering research, requirements, design, implementation, testing and evaluation.
Table 1. Proposed project timeline
	Weeks 1–3
	Background research and literature review
	Research completed

	Weeks 3–5
	Existing process analysis and stakeholder consultation
	Requirements defined

	Weeks 5–7
	System architecture, workflow and interface design
	Design approved

	Weeks 7–12
	Development of barcode scanning, coil identification and quality-check functionality
	MVP operational

	Weeks 12–15
	Integration of coil loading, LPAs and additional functionality
	Core system completed

	Weeks 15–18
	Functional, integration and error testing
	Technical testing completed

	Weeks 18–20
	Pit crew trials and usability evaluation
	User feedback collected

	Weeks 20–22
	System refinement and final implementation
	Final system completed

	Weeks 22–24
	Evaluation, analysis and final documentation
	Project completed
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The project will use Tata Steel's existing infrastructure as much as possible. Resources will include a mobile barcode scanner, development and test environments, access to needed databases, and input from pit crew members and technical staff.
The main development work will be done by the project developer. Pit crew members will help by sharing requirements, giving feedback on prototypes, and taking part in the final evaluation. Using the company's current infrastructure means fewer extra systems or resources are needed.
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Development costs should stay low because the project will use existing databases, network infrastructure, and development tools. The main direct cost will likely be the mobile scanning hardware.
Table 2. Indicative project resource budget
	Development software/tools
	Existing resource – £0 additional cost

	Database and server infrastructure
	Existing resource – £0 additional cost

	Network infrastructure
	Existing resource – £0 additional cost

	Development labour
	Completed as part of project – no additional project expenditure

	Mobile barcode scanner/device
	Existing device or hardware cost to be confirmed

	Pit crew testing time
	Internal resource

	Estimated additional project cost
	Dependent primarily on required scanning hardware


Using current infrastructure lowers the project's financial risk. Expanding the system would mean thinking about how many devices are needed, hardware maintenance, technical support, and the possible savings from better workflow efficiency.
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[bookmark: _Toc239264349]7.1 Potential Industrial Impact
The new system could make operations more efficient and improve material traceability by recording quality information directly with scanned coils during work. Bringing coil identification, quality checks, coil loading, and LPAs into one platform could cut down on paper use and separate systems, while making production and quality information easier to access.
Better traceability could also show more clearly when and where activities happened and which coils were involved, helping with quality checks and reporting. If the system works well, it could be used in other production areas too.
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How well the system works will depend on the reliability of Tata Steel's data sources, network, and how easy it is to read barcodes. If the source data is wrong or missing, the scanner will not be able to identify coils, no matter how well it works.
Testing may also be limited by how many pit crew members can take part and how long the trial lasts. Short-term tests can check technical performance and usability but might not show how the system will work in the long run or across the whole site.
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In the future, the system could be used in more production units and add features like reporting and analytics for quality trends, LPA completion, and performance. More integration could help track coils better throughout production.
Extra features could include alerts for failed quality checks, offline use in areas with poor connectivity, and real-time dashboards for production and quality teams. Over time, data could be analysed to see if improvements in efficiency, traceability, and data quality last.
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Working on this proposal has taught me that the project is about more than just building a mobile app. Success means understanding the current process, finding out what users need, and checking if the finished system really makes operations better.
A key area for me to develop is designing software with the users in mind. Since the scanner will be used often in a busy production setting, I need to focus on usability, reliability, and speed, not just technical features. This has helped me look at the project from both a developer's and an operator's point of view.
This project will also help me gain experience in system integration, working with databases, testing, and managing traceability in a real manufacturing environment.
Overall, this project gives me a chance to use and grow my technical and project management skills while building a real system that can be tested in an actual industrial setting.
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