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[bookmark: _Toc239425861]Background and Rational 
Drawing and model production are an essential part of the engineering industry ensuring that designs are clearly demonstrated to a high standard of detail. However, due to quality assurance checks being a manual process, this leads to errors, inconsistencies and delays in engineering workflows and project delivery.      
Existing QA tools provide some automation, but these do not fully validate engineering rules or industry standards during the reviews. As a result, many organisations struggle to maintain a high level of accuracy and efficiency during the delivery of their designs. This project investigates how automated quality assurance checks can improve reliability and reduce the manual workload of conducting compliance checks for engineering workflows.
Although several studies explore CAD standards and BIM validation, there is limited research on fully automated QA checks for engineering drawings and models. Existing solutions focus on the geometry or metadata of the files rather than on rule-based validation checks or engineering constraints.    
Therefore, there is a gap in automated systems that can reliably detect quality issues without manual input and improve the overall quality and consistency of engineering designs through the adoption of more efficient QA processes. This gap informs the research question, prompting an investigation into whether automated systems can improve consistency, reliability, and efficiency compared with manual practices.  
Research Question: How does the adoption of automated CAD quality assurance systems impact the consistency, reliability, and efficiency of drafting standard compliance in civil engineering organisations compared with existing manual practices?   
[bookmark: _Toc239425862]Literature Review 
[bookmark: _Toc239425863]Computer Aided Design in Engineering 
Computed Aided Design has evolved significantly from manual drafting techniques to using various software applications for digital engineering workflows with some including the use of scripting, automation and artificial intelligence. 
CAD is a fundamental of civil engineering practices as it’s used widely across disciplines to develop 2D and 3D representations of detailed design proposals to ensure they are clearly and accurately displayed for the end user. However, due to the growing complexity of engineering deliverables there is a need for faster development cycles, higher reliability and robust digital validation techniques [1]. 
Common issues such as poor design quality, inefficiency, and human error can lead to multiple engineering errors ultimately causing an increase in cost, time and resources as well as the task of potential rework to rectify identified errors and extended delivery times [1-4]. 
This emphasises the need for enhancements to be made to improve the overall productivity, accuracy and consistency in digital engineering workflows to meet the demands and quality expectations of engineering deliverables [4].     
[bookmark: _Toc239425864]CAD and BIM Standards 
CAD and BIM standards are essentially a set of rules that must be applied to engineering designs to ensure accuracy and consistency across work packages. They set out guidelines which aim to reduce inaccuracies and inefficiencies in model coordination to maintain a good standard of quality during design. However, when the standards are not implemented correctly it can cause poor information integrity, QA failures and workflow inefficiencies [5-6]. Poor coordination can result in rework, delays and additional costs which can cause more disruption for the design team.  
Another challenge highlighted during the literature review is the lack of integrated frameworks which unify the design, construction and verification processes under ISO 19650. Without applying a suitable structure for managing design information, validation rules and model coordination, organisations will struggle to maintain reliable QA processes or shortened design reviews. Adopting digital QA workflows for implementing these standards will reduce human error and improve consistency to support the delivery of high-quality design packages [5-7].      
[bookmark: _Toc239425865]Quality Assurance in Engineering 
Quality Assurance is essential in engineering during various stages of a project especially due to the demand on teams to deliver on time while maintaining reliability and limiting project costs [8]. It ensures that engineering models and drawings consider safety, comply with design standards and are consistent with quality assurance measures.  
Manual QA testing methods are repetitive, time consuming and prone to human error. When project QA procedures are misaligned and inconsistently applied, this causes more errors, inefficiencies and poor interoperability which impacts the project reliability and cost [9]. It also presents challenges to design teams working in multidisciplinary project environments where several tools and data formats impact collaboration and validation of project deliverables which are used to integrate QA and efficiency analysis [8-10].      
[bookmark: _Toc239425866]Human Error in Design Processes
Human Error is a major factor in engineering design processes since humans currently manually check models and drawings to maintain and improve accuracy [11]. Completing QA checks and validations manually is slow, time consuming and are prone to fatigue and delays meaning the likelihood of making mistakes are common [11]. 
The manual processes place the responsibility on technicians and engineers to manually identify mistakes and design changes that software cannot identify which can take hours when thoroughly reviewing technical drawing sets [12]. Automating this task will free engineers of this, allowing them to allocate their time elsewhere.    
[bookmark: _Toc239425867]Automation in CAD and BIM
Automation has been introduced into engineering workflows to reduce labour costs, improve accuracy and speed up repetitive tasks, allowing teams to spend time on other tasks which are a priority or require more engineering input. 
Automation supports the industry demand for faster, accurate and standardised workflows which reduces the risk of project delays, rework costs and noncompliant models [13-14]. Other benefits of applying automation to engineering tasks is that it can reduce the modelling time and the number of human errors during design [13-14]. 
[bookmark: _Toc239425868]Rule-Based Systems 
The existing methods for model and drawing review are slow, manual, inconsistent and difficult to scale [15]. Applying rule-based systems for quality assurance and standard compliance ensures the correct parameters, constraints and rules are included in the design of engineering drawings and models ultimately improving the review process and validation checks for model and design accuracy [15]. 
Rule based systems allow engineers to batch review project deliverables while ensuring consistent quality control measures have been applied during the design development phases. The rules can be customized based on the project and workflow requirements making it easier to produce high quality and compliant project deliverables [15].  
[bookmark: _Toc239425869]Research Gap
The literature review highlights many issues in existing engineering workflows, including inconsistent application of CAD/BIM standards, slow and error prone manual checking processes and automation methods targeted at CAD quality assurance and compliance. 
Most of the existing QA procedures are difficult to scale due to them being heavily reliant on human input and manual updates which is poorly suited to multidisciplinary projects that involve various tools and data formats.
Rule based systems can support teams in improving consistency and compliance with automated standards and quality assurance checks, allowing the team to produce reliable, efficient and standardized CAD drawings and models.   
[bookmark: _Toc239425870]Aim and Objectives
The project aims to design, develop, and evaluate an offline, rule-based CAD quality-assurance tool capable of automatically validating civil engineering drawings against organisational drafting standards.
The project aim reflects the problems identified in the research gap, further emphasising the need for greater consistency, efficiency, and reliability in checking and reviewing processes within engineering workflows, where QA remains time-consuming due to manual methods and human error.
Exploring automated rule-based validation checks will support technicians and engineers in delivering compliant, consistent, and high-quality deliverables for future projects and improve the current methods in place, allowing the time saved to be spent on other tasks.
To achieve this aim, the following objectives will guide the project to ensure a successful delivery:
· Investigate current CAD QA processes used within civil engineering.
· Review academic and industrial research on engineering QA, CAD standards, and workflow automation.
· Design a rule-based validation architecture for CAD drawing and model assessment. 
· Develop a Python prototype to analyse DXF files.
· Implement validation rules for common drafting standards.
· Generate automated QA reports for users.
· Evaluate performance compared to manual methods.

When the project objectives are clear, tasks can be broken down into smaller milestones, helping the developer focus on key deliverables and time management for each part. Clear objectives also make it easier to track progress and spot any risks early, so the tool can successfully meet the project’s goals. 

Each objective has a clear checkpoint to support project management activities such as planning, resource management, and outlining priorities, which keeps the project scope realistic throughout the timeline. It also supports the Minimum Viable Project (MVP) approach by highlighting the main features to deliver first, while the Success Criteria provide clear ways to measure if each milestone meets the required standard. 
[bookmark: _Toc239425871]Success Criteria 
The success criteria will track project progress over time and support evaluation by assessing whether the prototype meets the project aims and objectives. It also provides measurable indicators for the developer to focus on the technical performance, functionality, reliability and usability of the QA tool while ensuring it meets the expectations of applying CAD quality assurance checks to improve existing workflows within the industry. 
The success criteria focus on functional accuracy, standard compliance, usability, technical performance and user feedback and the project will be deemed successful once the specified targets have been achieved. 
[bookmark: _Toc239425872]Minimal Viable Project 
The minimum viable project for this proposal is to develop a system that demonstrates the CAD quality assurance tool's core values. The focus will be on creating a working prototype which can load CAD files, apply a small set of validation checks, and produce a simple output that clearly highlights any detected QA issues to the user.
This will ensure that the project's aim remains achievable within the project timeline, allowing a working prototype to be available for further design and testing, enabling more validation checks to improve model and drawing compliance for future work packages.
Providing a foundation for the QA tool, rather than attempting to cover all CAD standards for this submission, will ensure that achieving the project aims and objectives is realistic given the time and resources available at this stage.
[bookmark: _Toc239425873]Methodology 
The methodology for this project outlines the research and software development techniques to be implemented to meet the project’s aim and objectives. It uses a mixed-methods approach to understand existing quality assurance processes, the technical, user, and validation-rule requirements for the development of the QA tool.
[bookmark: _Toc239425874]Research Methodology
[bookmark: _Toc239425875]Philosophies
Philosophies such as positivism, pragmatism and interpretivism will ensure that technical issues within current engineering workflows and suggestions from user feedback sessions are carefully considered during the development of the prototype to identify repetitive QA errors and the impacts on the user to ensure suitable improvements can be made to support validation checks and compliance of engineering models.
[bookmark: _Toc239425876]Strategies 
Strategies such as software development, survey research and experimentation will be adopted on this project to support the implementation of the rule-based CAD QA tool. Collecting feedback from various technicians and engineers within the industry will support understanding the current challenges with existing workflows, standard implementation and compliance. This will provide examples of design considerations to review during testing to assess the accuracy, consistency, and performance of the tool.  
[bookmark: _Toc239425877]Methods 
Both qualitative and quantitative methods will be employed to collect data before the prototype development stages. This approach ensures that sufficient detail is available to support project delivery through feedback, evaluations, and testing of existing methods. The following are examples of qualitative and quantitative data collection techniques to be utilised:
Qualitative methods:
· Interviews
· Observations of current working practices and QA procedures
· Technical Document Analysis of BEPs and CAD Standards
· User Experience Feedback
· Expert Heuristic Evaluation
Quantitative methods:
· Surveys
· Error Frequency Analysis
· System Performance Metrics
· Experimental Testing of Validation Rules 
[bookmark: _Toc239425878]Intended User Group 
The user group will consist of highway engineers and technicians who regularly produce drawings and complete the manual QA process for CAD drawings and models. Feedback will be collected from intended users to support the validation rules and system design, ensuring they are aligned with the requirements of the quality check and review processes during engineering workflows.  
Once a working prototype is available and has been tested and approved by the highways team, the tool could be shared with the wider teams and disciplines to support them in implementing CAD standards and QA processes, ensuring our deliverables remain compliant and consistent across the organisation. 
This will also present an opportunity to gather more user feedback to support the future design development and iterations of the QA tool, including project or discipline specific validation rules for CAD models and drawings.
[bookmark: _Toc239425879]Technical Approach and System Design
The technical approach for the project is to build a working prototype for the QA tool that will automatically check engineering drawings and models using pre-defined validation rules. The system will handle file input, rule processing, validation checks, and generating output files. This design will make the prototype easy to maintain and expand in future design iterations while also meeting the project's minimum requirements.
The system design process involves the creation of storyboards, architecture diagrams, validation rule flowcharts and user interface design. The design artefacts provide a clear visual representation of the QA tool and explain how data flows through the system as the user interacts with the tool and the outputs produced.
[bookmark: _Toc239425880]UX Storyboard 
The UX storyboard illustrates the typical workflow a technician or engineer would follow when interacting with the CAD QA tool. It is used to map the sequence of user actions from loading a drawing or model, initiating the validation rules, reviewing any detected compliance issues, and applying changes to correct them. 
[image: ]
[bookmark: _Toc239421155]Figure 1 - UX Storyboard Flowchart

The storyboard demonstrates how the system supports QA compliance and ensures the prototype aligns with real user workflows. It also points out where clear feedback and simple navigation are important for users to adopt the tool. 
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[image: ][bookmark: _Toc239421156]Figure 2 - UX Storyboard





[bookmark: _Toc239425881]Architecture Diagram 
[image: ]The architecture diagram gives an overview of the system structure and relationships among its core components. It shows the interaction between the user interface and the processing and validation features, so the tool can generate outputs that help users correct their CAD drawings and models to ensure compliance with required standards and quality expectations[bookmark: _Toc239421157]Figure 3 - Architecture Diagram


The diagram shows the technical approach of applying a modular design, which allows each component to be developed, tested, and improved separately, thereby helping to produce a working prototype. It also shows how the data flows within the system, a feature that contributes to scalability and enables future improvements. 


[bookmark: _Toc239425882]Validation Rule Flowcharts 
The validation rule flowcharts explain the decision making processes within the QA application that are used to evaluate CAD drawing elements against organisational standards. They show outputs for both compliant and non-compliant checks to explain to the developer how the application should respond to the validation check's input. For example, what should happen if the text height is incorrect? 

[image: ]
[bookmark: _Toc239421158]Figure 4 - Validation Rule Flowchart

Each flowchart represents a specific validation rule, which addresses common changes for models or drawings after reviews. These include checking text height, verifying layer naming conventions and identifying non‑compliant line types and styles within engineering models.
These diagrams help visualise how the rule processing engine will interpret data from drawing and models to apply conditional logic to determine If they are compliant. Additionally, the diagrams also support transparency and maintainability, making it easier to expand the rule set in future iterations of the tool.

[bookmark: _Toc239425883]User Interface Design 
The user interface design demonstrates how validation results are presented to users in a clear and accessible format. The interface focuses on readability, highlighting detected issues with descriptions and colours to indicate which checks have passed, which have failed, and issuing warnings to prompt the user to review other flagged issues in their drawing or model files.
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[bookmark: _Toc239421159]Figure 5 - User Interface Design

These designs help the output meet user expectations and support quick decision-making during quality assurance processes. They also give a starting point for improving the interface as the prototype evolves.  

[bookmark: _Toc239425884]Data Collection and Analysis 
The data collection methods used for this project combine qualitative and quantitative techniques to gain a broad understanding of current CAD QA practices and to evaluate the performance of the prototype. 
Interviews will be conducted with technicians and engineers to provide insight into existing workflows, common drafting errors, and the expectations for automated validation.
Surveys will be used to gather feedback on user experience, workflow challenges, and suggestions for validation rules and checks to be incorporated into the QA tool's design, including those used in manual QA. For example, are the title blocks displaying the correct information, and does the drawing contain a north arrow and a scale bar? 
Observations from manual CAD reviews will help identify practical issues to inform the design of validation rules and compliance checks and gather suggestions for further enhancements once the basic model and drawing checks have been addressed. 
Technical evaluation is carried out through CAD file testing using draft engineering drawings as examples. The CAD files will be analysed using a Python 3.14 prototype and processed with the ezdxf library (version 1.3.x). Documenting software versions will ensure the study can be replicated accurately by others while also maintaining compatibility with Python 3.14 and providing a stable interface for DXF parsing.
The expert evaluation will judge the relevance and clarity of the validation outputs on the basis of the feedback given by senior technicians and engineers. The system's effectiveness as a QA tool will be supported by quantitative evidence from performance measures including processing time, the number of issues detected, and consistency in repeated tests.
The combined analysis of qualitative feedback and quantitative results supports a balanced evaluation of the prototype’s accuracy, usability, and alignment with real-world QA requirements.  


[bookmark: _Toc239425885]Project Planning and Resources 
The project timeline starts in September 2026 and ends in July 2027, allowing sufficient time for research, design, development, testing, and evaluation. 
A Gantt chart has been developed to break the work into manageable phases, ensuring effective progress monitoring and the achievement of key milestones. Each stage has been allocated realistic timeframes based on the complexity of tasks and the iterative nature of software development.
[image: ]The Gantt chart visualises the project schedule and key milestones, ensuring that development, testing, and evaluation activities are planned and monitored effectively throughout the project.[bookmark: _Toc239421160]Figure 6 - Project Timeline (Gantt Chart)

No financial budget is required for this project, as all tools and resources are already available under existing licenses. The development of the QA tool will be carried out using software such as Python and libraries from ezdxf for DXF processing. Other software, such as Microsoft Word, Excel, and PowerPoint, will be used to record, write, and analyse project information to produce a final written dissertation report.
The main resource requirements are allocated focused time to progress with the project tasks, a laptop capable of running software applications such as Python and AutoCAD and access to the relevant software tools. Having these resources available will ensure that the prototype can be developed and tested during the project, ensuring successful delivery within the given timeframe.
[bookmark: _Toc239425886]Impact and Limitations
This project is expected to make a big difference in civil engineering workflows. By cutting down the time spent manually reviewing plans or models, it will help make existing processes and QA checks more efficient.
Automated validation will help the team pay more attention to QA checks and stick to drafting standards more consistently. This means engineering deliverables will be more accurate and reliable, helping organizations keep their work at a high standard. 
The project also identifies key points like data dependency, computational cost, robustness, interpretability, and training instability which are important factors to consider in terms of the development and scalability of the tool. This highlights the benefits and the technical challenges involved with implementing a automated assurance tool in engineering.  
[bookmark: _Toc239425887]Further Developments  
Once a working prototype is available and user feedback has been collected from technicians and engineers, the QA tool could be enhanced in future design iterations to include additional validation rules and improve its scalability. Examples of the future improvements include:
· Checking and reviewing multiple models, drawings and combined models
· Providing suggestions for moving annotations to avoid clashes in plan
· Creating the first pass of a markup for technicians and engineers to add their own comments
· Improve compatibility with a wider range of software such as Bentley MicroStation and OpenRoads, Tekla, Revit and Grasshopper.
· Create an online QA tool that can be used within design applications rather than using an offline version 
· Automatically run the QA tool at the end of every day and apply live version control tracking features   
· Include project specific validation rules       

[bookmark: _Toc239425888]Personal Reflection 
Developing this project proposal has strengthened my understanding of CAD quality assurance challenges and the limitations of current manual checking processes. Reviewing the literature and analysing existing workflows has highlighted that engineering organisations rely on consistency in drafting standards and that an automated tool can support them in achieving this for current and future deliverables.
The proposal has helped me improve my skills in structuring technical investigations, justifying the use of methodologies and research methods, and planning realistic project phases that will support the delivery of my final project.
Overall, preparing this proposal report has improved my ability to think about engineering problems and plan a structured research process that will provide a strong foundation for the development and evaluation of the QA tool.    
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