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[bookmark: _Toc176452536]1. Introduction
This research project aims to investigate the potential of AI in to improve the civil engineering design processes. I intent to do this by developing a AI integrated tool int MicroStation, the main design software we use in Arup. As a seasoned civil engineer with seven years of experience at Arup, specializing in highways and structures, I am well-positioned to explore this topic. My background in civil engineering, combined with my ongoing software engineering degree, provides a unique blend of technical expertise and programming skills that are essential for this research.
The collaboration with Arup will provide valuable insights into real-world challenges and opportunities within the civil engineering industry. This partnership will ensure that the research is grounded in practical applications and has the potential to make a significant impact in the industry.


[bookmark: _Toc176452537]2. Background to the Proposed Research.
This literature review seeks to explore the current state of AI application in the civil engineering design process, identify areas where AI can significantly enhance efficiency and effectiveness and propose a framework for integrating AI into civil engineering workflows. By examining the cross over of AI and civil engineering, this review aims to highlight the transformative impact of AI and outline future directions for research and practice.

[bookmark: _Toc176452538]2.1 Current State of AI Application in Civil Engineering Design
[bookmark: _Toc176452539]2.1.1 AI Techniques used in Civil Engineering    
Machine learning and deep learning are key AI techniques in civil engineering. Machine learning trains algorithms on data to predict patterns, while deep learning uses artificial neural networks for complex tasks. These techniques have been applied for tasks like predicting construction delays [1] and analysing structural health [2].
Scripting languages like Python and C# automate processes and integrate AI tools. They're crucial for tasks such as, data preprocessing, model development, and visualization. Scrips can also be developed to automate repetitive tasks to improve efficiency. 
By combining these techniques, civil engineers can develop innovative solutions for complex design challenges, improving the overall design workflow.
[bookmark: _Toc176452540]2.1.2 Areas of Civil Engineering Design Already Influenced by AI 
AI has already impacted various aspects of civil engineering design. Below is a small sample of the examples aswell as a case study.
2.1.2.1 Structural Analysis and Design
AI-powered tools can optimize structural designs for factors like load-bearing capacity, material usage, and cost.
Scripting languages can be used to automate repetitive tasks in structural analysis, such as generating finite element models or running simulations. As demonstrated by Huang. H [3], machine learning techniques can further streamline the FEA process by automating tasks like mesh generation, solver selection, and result interpretation. 
2.1.2.2 Geotechnical Engineering:
AI algorithms can analyse geological data to predict soil properties and stability.
Scripting can be used to automate data processing and visualization tasks in geotechnical engineering.
2.1.2.3 Transportation Planning – Case Study
Singapore faced severe traffic congestion due to its growing population and complex transportation network. Traditional traffic management methods were proving inadequate due to the modern travel methods and size.
To address this, an AI-powered system was implemented. It utilized real-time traffic data, machine learning, and traffic simulations to [4]:
· Predict congestion: Identify traffic hotspots and anticipate bottlenecks.
· Optimize signals: Adjust traffic light timings for optimal flow.
· Reroute traffic: Suggest alternative routes to reduce congestion.
This system resulted in:
· Reduced congestion: Improved travel times and fuel efficiency.
· Enhanced efficiency: Optimized traffic flow and signal timings.
· Data-driven decisions: Informed choices about infrastructure and traffic management.
· Improved air quality: Decreased emissions from reduced congestion.
2.1.2.4 Construction Management: 
AI can optimize construction schedules, manage resources, and predict project delays. The use of Scripting can be used to automate reports and track project progress.

[bookmark: _Toc176452541]2.1.3 Benefits and Challenges of AI Adoption 
AI offers significant benefits in civil engineering design. It enhances accuracy through precise data analysis and predictive modelling, leading to optimized designs and efficient resource use. AI also accelerates the design process by automating routine tasks, allowing engineers to focus on complex aspects. Additionally, real-time data integration and analysis improve decision-making.
Despite these benefits, challenges hinder AI adoption. The lack of high-quality data is a primary obstacle. It is shown in the document ‘Applications of artificial intelligence in Civil Engineering’ [5] that Integrating AI with existing legacy systems can be complex. Ethical concerns, such as bias and job impact, also arise. Addressing these challenges is crucial for successful AI integration in civil engineering design.

[bookmark: _Toc176452542]2.2 Potential Areas for AI Integration to Enhance Civil Engineering Design
[bookmark: _Toc176452543]2.2.1 Identifying Gaps in Current AI Applications
While AI has made significant strides in the industry, there are still many areas where its application is limited. Some key gaps include: [6]
- Integration with existing workflows: Integrating AI tools into established design processes can be challenging, especially for legacy systems.
- Explainability and interpretability: AI models can often be complex and difficult to understand, making it challenging to interpret their results and justify decisions.
- Ethical considerations: Issues such as bias in algorithms, privacy concerns, and job displacement need to be carefully addressed.
[bookmark: _Toc176452544]2.2.2 AI for Design Efficiency and Effectiveness 
AI can significantly enhance the efficiency and effectiveness of civil engineering design by automating repetitive tasks. For example, as demonstrated by Dr Wang. J [7] that AI-driven techniques can be used to automate construction planning and scheduling, reducing the time and effort required for manual processes. This allows engineers to focus on more complex and creative aspects of their work.
2.2.2.1 Optimizing design parameters
AI algorithms can analyse vast datasets to identify optimal design parameters, such as material selection, structural dimensions, and energy consumption. This can lead to more efficient and sustainable designs. For example, AI-powered tools can be used to identify the most cost-effective materials for a particular project or to optimize the structural design for maximum load-bearing capacity while minimizing material usage.
2.2.2.2 Improving decision-making
AI can provide valuable insights and recommendations based on data analysis, enabling engineers to make more informed and data-driven decisions. For instance, AI algorithms can be used to predict the long-term performance of different design options, helping engineers to identify potential risks and challenges early in the design process.
2.2.2.3Enhancing collaboration – Case Study
The Sydney Metro project is a massive infrastructure undertaking. It faced significant challenges due to its complexity and scale. Coordinating among multiple government agencies, contractors, and subcontractors proved to be a very large task due to the large amount of data and communication needed [8]. 
To address these challenges, the project team implemented a comprehensive AI-powered collaboration platform. This platform served as a central hub for project information, facilitating, all of the below feature’s information from the documentation [9]
· Seamless Communication: Real-time messaging, video conferencing, and shared workspaces enabled stakeholders to communicate and collaborate effectively, resulting in better communication and reducing delays.
· Efficient Document Management: The platform integrated with existing design software, ensuring easy access and sharing of project documents. This allowed workflows to become automated leading to quicker turn arounds.
· Automated Task Management: Features like task tracking, dependency mapping, and resource allocation streamlined project workflows, preventing staff being over-resourced and improving the quality of work.
As shown above AI-powered platforms can significantly enhance the success of large-scale undertakings like the Sydney Metro.
[bookmark: _Toc176452545]2.2.3 AI in Innovative Design and Sustainability 
The Edge at Hudson Yards, a groundbreaking skyscraper in New York City, leveraged AI to achieve LEED Platinum certification, the highest standard for sustainable building design [10]. The building sets a prime example of how AI can drive sustainable practises which set new benchmarks in the industry 
AI applications included: [11]
· Generative design: Exploring innovative design options to maximize natural light and energy efficiency. By developing this the buildings energy consumption was lower compared to traditional skyscrapers.
· Material optimization: Selecting sustainable materials like low-carbon steel and recycled concrete which resulted in a reduced carbon footprint. 
· Lifecycle assessment: Evaluating the environmental impact of the building throughout its lifespan, resulting in enhanced occupant health and well-being. 
· Predictive maintenance: Using AI to anticipate maintenance needs and schedule tasks proactively, leading to the building achieving the highest level of sustainable building recognition.

[bookmark: _Toc176452546]2.3 Framework for Integrating AI into the Civil Engineering Design Workflow

[bookmark: _Toc176452547]2.3.1 Expanding the framework for AI integration in civil engineering
The AI Adoption Curve, a model that describes the stages organizations typically go through when adopting AI technologies, can be adapted to the context of civil engineering. Civil engineering firms often follow different stages: [12]
· Awareness: Firms become aware of the potential benefits of AI and its applications in their field.
· Interest: Organizations start to explore AI technologies and evaluate their suitability for specific tasks or projects.
· Evaluation: Potential use cases are identified, and studies are conducted to assess the benefits and challenges of AI implementation.
· Trial: Pilot projects or proof-of-concepts are undertaken to gain practical experience with AI technologies.
· Implementation: AI is integrated into core business processes and scaled across the organization.
Civil engineering firms can anticipate the challenges and opportunities at each stage and plan their AI adoption strategy accordingly.
Another important framework for AI integration is the AI Value Chain, which outlines the key steps involved in developing and deploying AI solutions. In the context of civil engineering, this includes: [13]
· Data Acquisition: Collecting and preparing relevant data, such as sensor data, design documents, and project records.
· Model Development: Developing and training AI models using appropriate algorithms and techniques.
· Deployment: Integrating AI models into existing workflows and systems.
· Evaluation: Assessing the performance of AI solutions and making necessary adjustments.
By following the AI Value Chain, civil engineering firms can ensure a structured approach to AI implementation and maximize its benefits.
[bookmark: _Toc176452548]2.4 Future research options

To further improve AI in the industry many different research directions can be explored.
Developing an AI tool for civil engineering design software. This tool could automate routine tasks, optimize designs, and provide valuable insights.
Creating more robust and interpretable AI models. These models would be easier to understand and trust, making them more widely adopted in the field.
Addressing ethical concerns. Researchers should investigate potential biases in AI algorithms and develop strategies to ensure fairness and transparency.
Exploring emerging AI technologies. Generative AI and federated learning could offer new opportunities for innovation in civil engineering design.

[bookmark: _Toc176452549]2.5 Conclusion 
This literature review has explored the current state of AI application in civil engineering design. We have highlighted AI’s potential to enhance accuracy, efficiency, and decision-making while identifying key challenges such as data quality and ethical concerns. Future research should focus on developing AI tools, addressing ethical issues, and exploring emerging technologies to further unlock AI’s transformative potential in civil engineering.
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[bookmark: _Toc176452551]3.1 Aim
 To develop and evaluate an AI-powered MicroStation add-in that can automate the process of intelligent dimensioning, improving efficiency, accuracy, and consistency in civil engineering design.

[bookmark: _Toc176452552]3.2 Objectives
3.2.1 Objective 1
To identify and implement suitable AI techniques for automating the tasks of dimension placement, formatting, and verification within the MicroStation environment.
3.2.2 Objective 2
To develop a user-friendly interface that seamlessly integrates the AI-powered features into the MicroStation workflow.
3.2.3 Objective 3
To evaluate the performance and effectiveness of the proposed add-in through rigorous testing and comparison with existing dimensioning tools.


[bookmark: _Toc176452553]4. Methodology

[bookmark: _Toc176452554]4.1 Research Methodology
The following sections outline the research methodology that will be employed for this project. This includes the data collection methods, model development techniques, add-in development process, and testing and evaluation strategies.
Data Collection: Relevant data will be gathered from Arup's internal databases and industry standards. If necessary, new data will be generated through surveys or questionnaires.
Model Development: Appropriate machine learning algorithms, such as computer vision and natural language processing, will be selected based on the specific tasks of object detection, dimension placement, and formatting. The models will be trained on a large dataset of annotated drawings across many disciplines to ensure accurate performance.
Add-in Development: An add-in for MicroStation will be developed using its API, incorporating a user-friendly interface that seamlessly integrates with the existing software.
Testing and Evaluation: Thorough testing is crucial to ensure the quality and reliability of any software development project. As emphasized by Pressman [14], testing helps identify defects early in the development process, preventing costly errors and ensuring that the final product meets the desired quality standards. By rigorously testing the add-in with Arup engineers, we can assess its accuracy, efficiency, and usability in real-world scenarios, ensuring that it meets the specific needs of civil engineering professionals. 

[bookmark: _Toc176452555]4.1.1 Philosophy
A positivist philosophy is suitable for this project due to its focus on objectivity and empirical evidence. This approach will allow us to collect and analyse data objectively and generalize findings. To address potential limitations, we may incorporate qualitative methods and triangulation.

[bookmark: _Toc176452556]4.1.2 Approach 
We use a deductive approach for this research. This means starting with existing theories about AI and civil engineering design, then test specific hypotheses related to automating dimensioning tasks. This approach helps us stay focused, be efficient, and draw more general conclusions.
While a deductive approach is valuable, also being open to unexpected findings is key. If the data goes against the initial hypotheses, preparation to revise the approach or explore alternative options can happen . This approach will keep us focused on evidence and prevent us from making assumptions too early.

[bookmark: _Toc176452557]4.1.3 Strategies
4.1.3.1 Literature Review
For the literature review, the main focus is on research about AI applications in civil engineering design, specifically related to dimensioning and annotation. 
Searching for relevant studies using specific keywords in databases like Google Scholar and IEEE Xplore. The choice to focus on recently published studies directly related to the research topic will guide the analysis. Carefully examination of these studies, summarizing key findings and identifying any gaps in the existing research.
4.1.3.2 Software Development 
To develop the AI-powered add-in, the combination of programming languages and tools will be used, including Python, TensorFlow, and MicroStation's API (Bentley Systems, Incorporated) [15]. Careful selection of machine learning algorithms will prepare the data for training. AI model training and integration with MicroStation will be followed by the design of a user-friendly interface and thorough testing to ensure the add-in's functionality.
4.1.3.3 Case Studies
Case studies will be conducted on various civil engineering projects, including highways, structures, and civil plans. Data collection will focus on project size, challenges, and the utilization of the AI-powered add-in. Data analysis will enable the assessment of the add-in's effectiveness in enhancing efficiency, accuracy, and consistency.
[bookmark: _Toc176452558]4.1.4 Risks & Limitations
4.1.4.1 Potential Risks
Data quality is crucial for the accuracy and effectiveness of AI models (Zikopoulos & Hulten) [16]. Incomplete, inaccurate, or biased data can lead to biased or inaccurate results, ensuring that the data covers all possible outcomes for the tool.
Integrating the add-in with MicroStation may present technical challenges, such as compatibility issues or conflicts with existing workflows.
Users might resist change or lack the necessary training to use the add-in effectively, which could hinder its adoption.
4.1.4.2 Mitigation 
By addressing these potential risks before they happen, we can increase the likelihood of the tool being successful.
Thorough data quality checks and cleaning procedures will be implemented to ensure the accuracy and reliability of the training data. Compatibility testing between the add-in and MicroStation will be conducted to identify and address any issues. Comprehensive training and support will be provided to assist users in understanding and effectively utilizing the add-in.
4.1.4.3 Limitations
The research may be limited by the availability of data and how complex the projects are especially if we have limited time. The findings might not apply to all civil engineering projects or disciplines because of differences in size, complexity, and specific needs.
[bookmark: _Toc176452559]4.1 5 Ethical Issues
Data privacy and bias are the primary ethical concerns in this research. To mitigate these issues, the implementation of  robust measures will be used to protect personally identifiable information and ensure data privacy. Additionally, we will strive to utilize diverse datasets and conduct evaluations of potential biases in the training data to minimize bias in the AI algorithms. 
Transparency regarding the limitations and potential biases of the AI tool is essential for trust and accountability. By proactively addressing these ethical concerns, we can conduct the research in a responsible and ethical manner.

[bookmark: _Toc176452560]4.1.6 Validity, Reliability & Generalisability
4.1.6.1 Validity
To ensure the validity of the research, we will address the following questions:
- Does the methodology accurately measure the intended concepts?
- Are the research questions relevant to the problem at hand?
- Are the findings credible and meaningful?
4.1.6.2 Reliability
Reliability will be ensured through the implementation of a triangulation approach, utilizing multiple data sources and methods. This strategy, as advocated by Creswell and Plano Clark [17], helps to enhance the credibility and validity of the research findings by providing converging evidence from different perspectives. By combining standardized methods, data triangulation, and inter-rater reliability checks, we can increase the confidence in the accuracy and consistency of the results.

4.1.6.3 Generalisability
To assess generalizability, consider if our data is similar to data from other projects. This will help us understand if our findings can be applied to different situations.

[bookmark: _Toc176452561]4.1.7 Data Evaluation Methods
4.1.7.1 Data Collection
There are many ways of data collection such as Gather existing data from Arup's internal databases or industry sources. If necessary, generating new data through simulations or case studies can also work. 
Surveys and Interviews will be used to collected relevant data to assist with the project. These methods, as highlighted by Sekaran and Bougie [18], provide a rich source of data on user experiences, perceptions, and preferences. By combining surveys and interviews, we can obtain both quantitative and qualitative data to inform the research.
The sample size of surveys will be 50 people and 5 for interviews. The data collected will be anonymous if requested by the member of staff. 
If insufficient data is collected, we may need to adjust the scope of the research or explore alternative data sources or change the project objectives.

4.1.7.2 Data Evaluation
A combination of descriptive statistics and correlation analysis testing would be suitable for evaluating the data.
Descriptive Statistics: Calculations of the average, middle number, spread, and range of the data will be completed to understand its basic characteristics.
Correlation Analysis: analysis of different things in the data are related, like how the AI tool's performance relates to user satisfaction.
Charts and graphs will be used to present the data clearly and effectively. The main findings will be summarised and draw conclusions based on the analysis.
[bookmark: _Toc176452562]4.2 Development Methodology
For this project, a Scrum methodology will be adopted, following the principles outlined in Scrum: The definitive guide to the scrum framework by Schwaber and Sutherland [19]. Scrum is well-suited for this project due to its emphasis on collaboration, adaptability, and continuous improvement.
This methodology will be used because it’s flexible and allows for changes during development. It also encourages collaboration and continuous improvement. This will help create a high-quality product and adapt to changing needs.

[bookmark: _Toc176452563]4.2.1 Software Development Methodology OR Other Relevant Major Methodology
While Scrum will be the primary methodology, incorporating elements of Agile Project Management may work to further enhance the development process. Agile Project Management emphasizes flexibility, collaboration, and continuous improvement, which aligns well with Scrum. By combining these approaches, we can create a more adaptable, efficient, and collaborative development environment. This will help deliver a high-quality product that meets the evolving needs of the project.


[bookmark: _Toc176452564]5 Resources and Planning
[bookmark: _Toc176452565]5.1 Hardware Resources
Standard networked PC: A powerful desktop or laptop with sufficient processing power, memory, and storage capacity will be required for development, training, and testing of the AI-powered add-in.
Arup large PC: Depending on the complexity of the AI models and the volume of data, specialized hardware that is on the Arup PC’s may be considered to accelerate training and inference processes.
[bookmark: _Toc176452566]5.2 Software Resources
 5.2.1 Programming Languages
Python and C# will be the primary programming language used for developing the add-in, due to its extensive libraries and frameworks for machine learning and data analysis.
5.2.2 AI Frameworks
TensorFlow or PyTorch (Paszke) [20] will be used as the foundation for building and training the AI models.
5.2.3 Development Environment
An integrated development environment (IDE) such as GitHub or Visual Studio Code will be used for coding, testing, and debugging.
5.2.4 MicroStation API
Access to MicroStation's API will be required for integrating the add-in with the software.
[bookmark: _Toc176452567]5.3 Human Resources
To improve the project's outcomes, collaboration is needed with Arup’s software engineering experts in Singapore. They are currently leading the field in developing MicroStation API’s. Working closely with them will be essential to meet all possible goals from this project.  

[bookmark: _Toc176452568]5.4 Project Plan
The Gantt charts below show the schedule for the project. It helps us track progress and make sure each part is finished on time. 

[bookmark: _Toc176452569]5.4.1 Research Proposal Gantt Chart
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[bookmark: _Toc176452571]6. Reflection
Overall, I am pleased with the research topic and its alignment with the needs of the industry I work within. The proposed MicroStation add-in has the potential to significantly enhance the consistency and accuracy within the design process.
While conducting the literature review, I encountered limited information on specific examples of AI-powered tools already developed for MicroStation. This gives me the opportunity for my research to contribute to a relatively unexplored area within the field of civil engineering. I struggled with the length of the literature review due to the vast amount of information included. I could have cut out the last case study to closer meet the word count but didn’t want to miss out important background information. 
I believe that this research project has the potential to make a valuable contribution to the advancement of civil engineering design practices and to address the challenges faced by professionals in the industry.
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