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Chapter 1 Introduction

Real estate valuation has always played a central role in investment decisions, mortgage approvals, and financial risk assessment in recent years, the expansion of digital real estate platforms and the availability of large-scale property data have significantly changed how valuation is performed Automated valuation models are now widely used to estimate market prices quickly and at scale Even with the advancements made, there are still some significant limitations to consider Most of the current systems used to value properties rely heavily on numerical data, such as the size of the property, its location, age, and the number of rooms it has While these factors are undoubtedly crucial, they don't tell the whole story The reality is that real estate markets are influenced by more than just numbers Buyers and investors are often swayed by the intangible, qualitative aspects of a property, like whether it's meant for residential or commercial use, the quality of the finishes, the condition it's been maintained in, and the overall impression it gives when you see it These are the kinds of things that can make or break a deal, and they're not always easy to quantify new technologies in deep learning have improved our ability to get useful information from pictures of properties These methods can pick up on things like quality and looks that are hard to put into numbers But in real life, models that use images are often made separately from models that use organized data This means that when we value something, we do it in parts - we look at the numbers in one model, and the visual signs in another, without really bringing everything together One big problem is that it's hard to understand how some AI models work They can make really good predictions, but they don't always explain how they got there This makes it tough for people to trust them, especially when it comes to things like money and investments financial institutions, investors, and regulators need to know how the models are making their decisions, so they can feel confident in the results When models are like black boxes, it's hard to get that kind of clarity This lack of transparency can cause problems and make people hesitant to use these models They want to be able to explain and defend their decisions, but it's hard to do that when you don't really know how the model is working This study has led to the identification of a key issue, which is Current ways of figuring out a property's value using machines don't give us a clear and understandable system that combines all the important details about a property with what it looks like to make accurate predictions of its market value that we can trust and make sense of This study aims to fill the gap by suggesting a new way to value things that combines numbers and pictures into one system that can predict outcomes and also explain how it works.






1.1 Problem Definition

When it comes to making investment decisions, getting a mortgage, or figuring out financial risks, knowing the value of a property is really important This is because buying and selling property usually involves a lot of money, so it's crucial to get the value just right With the internet and new computer techniques, like machine learning, it's become faster and easier to work out how much a property is worth But even with all these new tools, there are still some big problems with how we value properties today When it comes to figuring out how much a property is worth, most computer programs focus on numbers like how big the property is, where it's located, and how old it is These things are important, but they don't give the full picture of what's going on in the real estate market. In the real world, people who are buying or investing in properties don't just look at numbers They also think about things like what kind of property it is - is it for living in or for businesses? How nice is it inside? Is it well taken care of? And what does it look like overall? These kinds of details can make a big difference in how much someone is willing to pay for a property. Recently, deep learning has improved a lot, making it possible to get useful information straight from pictures of properties These image-based models can pick up on things like design, condition, and how good something looks. But in a lot of systems already out there, looking at images and working with numbers are treated as separate things This means that important information isn't being combined in a way that works well, and things that could affect the value of a property might be missed For example, images can show details about a property's condition, like cracks in the walls or broken windows, which can affect its value By combining image analysis with numerical modeling, we can get a more complete picture of a property's value This can help us make better decisions when buying or selling a property One big issue is that we can't always understand how some AI models work They're like a secret box - even if they give us the right answers, we don't know how they got there This is a problem because they don't show us how different things affect the final result For example, when it comes to figuring out the price of something, we need to know what factors are influencing that price If we can't see how the model is making its decisions, it's hard to trust it This is especially true for banks, investors, and people who make rules, because they need to be able to explain and justify their decisions They want to know exactly how the model is coming up with its answers, so they can be sure it's fair and accurate This thesis aims to tackle a key issue, which is: Current valuation models do not provide a unified and interpretable approach that combines structured property data with visual features to generate accurate, transparent, and reliable market value predictions. To address this issue, this research proposes a hybrid valuation model that integrates numerical and visual information within a single explainable framework.




1.2 Thesis Objectives
The goal of this project is to create a new model that uses artificial intelligence to estimate the price of real estate This model will combine information about the property, like its size and location, with features extracted from images of the property The idea is to make the model easy to understand while still getting accurate price estimates to achieve this objective, the study will pursue the following goals: - 
· Develop a structured-data valuation model Build a predictive model using key property characteristics such as area, location, age, property type, and additional relevant attributes. 
· Design an image-based model Implement a deep learning architecture capable of extracting meaningful visual patterns related to property condition, finishing quality, and general appearance. 
· Construct a hybrid integration approach Combine structured and visual representations into a unified predictive framework and examine how multimodal fusion affects performance. 
· Incorporate interpretability mechanisms Apply explainable AI techniques to clarify: 
· The contribution of numerical features. 
· The visual regions or characteristics influencing predictions. 
· Conduct comparative evaluation Compare the hybrid model with: 
· A structured-only model. · An image-only model. 
· Assess robustness under realistic conditions Evaluate model stability when data are incomplete, partially missing, or affected by noise. 
Explore practical applicability Demonstrate how the proposed system can function as a decision-support tool for investors, financial institutions, and digital real estate platforms.







 1.3Thesis Contribution.
This research aims to improve the way we use artificial intelligence to value real estate by filling in some important gaps in the current methods and practices being used It looks at both the theoretical and practical sides of the issue, trying to make AI-driven real estate valuation more accurate and reliable the key contributions can be summarized as follows the key contributions can be summarized as follows:
1. A Unified Hybrid Valuation Approach This research suggests a new way of predicting things by using both numbers and pictures together Instead of looking at them separately, it thinks they can help each other to give a better understanding.
2. Emphasis on Explainability The new model is different from other systems that are hard to understand It makes things clear in two ways with numbers and with pictures This makes it easier for people to see what's going on and helps organizations feel comfortable using it.
3. Empirical Evidence on Multimodal Integration The study looks at how different methods can help figure out how much a property is worth It tests three ways using just numbers and details, using just pictures, and combining both by doing this, it shows how using both numbers and pictures together can add value to understanding the worth of a property.
4. Robustness Analysis The model is evaluated under conditions that reflect real-world market environments, including incomplete and heterogeneous data availability5. Practical Orientation.
Practical Orientation Beyond theoretical development, the framework is designed with implementation feasibility in mind It aims to balance predictive accuracy and interpretability, making it suitable for real-world financial and investment applications.








1.4 Thesis Organization
Chapter 1: Introduction
Introduces the research problem, objectives, and contributions of the study.
Chapter 2: Background and Related Work
Reviews traditional real estate valuation methods and previous research related to machine learning and image-based valuation models.
Chapter 3: Proposed Approach
Presents the proposed hybrid model and describes the data, methodology, and model architecture.
Chapter 4: Experimental Results and Discussion
Reports the experimental results, compares different models, and discusses the findings.
Chapter 5: Conclusion and Future Work
Summarizes the main results of the study and suggests directions for future research.











Chapter 2: Background and Related Works
2.1 Introduction
The history of AI began in the 1950s, founded on Alan Turing’s "Can machines think?" and officially established at the 1956 Dartmouth Conference Despite early promise, the field experienced "AI winters" due to overhyped expectations A resurgence in the 2010s, driven by big data and deep learning, led to modern generative AI, neural networks, and widespread ubiquity.
 2.2 What is artificial intelligence (AI)?
Artificial intelligence (AI) is technology that enables computers and machines to simulate human learning, comprehension, problem solving, decision making, creativity and autonomy.
Applications and devices equipped with AI can see and identify objects They can understand and respond to human language They can learn from new information and experience They can make detailed recommendations to users and experts They can act independently, replacing the need for human intelligence or intervention (a classic example being a self-driving car).
[image: ]But in 2024, most AI researchers, practitioners and most AI-related headlines are focused on breakthroughs in generative AI (gen AI), a technology that can create original text, images, video and other content To fully understand generative AI, it’s important to first understand the technologies on which generative AI tools are built: machine learning (ML) and deep learning.

2.3 Machine learning
Directly underneath AI, we have machine learning, which involves creating models by training an algorithm to make predictions or decisions based on data It encompasses a broad range of techniques that enable computers to learn from and make inferences based on data without being explicitly programmed for specific tasks.
There are many types of machine learning techniques or algorithms, including linear regression, logistic regression, decision trees, random forest, support vector machines (SVMs), k-nearest neighbor (KNN), clustering and more Each of these approaches is suited to different kinds of problems and data.
But one of the most popular types of machine learning algorithm is called a neural network (or artificial neural network). Neural networks are modeled after the human brain's structure and function A neural network consists of interconnected layers of nodes (analogous to neurons) that work together to process and analyze complex data. Neural networks are well suited to tasks that involve identifying complex patterns and relationships in large amounts of data.
The simplest form of machine learning is called supervised learning, which involves the use of labeled data sets to train algorithms to classify data or predict outcomes accurately In supervised learning, humans pair each training example with an output label The goal is for the model to learn the mapping between inputs and outputs in the training data, so it can predict the labels of new, unseen dataDeep learning
[image: ]2.4 Deep learning






Deep learning is a subset of machine learning that uses multilayered neural networks, called deep neural networks, that more closely simulate the complex decision-making power of the human brain.
Deep neural networks include an input layer, at least three but usually hundreds of hidden layers, and an output layer, unlike neural networks used in classic machine learning models, which usually have only one or two hidden layers.
These multiple layers enable unsupervised learning: they can automate the extraction of features from large, unlabeled and unstructured data sets, and make their own predictions about what the data represents.
Because deep learning doesn’t require human intervention, it enables machine learning at a tremendous scale. It is well suited to natural language processing (NLP), computer vision, and other tasks that involve the fast, accurate identification complex patterns and relationships in large amounts of data Some form of deep learning powers most of the artificial intelligence (AI) applications in our lives today.
2.4.1 Deep learning also enables
· Semi-supervised learning, which combines supervised and unsupervised learning by using both labeled and unlabeled data to train AI models for classification and regression tasks.
· Self-supervised learning, which generates implicit labels from unstructured data, rather than relying on labeled data sets for supervisory signals.
· Reinforcement learning, which learns by trial-and-error and reward functions rather than by extracting information from hidden patterns.
· Transfer learning, in which knowledge gained through one task or data set is used to improve model performance on another related task or different data set.

2.5 Explainable AI (XAI) 
Explainable AI (XAI) refers to AI systems that offer transparent decision-making processes XAI is crucial in education to ensure that predictions made by ML and DL models can be understood and trusted by educators and students It helps in identifying which features influenced a prediction and supports ethical use of AI.
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2.5 Background
With advances in machine learning, more sophisticated models have been introduced into real estate valuation Algorithms such as decision trees, random forests, support vector machines, and gradient boosting have shown strong performance in predicting housing prices These methods excel at modeling nonlinear interactions among variables and managing large, complex datasets more effectively than traditional statistical approaches Pictures of properties are now really important for figuring out how much they're worth Websites that sell homes often have photos that show what the house looks like, how it's designed inside, how well it's built, how bright it is, and how well it's taken care of - all these things matter a lot to buyers and can affect how much they think the property is worth These details can make a big difference in what people are willing to pay for a house New technologies are changing the way we look at things, especially when it comes to pictures. Special computer programs, called convolutional neural networks, can now find important details in images that people might miss These programs have been really good at helping computers understand what's in pictures, like what objects are there, and what's happening in a scene When we use these programs to look at houses, they can help us figure out how nice a place is, what it looks like, and what kind of shape it's in, just by looking at photos Despite these innovations, many valuation systems still treat structured data and visual information separately Some focus mainly on numerical attributes, while others emphasize image-based approaches. However, property value depends on both quantitative features and visual impressions Analyzing these data sources independently may limit a model’s ability to fully capture the complexities of real estate markets One big problem with complex machine learning models is that it's hard to figure out how they work These models, especially the really powerful ones like deep learning networks, can be like mysterious boxes - you put something in and get an answer out, but you don't really know what's going on inside This is a big deal in areas like real estate and finance, where people need to be able to understand and explain how valuations were made Investors, lenders, and regulators all need to be able to see how the numbers were crunched, so they can trust the results and make informed decisions Without transparency and explainability, it's tough to have confidence in the models, and that can cause problems down the line Recently, researchers have been looking into new ways to value properties by combining different types of data These hybrid models bring together numbers and pictures to get a better sense of what a property is worth They look at things like the number of rooms and the size of the property, as well as what the property looks like from the outside This helps them understand not just the facts about the property, but also how it looks and feels Another important thing is to make sure that the computer systems used to value properties are transparent and easy to understand. This is where explainable AI comes in - it helps us see how the computer is making its decisions, so we can trust the results By using these hybrid models and explainable AI, we can get a more complete picture of a property's value and make more informed decisions This study plans to create a new way to value real estate that combines information about properties with pictures of them The idea is to make valuations more accurate and trustworthy, while also being clear and useful for people making decisions in the real world By using a mix of property details and visual features from images, the goal is to develop a system that is both reliable and easy to understand This will help people make better decisions when buying, selling, or investing in properties The new framework will be designed to be transparent and practical, so it can be used in a variety of real-world situations The traditional appraisal methods, while still commonly used in professional practice, have notable limitations They often depend heavily on the appraiser’s experience and judgment, and the availability of comparable sales data can vary widely by region and property type These issues can ca use inconsistencies in valuations and hinder the scalability of these approaches, especially in large or rapidly changing real estate markets With the rise of digital technologies and online real estate platforms, there has been a significant increase in accessible property data Extensive real estate databases now include detailed information on property features, transaction prices, locations, and other relevant factors. This wealth of data has driven the creation of automated valuation models (AVMs), which employ statistical and computational methods to estimate property values automatically At first, people used traditional statistical methods to create Automated Valuation Models, or AVMs These methods included hedonic pricing models and multiple linear regression They helped figure out property prices by looking at things like where the property is, how big it is, how old it is, and what it's made of These models are useful because they show how different features of a property affect its price But the problem is, real estate markets are complicated and don't always follow simple rules Sometimes the relationships between things are not straightforward, and simple models can't fully understand them New ways of figuring out how much homes are worth have been made possible by big improvements in machine learning Some really smart computer programs, like decision trees, random forests, support vector machines, and gradient boosting, have been shown to be very good at guessing housing prices These methods are great at understanding how different things affect each other in complicated ways and can handle huge amounts of data much better than old-fashioned statistical methods They can look at lots of variables, like the number of bedrooms, the size of the yard, and the location of the house, and use that information to make a pretty accurate guess about how much the house is worth. This is a big deal because it can help people buy and sell homes more easily and make sure they're getting a fair price Pictures of properties are now really important for figuring out how much they're worth. Websites that sell homes often have photos that show what the house looks like, how it's decorated, and how well it's been taken care of - all these things can affect what buyers think of the property and how much they're willing to pay Things like the style of the house, the design inside, the quality of the finishes, the lighting, and how well it's been maintained can all make a big difference Deep learning advancements, especially convolutional neural networks (CNNs), have enabled the extraction of meaningful features directly from images. CNNs have achieved notable success in computer vision tasks like image classification, object detection, and scene understanding Applied to real estate, CNN-based models can analyze photos to learn visual representations related to property quality, aesthetics, and overall condition. When it comes to figuring out how much a property is worth, there are still a lot of systems that look at numbers and pictures as separate things Some of these systems focus mostly on the numbers, like how many rooms a house has or how big it is Others look more at what the property looks like in pictures But the truth is, how much a property is worth depends on both the numbers and what it looks like If we only look at one or the other, we might not get a complete picture of what's going on in the real estate market One big problem with complex machine learning models is that it's hard to figure out how they work. These models, especially the really complicated ones like deep learning networks, can be like a secret box - you put something in and get an answer out, but you don't really know what's going on inside This is a big deal in areas like real estate and finance, where people need to be able to understand and explain how values are determined Investors, lenders, and regulators all need to be able to see how the numbers are crunched, so to speak, and know that the results are fair and make sense. Without this transparency, it's tough to trust the models and the decisions they help make Recently, researchers have been looking into new ways to value properties by combining different types of data These hybrid models bring together numbers and pictures to get a better sense of what a property is worth They look at things like the number of bedrooms and bathrooms, as well as what the property looks like from the outside This helps them understand not just the facts about the property, but also how it looks and feels. Additionally, using techniques that help explain how the computer is making its decisions has become really important This is because people want to know how the computer is coming up with its estimates, and they want to be able to trust the results By making the process more transparent, these models can help build confidence in the accuracy of the valuations This study plans to create a new way to value real estate that combines information about properties with pictures of them The idea is to make valuations more accurate and trustworthy, while also being clear and useful for people making decisions in the real world By using a mix of property details and visual features from images, the goal is to improve how well automated valuations work and make them more reliable This will help people make better decisions when buying, selling, or investing in properties The new framework will be designed to be easy to understand and use in real-life situations, making it a practical tool for the real estate industry.
2.6 Related Work
Recent studies have increasingly explored the application of machine learning and deep learning techniques in real estate valuation and housing price prediction Researchers have utilized structured property data, spatial information, textual descriptions, and property images to improve prediction accuracy
1.  Mora-Garcia et al. (2022) and their team looked into how well different machine learning algorithms work for predicting housing prices They used big datasets that included information about where the houses are located What they found out was that when you have a lot of data, machine learning methods are actually better at making predictions than traditional ways of doing things They compared a few different approaches, like using multiple models together, and saw that these new methods gave more accurate results This is important because it can help us understand how to make better predictions about housing prices in the future.
2. Wang et al. (2022) a Geographical Neural Network Weighted Regression model, or GNNWR for short, to help figure out house prices This model combines neural networks with something called geographically weighted regression, which is useful for understanding how different areas have different housing markets The good thing about this model is that it can capture the unique characteristics of each area, making it more accurate when it comes to valuing houses.
3. Rodriguez-Serrano (2024) Developed a prototype-based machine learning model designed to provide explainable real estate price predictions The approach enhances interpretability while maintaining strong predictive performance in automated valuation systems.
4. Balila and Shabri (2024) Conducted a comparative analysis of multiple machine learning algorithms, including support vector machines, gradient boosting, random forests, and neural networks, for predicting property prices in Dubai the study found that ensemble models achieved the highest prediction accuracy.
5. Hasan et al. (2024) Proposed a multimodal deep learning framework integrating structured data, images, and textual descriptions from property listings The study demonstrated that combining multiple data sources improves predictive performance compared with single-source models.
6. Sharma et al. (2024) used a special kind of computer program called XGBoost in 2024 to try to figure out how much houses are worth What they found out was that this program is really good at understanding how different things about a house, like its size and location, affect how much it costs It's especially good at dealing with complicated relationships between these things, which is important because the connection between a house's features and its price isn't always simple.
7. Riveros et al. (2024) used a special kind of computer program called XGBoost in 2024 to try to figure out how much houses are worth. What they found out was that this program is really good at understanding how different things about a house, like its size and location, affect how much it costs It's especially good at dealing with complicated relationships between these things, which is important because the connection between a house's features and its price isn't always simple
8. Arshad et al. (2024) Analyzed housing price prediction using Cat Boost and LightGBM models combined with SHAP explainability methods to understand feature importance in valuation models. 
9. Azam and Rai (2025) came up with a way to use machine learning to predict house prices in 2025 They used a lot of data and tried out different algorithms to see what worked best What they found was that getting the data ready and testing the models carefully made a big difference in how well the predictions were This shows that taking the time to prepare the data and evaluate the models is crucial for getting accurate valuations.
10. Chen (2025) Examined the role of machine learning models in housing price forecasting and emphasized that data-driven approaches can better capture complex market dynamics compared with traditional statistical methods.
11. Li (2025) Provided a comprehensive review of machine learning and deep learning techniques used in housing price forecasting and highlighted the growing importance of artificial intelligence in real estate market analysis. 
12. Ezzeldin and Abouagwa (2025) did a study in 2025 where they looked at different ways to predict housing prices in Riyadh They compared three methods hedonic regression, artificial neural networks, and random forest models What they found out was that the random forest model was the best at predicting prices compared to the other two methods.
13. Yazdani and Raissi (2023) came up with a new way to value properties in 2023 They used something called self-supervised vision transformers, which look at pictures of properties and combine that with other information This approach was more accurate than traditional methods, which only use numbers to figure out a property's value.
14. Gümmer et al. (2025) Introduced a two-stage clustering approach for interpretable house price prediction The method groups properties based on location characteristics and then applies regression models within each cluster to improve accuracy and interpretability.
15. Bhange et al. (2024) Developed a predictive housing price model using regression, decision trees, and neural networks The study showed that machine learning techniques can enhance transparency and support decision-making in real estate markets.
Research has shown that machine learning and deep learning are becoming more important in figuring out how much a property is worth But most of the time, these approaches only look at numbers and don't consider what a property looks like Also, some models that are very good at predicting values are not transparent, which makes it hard to understand how they work This is a problem when it comes to making financial decisions So, there's a need for new models that combine numbers with pictures of properties to make predictions more accurate and easier to understand. These models should be able to explain how they work, which would be helpful in the real estate industry By using both numbers and pictures, these models can give a more complete picture of a property's value This can help people make better decisions when buying or selling a property.
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