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Chapter 3 — Proposed Methodology
3.1 Overview of Research Methodology
In this research, a novel multimodal artificial intelligence approach is used in real estate market valuation. The methodology comprises the following aspects:
•	Numerical property information.
•	Property imagery.
•	XAI.

· The purpose of the methodology is to enhance the following features:
•	Prediction accuracy.
•	Model robustness.
•	Model interpretability.

· The methodology involves comparison between:
1.	Numerical data only models.
2.	Image based models.
3.	Multimodal models.
for evaluating the efficiency of integrating visual and structured data.
3.2 Research Workflow
Proposed Workflow
Stage 1 —Collection of Data
•	Acquire:
o	Numerical property data 
o	Visual property data
Stage 2 — Data Preprocessing
· Preprocess:
o	Structured data 
o	Image data
Stage 3 — Feature Engineering
•	Features to extract:
o	Numerical features 
o	Visual features 

Stage 4 — Model Building
•	Building models:
o	Machine learning models.
o	CNN for images.
o	Multimodal hybrid model.

Stage 5 — Model Training
· Training all the models using:
o	Training dataset. 
o	Validation dataset.

Stage 6 — Model Evaluation
· To be evaluated by:
· MAE 
· RMSE 
· R² Score 
Stage 7 — Explainable AI (XAI)
· Use:
· SHAP 
· Grad-CAM 
· Attention visualization 


Stage 8 — Robustness Testing
· Test in the face of:
- Missing data 
- Noisy data 
- Incomplete images

Stage 9 — Final Comparison
· Compare:
· Numerical model 
· Visual model 
· Hybrid model 

3.3 Data Collection
The dataset is made up of two key elements: 
1. Structured Numerical Data
· Includes:
· Property size 
· Number of rooms 
· Bathrooms 
· Property age 
· Location 
· Floor number 
· Parking availability 
· Property type 
Possible datasets:
· Kaggle Housing Dataset.


2. Visual Data
Property images including:
· Interior photos 
· Exterior photos 
· Kitchen 
· Bedrooms 
· Bathrooms 
· Building façade 
The images are used to detect:
· Property condition 
· Luxury level 
· Design quality 
· Renovation status 

3.4 Data Preprocessing
Structured Data Preprocessing
· Steps include:
· Removing duplicates 
· Handling missing values 
· Encoding categorical variables 
· Feature normalization 
· Outlier detection 
· Image Preprocessing
Steps include:
· Image resizing 
· Image normalization 
· Data augmentation 
· Noise reduction 
3.5 Feature Engineering
· Numerical Features
Important engineered features include:
· Price per square meter 
· Distance to city center 
· Neighborhood quality index 
· Room density 
· Visual Features
Extracted using CNN models:
· Interior quality 
· Lighting quality 
· Luxury appearance 
· Modern design indicators 

3.6 Model Development
· A. Structured Data Models
Several machine learning algorithms will be tested:
· Random Forest 
· XGBoost 
· LightGBM 
· CatBoost 
These models analyze numerical property information.
B. Image-Based Deep Learning Model
A Convolutional Neural Network (CNN) will analyze images.
Possible architectures:
· ResNet50 
· EfficientNet 
· Vision Transformer (ViT) 
The CNN extracts visual property features automatically.

C. Hybrid Multimodal Approach
This hybrid approach involves:
•	Numerical data 
•	Image data 
From both branches of data, the predictions are merged into a single prediction output layer.
Architecture
Structured Data Input Branch
•	XGBoost / Dense Neural Network 
Visual Data Input Branch
•	Feature extractor using CNNs 
Merge Layer
•	Layer for merging 
Final Output
•	Property price prediction 

3.7 Model Training
Dataset split
•	70% Train
•	15% Validation
•	15% Test
Training methods
•	Early stopping
•	Tuning of hyperparameters 
•	Cross validation


3.8 Explainable Artificial Intelligence (XAI)
To resolve the problem of a black box model, techniques of explainability will be employed.
SHAP
Application of:
•	Numerical feature importance 
•	Global and local explanations 
Grad-CAM
Application of:
•	Visual explanation 
•	Identifying regions of the image affecting price predictions 
Attention Maps
Visualization of:
•	Important visual information 
•	Feature contributions
3.9 Analysis of Robustness
Tests of the model will be done based on practical situations:
Scenarios
•	Missing values 
•	Images that are of poor quality 
•	Data that is noisy 
•	Partial loss of an image 
Aim: To test its:
•	Robustness 
•	Performance 




3.10 Comparative Analysis
Three different systems will be compared:
	Model
	Data Type

	Traditional ML
	Numerical only

	CNN Model
	Images only

	Hybrid Model
	Numerical + Images



This research assumes that the hybrid approach will be able to:
•	Increase accuracy. 
•	Gain increased interpretability. 
•	Mimic human behavior in valuation.

3.11 Expected Output
The proposed system will be able to:
•	Predict prices of properties.
•	Analyze property pictures. 
•	Justify predictions made.
•	Comparison between multimodal and other methods.
•	Benefit investors.
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