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ABSTRACT: House price prediction is a critical task in real estate analytics, influenced by various factors such as
location, economic conditions, and property features. Traditional machine learning models rely heavily on structured
data, while recent advancements in deep learning enable the integration of unstructured data such as images. This paper
presents a novel hybrid approach that combines structured numerical data with image-based features using Region-
based Convolutional Neural Networks (R-CNN). The proposed model improves predictive accuracy by leveraging both
property characteristics and visual information. Experimental results demonstrate that the hybrid approach outperforms

conventional methods in terms of mean absolute error and root mean squared error.

Background and Motivation

L. INTRODUCTION

House price prediction is essential for buyers, sellers, and policymakers to make informed decisions. Conventional
regression-based models primarily utilize structured data, including property size, location, and amenities. However,
property images contain additional visual cues, such as architectural style and surrounding conditions, which traditional
models often ignore. To bridge this gap, we propose a hybrid model that integrates structured numerical data with
image-based features extracted using R-CNN.

Contributions

e Development of a hybrid model combining structured data with image-based deep learning features.
e Implementation of an R-CNN to extract visual features from property images.
e  Comparison with traditional machine learning models to demonstrate performance improvements.
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Fig. 1. Econometric time series forecasting (left) and machine learning house price time series forecasting (right).
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Fig. 2. Use of machine learning for house price forecasting across different countries (left) and different
cities/counties/states (right).
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Fig. 3. Constructing machine learning models from different variables for different house price forecasting purposes.
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II. RELATED WORK

Traditional Approaches
Existing house price prediction models primarily rely on regression techniques such as linear regression, decision trees,
and gradient boosting machines. These models use structured data but fail to incorporate visual information.

Deep Learning in Real Estate

Recent studies explore convolutional neural networks (CNNs) for image-based property valuation. However, these
methods lack integration with structured data. Our work extends previous studies by combining numerical and image-
based information using an R-CNN architecture.

Problem Statement:
To predict house prices based on both structured data (e.g., number of rooms, area, location) and possibly image data
(e.g., images of the house, satellite images of the area, etc.).

Approach:
1. Data Collection:
o Structured Data: You need a dataset that includes information like:
e House features: number of rooms, square footage, age, type (single family, condo), neighborhood, etc.
e Location: city, postal code, or latitude/longitude.
e  Other relevant attributes like proximity to schools, parks, and public transportation.
o Image Data (optional): If available, images of houses or aerial images of the region can be used to extract spatial
features.

2. Data Preprocessing:

o For structured data: Normalize or standardize the data, handle missing values, encode categorical variables, and
possibly reduce dimensionality.

o For image data: Resize all images to a uniform size, apply augmentations (if necessary), and preprocess them for
input to a CNN model (e.g., scaling pixel values to the [0, 1] range)

3. Model Architecture: The core idea is to use the Region-based Convolutional Neural Network (RCNN) to learn

features not only from structured data but also from spatial data, if available (such as images).

o CNN for Image Feature Extraction (if applicable): Use a CNN architecture like ResNet, VGG, or a custom CNN
to extract features from images. In RCNNs, images are divided into regions, and each region is processed to extract
high-level features (e.g., edges, textures, and objects). After extracting features from each region of the house or
region around the house, you can use this information in combination with structured data.

o Structured Data Layer: Feed the non-image features (such as square footage, the number of rooms, etc.) through
fully connected layers or embedding layers. This helps the model learn how to relate these features to price
predictions.

o Fusion Layer:

*  You can combine the features extracted from both the image data and the structured data. The most common
approach is to concatenate the outputs from both modalities and pass them through further fully connected
layers.

e You could also use attention mechanisms to focus on important features from both the structured and image
data.

IJIRSET©2024 | AnI1SO 9001:2008 Certified Journal | 19395


http://www.ijirset.com/

ﬂqgﬁ International Journal of Innovative Research of
[FII;:XJ3j Science, Engineering and Technology (IJIRSET)

LR

Impact
Factor

8.524

|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 11, November 2024
|DOI: 10.15680/IJIRSET.2024.1311209|

|

- Convolution Pooling Fully Connected ~ Output
)
) 1 J
0
’ 9
]

{
Feature Extraction Classification
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4. Model Training:

o Use a regression-based loss function, such as Mean Squared Error (MSE) or Mean Absolute Error (MAE), for
training the model. The objective is to minimize the difference between predicted house prices and actual prices.

o Optimizers: Adam or RMSProp optimizers can work well in this scenario for efficient learning.

o Split your dataset into training, validation, and test sets to evaluate performance and avoid overfitting.

5. Evaluation Metrics:

o Mean Squared Error (MSE): For continuous prediction.

o R-Squared (R*): To measure how well the model explains variance in house prices.

o Root Mean Squared Error (RMSE): To evaluate the error in price predictions in the original price unit.

=)

. Optional Enhancement with Region-based RCNNs (for image data): If you are using satellite images or other
regionally structured images, a Region-based Convolutional Neural Network (RCNN) might be used to focus on
specific regions of the image (such as the house area) that are more relevant for price prediction. You could:

o Perform selective search to detect regions in the image.

o Use CNN to extract features for each detected region.

o Combine this region-level data with the structured features to make predictions.

Advantages of Using RCNN for House Price Prediction:

1. Incorporating Image Data: By using CNNs for image data (satellite, floor plans, house images), the model can
capture visual patterns that might relate to price, such as house quality, neighborhood aesthetics, etc.

2. Region Focus: RCNNs can focus on relevant regions of the house or neighborhood image, thus improving the
model's efficiency in learning.

3. Improved Generalization: The use of diverse features (structured and image-based) can lead to a more
generalizable model.

III. METHODOLOGY
Dataset

The dataset consists of structured data (e.g., square footage, number of bedrooms, location) and corresponding property
images. Data preprocessing techniques such as normalization and one-hot encoding are applied.
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Structured Data Processing: A neural network processes numerical features.
Image Processing: An R-CNN extracts visual features from property images.
from the structured and image processing branches are concatenated and passed through a

generate price predictions.

Loss Function: Mean Squared Error (MSE)
Metrics: Mean Absolute Error (MAE), Root Mean Squared Error (RMSE)
Comparison with traditional models like XGBoost and CNN-only models
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Figure 5 A Conceptual Diagram Showing The Flow Of CNN-Based House Price Prediction

Performance Comparison

The hybrid model demonstrates superior predictive accuracy over traditional models, with lower MAE and RMSE
values. Feature importance analysis indicates that image-based features significantly contribute to model performance.
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IV. EXPERIMENTAL RESULTS
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. Probability distribution plots of house prices (RMB/m2) of ninety-nine major Chinese cities (left) and their first

differences (right). Months are from June 2010 to May 2019.
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Case Study
A real-world evaluation of the model on a housing market dataset further validates its effectiveness in capturing both
numerical and visual property characteristics.

V. CONCLUSION AND FUTURE WORK

This paper introduces a novel hybrid approach for house price prediction, combining structured data with image-based
features extracted via R-CNN. Experimental results show that integrating visual information enhances prediction
accuracy. Future work will explore the inclusion of satellite imagery and text-based property descriptions to further
refine predictions.
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Figure 4 A Roadmap Chart Detailing Future Advancements
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