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Abstract—This research proposes a comprehensive AI-

driven framework for real estate valuation by 

integrating Cognitive Digital Twins (CDTs), advanced 

predictive models, and blockchain technology to deliver 

a transparent, secure, and scalable solution. Leveraging 

machine learning and deep learning algorithms such as 

Long Short-Term Memory (LSTM), Random Forest, 

and Temporal Fusion Transformers (TFT), the system 

predicts property prices based on key features including 

location, square footage, number of bedrooms, and 

market trends. Real-time data from external APIs 

ensures continuous updates in response to changing 

market dynamics. Blockchain serves as a decentralized, 

tamper-proof ledger for storing legal documents, 

transaction histories, and valuation records, thereby 

ensuring data integrity and trust across stakeholders. 

The use of smart contracts automates real estate 

transactions, enabling conditional execution without 

intermediaries. Furthermore, the system supports 

digital tokenization of real estate assets, facilitating 

fractional ownership and democratizing property 

investment for smaller investors. Federated learning is 

employed for sentiment analysis, aggregating 

decentralized social feedback to assess property 

desirability. Experimental evaluations demonstrate high 

predictive accuracy and robust system performance. 

This framework not only enhances the reliability and 

transparency of property valuation but also lays the 

foundation for the future of intelligent, data-driven real 

estate ecosystems. 

 

I. INTRODUCTION 

 

The real estate industry, integral to global economies, 

has experienced profound transformation over the 

last decade, driven by advancements in technology. 

Traditional methods of property valuation, while 

reliable, have inherent limitations, particularly in 

terms of scalability, transparency, and accuracy. In 

recent years, the convergence of artificial intelligence 

(AI), blockchain technology, and the concept of 

Digital Twins (DTs) has opened new frontiers for 

automating and enhancing real estate valuation 

processes. These technological innovations promise 

to overcome many of the challenges faced by 

traditional systems, offering more dynamic, real-time, 

and accurate property valuations. 

Digital Twins, which are virtual replicas of physical 

assets, provide an innovative way to simulate real-

world conditions and predict potential outcomes. In 

the context of real estate, a Cognitive Digital Twin 

(CDT) represents not just a static model of a property 

but an intelligent system capable of processing data 

from multiple sources to simulate future scenarios 

and make informed predictions. This cognitive ability 

can significantly enhance the precision of property 

valuations, providing real- time insights into market 

conditions, property characteristics, and external 

factors. 

Blockchain, a decentralized and immutable ledger 

technology, complements the capabilities of Digital 

Twins by ensuring the integrity and transparency of 

property data. By utilizing smart contracts, 

blockchain can facilitate secure, automated 

transactions and exchanges of property-related 

information, minimizing the risks of fraud and 

enhancing the reliability of valuation models. The 

integration of blockchain with Digital Twins offers 

the potential to create a transparent, secure, and 

trustworthy framework for real estate transactions 

and valuations. 

This paper proposes a framework that integrates AI-

powered Cognitive Digital Twins with blockchain 

technology to revolutionize real estate valuation. By 

leveraging AI algorithms, such as machine learning 

and data analytics, the proposed system aims to 

improve the accuracy of property valuations, predict 
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market trends, and enhance decision-making 

processes. Moreover, the integration of blockchain 

ensures that these valuations are securely stored and 

verified, providing a decentralized solution that is 

resistant to manipulation. 

The key objectives of this research are to explore the 

potential of AI-powered Cognitive Digital Twins in 

real estate valuation, assess the feasibility of 

integrating blockchain for data security and 

transparency, and highlight the challenges and 

opportunities presented by these technologies. The 

paper also aims to outline future enhancements, such 

as the incorporation of Internet of Things (IoT) 

sensors, to further improve the accuracy and real-time 

capabilities of the system. By combining these 

cutting-edge technologies, this research envisions a 

more efficient, transparent, and secure real estate 

market, where property valuations are based on 

accurate, real-time data and immune to traditional 

inefficiencies. 

 

II. LITERATURE REVIEW 

 

Blockchain and Digital Twin Technologies 

Blockchain technology has emerged as a 

transformative tool in the development of Digital 

Twins (DTs), which are virtual replicas of physical 

systems used for real-time monitoring and 

management. Suhail et al. [1] provide an extensive 

overview of the application of blockchain in Digital 

Twin systems, identifying key research trends, 

current challenges, and future directions. Their work 

highlights the potential of blockchain to enhance data 

security, transparency, and integrity in DTs, while 

also addressing scalability and interoperability issues. 

 

In a similar vein, Yitmen et al. [2] explore the 

integration of Digital Twins, blockchain, and AI 

within the Metaverse, offering a comprehensive 

analysis of enabling technologies and the challenges 

these innovations present. They emphasize the role of 

blockchain in securing transactions and data 

exchanges in Metaverse environments, pointing to the 

potential for decentralized applications where DTs 

are used to simulate and manage complex real-world 

systems. 

 

Hellenborn et al. [3] delve into the specific asset 

information requirements for blockchain-based 

Digital Twins, adopting a data-driven predictive 

analytics perspective. Their findings underscore the 

need for accurate and timely data to enhance the 

predictive capabilities of DTs. They argue that 

blockchain's decentralized nature can ensure the 

trustworthiness and authenticity of the data used in 

DT models, which is critical for applications such as 

asset management and predictive maintenance. 

Further extending this area of research, García- Valls 

et al. [4] introduce CoTwin, a system that uses 

blockchain to collaboratively improve Digital Twins 

by enabling decentralized decision-making among 

multiple stakeholders. The authors highlight the 

potential for blockchain to optimize the maintenance 

and improvement of DTs, enabling better cooperation 

across different entities, such as owners, operators, 

and service providers. 

 

D’Amico et al. [5] focus on Cognitive Digital Twins, 

which incorporate machine learning and AI to learn 

from real-world data and improve their models over 

time. They outline a methodology for knowledge 

transfer within Digital Twins and discuss how 

cognitive capabilities can be integrated into DTs 

through blockchain, enhancing their adaptability and 

decision-making processes. 

 

AI and Blockchain Integration 

The integration of Artificial Intelligence (AI) with 

blockchain is a growing area of research, particularly 

in the context of Digital Twins. Zhang et al. [7] 

provide a comprehensive analysis of the feasibility, 

applications, and challenges of integrating blockchain 

with AI. Their work explores various use cases, such 

as autonomous systems and predictive analytics, and 

discusses how AI can benefit from blockchain's 

transparency and security, particularly in 

decentralized environments. 

 

Afzal et al. [8] provide insights into the role of AI 

and machine learning in the development of Digital 

Twins, particularly in the construction industry. They 

emphasize the importance of integrating these 

technologies to improve decision-making processes, 

enhance predictive maintenance, and optimize   

resource management. AI-driven DTs can lead to 

more efficient and cost-effective operations in 

construction, with blockchain further enabling secure 

and transparent data handling. 
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Rathore et al. [9] also explore the role of AI, machine 

learning, and big data in Digital Twinning, providing 

a systematic review of the literature. They identify 

key challenges and future research directions in this 

area, including the need for better integration of AI 

algorithms with DT models to enhance their 

predictive capabilities. 

 

Real Estate and Blockchain in Property Valuation 

The application of AI and blockchain in the real estate 

sector has garnered significant attention in recent 

years. Shaw [10] explores the concept of platform real 

estate, discussing the role of new urban real estate 

markets and how emerging technologies like 

blockchain and AI can disrupt traditional property 

management and valuation methods. The study 

suggests that AI-driven tools could improve property 

valuation models, providing more accurate and timely 

data. 

 

Pai and Wang [11] investigate the use of machine 

learning models and transaction data to predict real 

estate prices. Their study demonstrates how AI can 

be leveraged to develop more accurate valuation 

models by analyzing historical transaction data. The 

integration of blockchain could further enhance these 

models by ensuring data integrity and reducing the 

risk of fraud. 

 

Uchani Gutierrez and Xu [12] discuss the use of 

blockchain and smart contracts to secure property 

transactions in smart cities. They emphasize how 

blockchain's decentralized nature can ensure 

transparency and security in property transactions, 

which is essential for building trust in digital property 

markets. The study suggests that blockchain could 

streamline the property transaction process, reducing 

paperwork and the potential for fraud. 

 

Automated Valuation Models and Machine Learning 

Recent advances in machine learning and deep 

learning have paved the way for more sophisticated 

automated valuation models (AVMs) in real estate. 

Sing et al. [15] discuss the use of boosted tree 

ensembles for AI-based AVMs, highlighting how 

these models can improve the accuracy and efficiency 

of property valuations. Their findings suggest that AI 

models, when combined with blockchain for secure 

data management, can provide more accurate, real-

time property valuations. 

 

Jafary et al. [16] conduct a comparative study of four 

machine learning and deep learning methods for 

automated land valuation. They evaluate the 

performance of various techniques in predicting land 

values, offering valuable insights into which methods 

are most effective for different types of real estate. 

Their study underscores the importance of choosing 

the right machine learning algorithm to ensure that 

AVMs are both accurate and scalable. 

 

Bhandari et al. [13] explore the application of deep 

learning models in predicting the volatility of the ESG 

(Environmental, Social, and Governance) index, 

demonstrating how AI can be applied to financial 

markets. While not directly related to real estate 

valuation, this work highlights the potential of deep 

learning techniques in handling complex, high- 

dimensional data, which can be similarly applied to 

real estate market predictions. 

 

Decentralization and Tokenization 

Sockin and Xiong [6] investigate the concept of 

decentralization through tokenization, which has 

emerged as a crucial element in the integration of 

blockchain with various industries. Tokenization 

allows for the representation of assets, such as real 

estate, as digital tokens on the blockchain, enabling 

fractional ownership and facilitating secure 

transactions. Their study suggests that tokenization 

could revolutionize the real estate market by making 

property investments more accessible and liquid. 

Bibi and Jagatheesaperumal [14] also emphasize the 

potential of the Metaverse and AI in enabling new 

urban systems, which are increasingly integrated with 

blockchain. Their work discusses how the Internet of 

Things (IoT), when coupled with blockchain, can 

enable more secure, scalable, and efficient smart city 

infrastructures. This highlights the broader 

application of blockchain in urban development and 

real estate, facilitating real- time data sharing and 

enhancing property transaction models in emerging 

digital environments. 

 

III. PROBLEM STATEMENT 

 

Real estate valuation is a critical component in urban 

planning, investment decisions, and smart city 
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development. However, traditional methods suffer 

from several limitations, including lack of 

transparency, subjectivity, and delayed 

responsiveness to real-time market dynamics [10], 

[11]. These models often fail to incorporate diverse, 

dynamic data streams— such as environmental 

conditions, user behaviors, and socio-economic 

indicators— that can significantly affect property 

value. 

Moreover, existing centralized valuation systems 

raise concerns around data security, ownership rights, 

and trust, particularly when dealing with high-stakes 

property transactions [12]. The integration of AI and 

Digital Twin technology has shown promise in 

capturing real-time data and providing predictive 

analytics [9], [8], yet challenges persist in ensuring 

data integrity, auditability, and interoperability across 

platforms [1], [3]. 

There is a pressing need for a cognitive, decentralized 

real estate valuation system that leverages the 

strengths of AI, Digital Twins, and Blockchain to 

create an intelligent, transparent, and secure 

framework. Such a system can revolutionize property 

valuation by ensuring continuous learning from real-

world feedback, immutable data storage, and 

decentralized control. 

 

IV. METHODOLOGY 

 

This research proposes a robust AI- powered 

Cognitive Digital Twin (CDT) framework integrated 

with blockchain to perform accurate, secure, and 

transparent real estate valuation. The methodology 

comprises several interlinked modules: Data 

Acquisition, Feature Engineering, AI- Based 

Valuation Model, Sentiment Analysis, Blockchain 

Integration, Tokenization, and Application 

Deployment. The system architecture is designed to 

simulate real estate asset behavior digitally and 

assign trustworthy valuations via decentralized 

verification [1]. 

 

4.1. Data Acquisition and Preprocessing Real estate 

datasets are collected from publicly available 

sources, property transaction databases, 

geospatial APIs, and sentiment sources such as 

social media and news platforms. The data 

includes: 

• Structural features (e.g., area, bedrooms, 

bathrooms) 

• Geolocation and neighborhood data 

• Economic indicators (e.g., interest rates, demand 

index) 

• Temporal data (e.g., construction year, 

transaction date) 

• Sentiment data (public opinion, social media 

sentiment, market sentiment) 

After eliminating noise and null values, the dataset is 

normalized and encoded for machine learning. 

 
Where: 

• X is the feature set. 

• Y is the target output (price or valuation). 

 

4.2. AI-Based Price Prediction Model 

To estimate real estate prices, we evaluate multiple 

machines learning models, including Linear 

Regression, Random Forest, and Gradient Boosted 

Trees (e.g., XGBoost). 

 

4.2.1. Linear Regression (Baseline Model) 

 
 

4.2.2. Gradient Boosted Trees 

 
 

4.2.3. Loss Function 

We minimize the Mean Squared Error (MSE): 

 
 

4.3. Cognitive Digital Twin (CDT) 

Modeling 

A Cognitive Digital Twin is created for each real 

estate asset. It dynamically learns from: 

• Historical transaction data 

• IoT feedback (for future enhancement) 

• Environmental metrics 

• User interaction logs 

It uses knowledge graphs and context- aware 

reasoning to improve valuation performance over 

time, enabling self- updating intelligence that adapts 

to changes in property and market conditions [5]. 
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4.4. Sentiment Analysis for Market Trends Sentiment 

analysis is applied to social media, news, and 

market reports to capture public and market 

sentiment toward specific properties and real 

estate markets. This sentiment data is processed 

through Natural Language Processing (NLP) 

techniques to derive positive, negative, or neutral 

sentiment values, which are then integrated into 

the valuation model. 

This analysis contributes to the AI model by 

influencing the predicted market trends, adding an 

intangible yet significant factor into the valuation 

process. 

 

4.5. Blockchain Integration for Transparency 

Each valuation is hashed and stored on a blockchain 

ledger using the SHA-256 algorithm to ensure data 

integrity and auditability: 

 
Smart contracts are triggered upon valuation approval 

or property sale to ensure trustless automation and 

transparent transaction records [2, 12]. 

 

4.6. Tokenization Model 

Real estate properties are fractionalized into digital 

tokens (NFTs or ERC-20 equivalents) to enable 

shared ownership. The tokenization process allows 

users to purchase fractional ownership of real estate 

assets. 

Let: 

• V be the property value, 

• N be the number of tokens. Then: 

 
Where: 

• k is the number of tokens held by a user. 

 

4.7. Model Evaluation 

Performance is evaluated using several metrics: 

• R² Score (Goodness of Fit): 

 

• RMSE (Root Mean Squared Error): 

 

• MAE (Mean Absolute Error): 

 

4.8. Application Deployment 

The system is deployed with an Application Layer to 

facilitate user interaction and data access. An API 

Gateway serves as the interface for data exchange 

between the AI and Blockchain Layers, ensuring 

secure and scalable communication. 

Authentication mechanisms (e.g., OAuth) protect 

user access, while a User Interface (web-based) 

allows stakeholders to view valuations, manage 

tokens, and interact with smart contracts. This layer 

integrates the backend processes into a practical, user- 

friendly solution [1]. 

 

4.9. 4.9 System Architecture 

 
FIG 4.9.1 SYSTEM ARCHITECTURE 

 

Figure FIG 4.9.1 SYSTEM ARCHITECTURE 

illustrates the proposed architecture. Data from 

structured sources and sentiment inputs are processed 

through an AI engine for predictive analytics. The 

Cognitive Digital Twin (CDT) simulates asset 

behavior using these insights and interacts with the 

blockchain layer, where validated valuations are 

recorded via smart contracts. A tokenization engine 

fractionalizes qualified assets, enabling secure, 

decentralized transactions. The application layer 

manages user access through APIs and a web 

interface. 

 

V. RESULTS AND DISCUSSION 

 

5.1. AI-Based Price Prediction 

The models evaluated for real estate price prediction 

include Linear Regression, Random Forest, and 

XGBoost. The performance was assessed using R², 



© February 2026 | IJIRT | Volume 12 Issue 9 | ISSN: 2349-6002 

IJIRT 192830 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3073 

RMSE, and MAE metrics: 

Linear   Regression:   R²   =   0.85 

Random    Forest:    R²    =   0.92 

XGBoost: R² = 0.95, RMSE = 3.2%, MAE = 2.8% 

XGBoost provided the most accurate predictions, 

showing the best results for real estate price 

estimation. 

 

5.2. Cognitive Digital Twin (CDT) Performance 

The CDT, which learns dynamically from historical 

and environmental data, showed a 7% improvement in 

prediction accuracy after 6 months of learning. This 

self-updating feature enhances the model’s 

adaptability to market changes, improving its 

reliability over time. 

 

5.3. Blockchain Integration 

Blockchain ensured secure and transparent valuation 

data storage. Each valuation was hashed and stored 

using SHA-256, providing cryptographic security. 

Smart contracts automated property transactions and 

valuation approvals, ensuring transparency and 

reducing manual intervention. 

 

5.4. Tokenization Impact 

Real estate tokenization allowed fractional 

ownership, making the market more accessible. For 

example, a property worth ₹100,000 was divided into 

10,000 tokens, each worth ₹10. Tokenized real estate 

facilitated faster transactions and lower entry barriers 

for investors. 

 

5.5. Results 

 
Fig 5.6.1 Application Home Page 

 
Fig 5.6.2 AI based Price Prediction 

 

 
Fig5.6.2 Blockchain Document Storage 

 

VI. CONCLUSION AND FUTURE WORK 

 

6.1. Conclusion 

This paper presents an AI-powered Cognitive Digital 

Twin (CDT) integrated with blockchain for real estate 

valuation. The proposed framework demonstrated 

improved accuracy, transparency, and efficiency 

compared to traditional methods. XGBoost, as the 

best- performing model, showed a 95% R² score, 

while blockchain integration ensured data integrity 

and transparency through secure hash storage and 

smart contract automation. Tokenization further 

enhanced the accessibility and liquidity of real estate 

investments by enabling fractional ownership. The 

model's adaptability through the CDT allows for 

continuous improvement, ensuring accurate 

predictions over time. 

 

6.2. Future Work 

1. IoT Sensor Integration: 

Enhance IoT sensor integration to collect real- time 

property data (e.g., environmental conditions, 

occupancy levels) for better property valuation 

and operational insights. 

Utilize edge computing for faster data processing, 
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improving real-time decision- making in property 

assessments. 

2. AR Integration: Integrate AR technology to 

enable virtual property walkthroughs, allowing 

users to visualize properties remotely. 

Display additional property data (e.g., valuation 

history, energy efficiency) through AR overlays, 

enhancing user experience and decision-making. 
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