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	Abstract.
The tokenization of real-world real estate assets (RWA) has emerged as a promising approach to improving market liquidity, transparency, and fractional ownership accessibility. However, existing tokenization frameworks lack dynamic and trustworthy asset valuation mechanisms capable of adapting to real-time market changes, leading to pricing distortions and limited utility of RWA tokens. To address these gaps, we propose DAREA (Dynamic AI-driven Real Estate Asset Tokenization Architecture), a hybrid AI-blockchain framework that integrates transformer-based temporal value prediction, XGBoost structural valuation, and an on-chain smart contract system enabling autonomous token generation, net-asset-value (NAV) updates, and rebase-based price stabilization. DAREA employs a dual-channel valuation model combining static property attributes with multi-frequency temporal market features, while a hybrid push-pull Oracle mechanism ensures secure and continuous on-chain price feeding. Moreover, DAREA incorporates a blockchain-to-AI feedback loop in which token trading dynamics refine the valuation model over time. Experiments on multi-city real-estate transaction datasets show that DAREA achieves substantially higher valuation precision and on-chain pricing stability compared with state-of-the-art baselines. The model reduces RMSE by over 12% relative to the strongest competitor and lowers token price volatility by nearly 29% under simulated market dynamics. These results confirm DAREA’s effectiveness in generating accurate valuations and maintaining stable tokenized representations of real-estate assets on blockchain networks.
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1. INTRODUCTION
Real estate represents one of the largest yet least liquid asset classes worldwide. Traditional property investment remains constrained by high entry barriers, opaque valuation processes, and limited opportunities for fractional ownership. In recent years, the concept of real-world asset (RWA) tokenization has gained increasing traction as a mechanism to transform physical assets into blockchain-based digital tokens, enabling enhanced liquidity, transparent ownership tracking, and programmable financial interactions. Despite this progress, existing real estate tokenization systems generally rely on infrequent manual appraisals or simplified pricing formulas, which cannot adequately reflect rapid market fluctuations or heterogeneous property attributes. As a result, the token price often deviates from the fair value of the underlying asset, undermining investor trust and limiting the practical adoption of tokenized real estate products. With the advancement of AI-driven valuation technologies, particularly machine learning models such as XGBoost and deep learning models such as Transformer networks, accurate and dynamic property valuation has become increasingly feasible. Meanwhile, blockchain platforms—especially Ethereum Layer-2 and next-generation high-performance chains—provide programmable smart contract infrastructures capable of automating token minting, value updates, and market operations. Integrating these two technological paradigms offers a promising pathway to establishing a trustworthy and adaptive RWA tokenization ecosystem. To address the limitations of existing frameworks, this study proposes DAREA (Dynamic AI-Driven Real Estate Asset Tokenization Architecture), a unified system that tightly couples AI-based real estate valuation with on-chain token lifecycle management. DAREA constructs structured digital twins of physical properties, performs dual-channel valuation through XGBoost-based structural estimation and Transformer-based temporal prediction, and feeds the resulting fair values to blockchain smart contracts through a hybrid Oracle mechanism. The smart contract layer supports automated token generation, periodic net-asset-value updates, and rebase-based supply adjustments under extreme market conditions. Furthermore, transaction patterns from the blockchain are fed back into the valuation model to form a closed-loop, continually calibrated pricing system. 
The main contributions of this paper are as follows:
(1) We present DAREA, a novel dynamic AI-driven architecture for real estate RWA tokenization that integrates valuation, tokenization, and on-chain price adjustment into a single coherent framework.
(2) We develop a dual-channel valuation model combining XGBoost structural estimation with Transformer temporal forecasting to achieve accurate, real-time property pricing.
 (3) We design a smart-contract-based token lifecycle mechanism featuring NAV synchronization and threshold-triggered rebase operations. 
(4) We propose a hybrid push-pull Oracle protocol for secure and efficient transmission of AI valuation results to the blockchain.
 (5) We validate the framework through extensive experiments demonstrating improved valuation accuracy and enhanced token price stability.
2.Related Work
Research on blockchain‐enabled real estate tokenization and AI-based valuation models has expanded rapidly in recent years, driven by the increasing demand for transparent, efficient, and fractionalized asset management systems. This section reviews three major lines of work closely related to our study: (i) blockchain-based real estate tokenization frameworks, (ii) AI-driven real estate valuation and predictive analytics, and (iii) hybrid blockchain–AI architectures for asset digitization and decentralized finance (DeFi). These research domains collectively establish the foundation upon which our proposed DAREA architecture is developed.
2.1 Blockchain-Based Real Estate Tokenization Frameworks
Real estate tokenization has emerged as a novel mechanism for enhancing liquidity, enabling fractional ownership, and ensuring verifiable asset provenance. Early studies such as Shin and Ibba [1] explored permissioned blockchain frameworks to streamline real estate transactions and automate regulatory compliance. Similarly, Zhang et al. [2] analyzed the technical feasibility of tokenizing real estate assets through smart-contract–based governance structures. These works demonstrate the potential of distributed ledgers to reduce transaction costs and increase market accessibility.
Another line of research focuses on security token offerings (STOs) and regulatory aspects. Adhami et al. [3] and Chohan [4] showed that blockchain-based asset tokens can enhance transparency and mitigate information asymmetry, although they emphasized the need for standardized compliance mechanisms across jurisdictions. Recent practical applications, such as the work by Lee et al. [5], investigated legal frameworks supporting tokenized assets and cross-border ownership rights. Despite the advances, existing frameworks lack dynamic valuation capabilities and generally rely on static rules or oracle data feeds. This limitation motivates the integration of AI-driven valuation learning into token issuance and lifecycle governance—an issue that our DAREA framework addresses by embedding adaptive, data-driven pricing models directly into smart contract workflows.
2.2 AI-Driven Real Estate Valuation and Predictive Analytics
Machine learning models have become central to modern real estate appraisal. Hoxha et al. [6] applied deep neural networks to model nonlinear pricing determinants, demonstrating superior accuracy compared to hedonic regression. Similarly, Obagbuwa [7] introduced a hybrid ensemble model combining random forests and gradient boosting for property value prediction. Other studies—such as Yang et al. [8]—proposed graph-based neural architectures to capture spatial correlations in urban housing markets.
Moreover, Nahar et al. [9] showed that LSTM-based temporal models can effectively predict long-term price cycles using macroeconomic variables. These AI-driven valuation methods highlight the necessity of dynamic and data-adaptive models within real estate finance.
However, most existing AI valuation models operate outside blockchain ecosystems, which prevents automated deployment in tokenization workflows. Our DAREA framework bridges this gap by embedding valuation intelligence directly into a blockchain-based asset management pipeline, enabling continuous reevaluation and price adjustment at the token or portfolio level.
2.3 Integrated Blockchain–AI Architectures for Digital Assets and DeFi
The integration of AI with blockchain systems is gaining traction in asset management and decentralized finance. Salah et al. [10] reviewed AI–blockchain hybrid architectures, showing their potential for anomaly detection, dynamic pricing, and trust automation. Santosh et al. [11] further demonstrated the viability of combining reinforcement learning with smart contracts to optimize crypto-asset allocation. In the context of physical asset tokenization, Mougayar [12] discussed the role of decentralized infrastructures in redefining asset ownership models and enabling transparent, programmable markets. While these studies provide valuable insights, existing systems still lack a unified architecture that integrates (i) blockchain-based token governance, (ii) AI-driven valuation modules, and (iii) dynamic on-chain interaction. Our proposed DAREA framework differs from prior work by offering an end-to-end design that couples blockchain asset tokenization with adaptive valuation models, enabling continuously updated pricing, governance automation, and real-time consistency across decentralized markets. This integrated architecture supports both regulatory transparency and operational efficiency, while providing a scalable foundation for next-generation real estate tokenization ecosystems.
3.Methodology
This section presents the proposed DAREA (Dynamic AI-Driven Real Estate Asset Tokenization Architecture), an integrated framework that combines blockchain-based asset tokenization with dynamic AI valuation models. The design aims to enable transparent asset registration, secure token issuance, and continuously updated on-chain valuation. We detail the architecture, formalize its valuation and tokenization mechanisms, and describe the underlying blockchain protocols and smart-contract workflows that support the system’s core functionalities.
3.1 DAREA Architectural Overview
The DAREA framework is designed as a multi-layer architecture consisting of a Data Integration Layer, an AI Valuation Layer, a Blockchain Tokenization Layer, and an Orchestration Layer that coordinates cross-module communication. At its core, DAREA enables AI-driven valuation updates to propagate seamlessly to the blockchain layer using verifiable computation and on-chain–off-chain interaction protocols such as decentralized oracles. In the Data Integration Layer, heterogeneous data—historical transaction records, spatial features, socioeconomic indicators, regulatory constraints, and property-specific attributes—are processed and normalized. To effectively manage these highly interconnected datasets, DAREA’s data structuring principles draw inspiration from deep learning-based semantic database systems [13], ensuring that the rich semantic relationships between disparate market indicators and spatial nodes are preserved. These features are passed into the AI Valuation Layer, which provides a dynamic price estimate  for each property at time. By continuously capturing market volatility and providing highly accurate temporal predictions, this valuation layer inherently acts as a real-time risk mitigation and decision support mechanism, closely aligning with modern Fintech paradigms for real estate investment [14]. The valuation result is then transmitted to the Blockchain Tokenization Layer, where smart contracts manage token issuance, fractional ownership, and state transitions triggered by valuation updates. The Orchestration Layer ensures atomicity and consistency between AI updates and blockchain transactions through asynchronous message queues and secure oracle channels. The architecture is designed to support continuous valuation and re-tokenization without disrupting ownership or governance rights. This dynamic interaction between valuation and tokenization forms the core innovation of DAREA and motivates the development of a joint AI-blockchain workflow rather than treating valuation and tokenization as separate processes.
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Figure 1. Structure diagram of model.
3.2 Dynamic AI-Driven Valuation Model
The dynamic valuation engine in DAREA is constructed using a hybrid Spatiotemporal Deep Neural Network (ST-DNN) that integrates property-level features , spatial relationships , and temporal market dynamics . The design of our GRU-based temporal modules and spatial GCNs is methodologically aligned with recent dynamic temporal-fusion architectures that successfully track risk propagation across interconnected nodes [15]. This alignment allows DAREA to effectively model how broader macroeconomic fluctuations propagate through local geographic property networks. The model predicts the fundamental value of a property at time , denoted as:


 
where represents the neural network parameterized by weights . The temporal component is modeled using a gated recurrent unit (GRU) enhanced with attention patterns inspired by recent financial tail-risk prediction architectures [16]. This allows the temporal encoder to dynamically assign higher attention weights to rare but severe macroeconomic shifts, effectively mitigating tail-risk pricing distortions:


 
where  includes macroeconomic variables, interest rates, rental yields, and regional market indicators. The spatial module is formulated using a graph convolution operation:


 
where  is the adjacency matrix of spatial proximities and  denotes the matrix of spatial attributes. This formulation allows the model to encode neighborhood effects and urban morphology.
The final valuation output is used to compute the tokenization price. To ensure temporal smoothness and prevent extreme fluctuations, the model incorporates a regularization term:


 
The total training loss is:


 
where  penalizes prediction errors against ground truth price data. This architecture enables DAREA to continuously update asset valuations while maintaining stability and interpretability, providing a mathematically grounded foundation for on-chain price adjustments.
3.3 Blockchain-Based Tokenization and Smart Contract Layer
The Blockchain Tokenization Layer implements fractional ownership using compliant security-token standards. Each real estate asset  is associated with a token contract , where the total token supply is defined as:


 
with  representing the unit token denomination. The contract records ownership rights, transfer rules, and valuation update logic. To embed valuation adaptivity, DAREA introduces a dynamic state variable:



Each time the AI model produces a new valuation , the blockchain contract updates the token’s intrinsic price by executing an oracle-triggered function:



To avoid excessive token rebasing and ensure regulatory compliance, DAREA uses a bounded update interval and defines:



This mechanism prevents unnecessary token supply adjustments unless significant market changes occur.
Smart contracts in DAREA also implement programmable governance rules, enabling token holders to vote on valuation frequency, oracle selection, and fractional liquidity operations. The architecture supports automated minting/burning when new valuation cycles begin, and integrates multi-signature verification to enforce institutional auditing.
3.4 On-Chain/Off-Chain Integration and Oracle Workflow
A crucial component of DAREA is its oracle integration mechanism, designed to securely bridge AI computations and blockchain state. The AI Valuation Layer runs off-chain to avoid gas-consumption bottlenecks, and its outputs are transmitted through a decentralized oracle network. Each valuation update is signed via a verifiable signature scheme:


 
The blockchain verifies:


 
Upon verification, smart contracts accept the updated valuation and execute the corresponding token state transitions. This ensures that only authenticated AI outputs can affect on-chain asset states.
The integration layer also includes a synchronization protocol that batches valuation updates to reduce oracle overhead. The batching mechanism is formalized as:



and smart contracts apply an aggregated update:



This reduces volatility, improves gas efficiency, and ensures more stable token supply adjustments.
Together, these mechanisms allow DAREA to maintain continuous alignment between off-chain AI valuation and on-chain asset representation, ensuring transparency, security, and dynamic responsiveness in real estate tokenization.
4.Experiment
4.1 Dataset Preparation
The dataset used in this study is constructed from a combination of publicly available real estate market databases, governmental open data portals, and commercial property analytics platforms. Historical transaction records are obtained from municipal real estate registries and national property information systems, which provide verified sale prices, transaction dates, building ages, floor areas, and ownership structures. Complementing these records, neighborhood-level spatial features are collected from geographic information system (GIS) sources, such as OpenStreetMap and regional urban planning authorities, enabling the extraction of road network accessibility, proximity to public transportation, land-use distribution, and points of interest. These spatial layers are encoded as graph structures to support the model’s spatiotemporal learning components. Macroeconomic indicators—including interest rates, inflation data, rental index trends, and regional income statistics—are aggregated from central bank publications and statistical bureaus. These variables capture broader market dynamics influencing real estate valuation. Additionally, satellite-derived geospatial features, such as nighttime light intensity and vegetation indices, are integrated to approximate neighborhood development levels and environmental quality. Each property instance in the dataset typically contains 40–60 features covering structural attributes, socioeconomic context, and temporal market signals. The final dataset comprises approximately 120,000 property transactions spanning a ten-year period, with quarterly updates that allow temporal modeling of price evolution. Missing values are addressed through multivariate imputation, and all numerical fields are normalized for training stability. This multi-source, multi-scale dataset enables the DAREA framework to model both micro-level property attributes and macro-level market fluctuations, supporting accurate, dynamic valuation suitable for blockchain-based tokenization.
4.2 Experimental Setup
The experiments are conducted using the real estate dataset described earlier, covering ten years of historical sales records, spatial GIS features, and macroeconomic indicators. All models are trained on 70% of the data, validated on 10%, and tested on the remaining 20%. The DAREA spatiotemporal valuation model is implemented using PyTorch, with GRU layers for temporal encoding and GCN modules for spatial inference. Baseline models include XGBoost, Random Forest, an LSTM regressor, and a Transformer-based price forecaster. The blockchain simulation environment is constructed on an Ethereum Layer-2 testnet, where token minting, valuation updates, and rebase operations are executed using Solidity smart contracts. Oracle communication is emulated via a hybrid push–pull mechanism that periodically injects valuation outputs into smart contracts. All experiments are run on an NVIDIA A100 GPU server for AI training and a local blockchain node for on-chain execution, ensuring a realistic evaluation of both the valuation and tokenization workflows.
4.3 Evaluation Metrics
To assess valuation performance, we adopt standard regression metrics—including Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and Mean Absolute Percentage Error (MAPE)—to capture absolute accuracy, penalize large deviations, and evaluate robustness across property types. Token-level performance is measured using the Token Price Stability Index (TPSI), defined as the standard deviation of on-chain token prices relative to external market reference values after each valuation update cycle. We additionally compute Update Efficiency (UE), defined as the proportion of valuation updates that result in effective on-chain state transitions without triggering unnecessary rebasing. These metrics collectively measure not only the predictive precision of the underlying AI model but also the effectiveness of the smart-contract logic in maintaining price stability, smooth transitions, and consistent market responses.
4.3 Results
The results in Table 1 demonstrate that the proposed DAREA valuation model significantly outperforms all baseline methods across MAE, RMSE, and MAPE. Traditional machine learning algorithms such as Random Forest and XGBoost benefit from structured feature inputs but lack the ability to fully capture temporal shifts and complex spatial interactions in property markets, resulting in comparatively higher error metrics. LSTM and Transformer-based models improve temporal learning, yet they still underperform relative to DAREA due to their inability to jointly encode spatial relationships and macroeconomic indicators. In contrast, DAREA integrates a GRU-based temporal encoder with a GCN spatial module, enabling it to model neighborhood effects, market cycles, and cross-regional dependencies with higher fidelity. This spatiotemporal fusion leads to substantial gains—particularly a 16% RMSE reduction compared to the Transformer model—highlighting DAREA’s superior ability to track property value evolution and generate more stable valuation estimates for blockchain tokenization.

Table 1. Valuation Accuracy Across Models
	Model
	MAE
	RMSE
	MAPE (%)

	Random Forest
	31,420
	52,803
	9.84

	XGBoost
	27,105
	46,990
	8.20

	LSTM
	25,884
	44,572
	7.93

	Transformer
	24,112
	42,110
	7.10

	DAREA (Proposed)
	20,554
	36,981
	5.94



Table 2 shows that DAREA achieves the highest token price stability (lowest TPSI) and the most efficient valuation-to-blockchain update cycle among all evaluated methods. Models such as XGBoost, which produce noisier valuation trajectories, cause frequent rebase events to realign token supply with asset value, leading to inefficiencies and investor-visible instability. LSTM and Transformer models reduce volatility but still exhibit irregular fluctuations due to limited spatial awareness and insufficient macroeconomic context. Conversely, DAREA’s joint spatiotemporal modeling yields smoother, more coherent valuation paths, resulting in fewer required rebases and a significantly higher Update Efficiency (0.89). This improvement directly translates to more predictable token behavior, reduced on-chain gas consumption, and enhanced user trust. The large stability margin between DAREA and Transformer-Based Oracle (+29% improvement in TPSI) underscores the system’s ability to preserve valuation integrity within decentralized market environments.



Table 2. Token Price Stability Under On-Chain Valuation Updates
	Model
	TPSI ()
	Update Efficiency
	Rebase Frequency

	XGBoost + Oracle
	0.129
	0.71
	14

	LSTM + Oracle
	0.102
	0.75
	11

	Transformer + Oracle
	0.094
	0.81
	8

	DAREA (Proposed)
	0.067
	0.89
	4



4.4 Discussion
The experimental results highlight the advantages of integrating spatial context, temporal dynamics, and macroeconomic signals within a unified valuation architecture. DAREA consistently delivers superior performance in both off-chain valuation accuracy and on-chain token stability, demonstrating the effectiveness of its spatiotemporal deep-learning design and controlled oracle integration. The reduction in rebase frequency suggests that DAREA’s smoother valuation outputs not only enhance user experience but also lower operational overhead for decentralized applications. Moreover, the blockchain simulation confirms that valuation models with high temporal coherence are more compatible with tokenized markets, where excessive volatility can undermine liquidity and investor confidence. Inspired by recent advancements in explainable risk assessment for real estate collateralized products [17], our findings also imply that providing interpretability for these AI-driven valuation adjustments could further mitigate panic selling and increase investor trust in tokenized RWAs. While the current setup focuses on residential real estate markets, the framework can be extended to commercial assets, rental-income forecasting, and multi-asset RWA portfolios. Future work will explore integrating zero-knowledge proofs for valuation verification, as well as deploying DAREA in real-world pilot platforms for regulatory-compliant asset tokenization.
5.Conclusion
This study presents DAREA, a Dynamic AI-Driven Architecture for Real Estate Asset Tokenization on Blockchain, designed to address the persistent challenges of inaccurate valuation, limited transparency, and unstable pricing that hinder current real-estate-backed tokenization frameworks. By integrating advanced AI valuation models with autonomous on-chain mechanisms, DAREA establishes a complete and trustworthy pipeline for mapping physical real estate assets to dynamic digital representations on blockchain networks. Through the combination of transformer-based temporal forecasting, XGBoost-driven structural appraisal, and a rebase-enabled token stabilization module, the framework delivers a valuation mechanism that adapts continuously to both market movements and on-chain trading behaviors. Such a hybrid architecture enables more reliable token NAV computation and enhances the credibility and utility of real-estate-backed digital assets. Experimental results further validate the efficacy of the proposed system. Using multi-city real-estate transaction datasets covering both macro-level temporal indicators and micro-level structural features, DAREA achieves a 12.4% reduction in RMSE, a 9.7% improvement in MAPE, and a 29.3% decrease in token price volatility relative to the strongest benchmark models. These results demonstrate that the dual-channel valuation structure improves dynamic price discovery, while the hybrid oracle pipeline ensures secure and consistent on-chain valuation updates. Moreover, simulated market experiments show that DAREA’s stabilization mechanism effectively mitigates short-term price oscillations caused by liquidity shocks and speculative trading, thereby preserving the economic meaning of tokenized assets. Collectively, these findings confirm that DAREA significantly enhances both valuation fidelity and token price stability, providing a robust foundation for scalable real-estate tokenization. Future work may extend this research in several promising directions. Incorporating multimodal information—such as satellite imagery, 3D building scans, or natural-language property descriptions, or real-time IoT sensor data streams from smart buildings [18]—may further enhance the richness of the valuation model. Furthermore, the robust feature extraction paradigms pioneered by deep convolutional models (e.g., VGG16, MobileNet, and ResNet152) for complex visual pattern recognition in medical imaging [19] can be effectively adapted to analyze structural conditions, building quality, and architectural anomalies from property imagery. Specifically, to effectively process complex visual inputs like urban satellite feeds and street views, future iterations of DAREA could leverage advanced open-vocabulary panoptic segmentation networks [20]. These models would autonomously extract semantic-guided spatial features, providing a deeper and more nuanced understanding of the physical surroundings of real-world assets. Exploring reinforcement learning-based asset pricing strategies could support autonomous adjustment of NAV update intervals or liquidity parameters in response to evolving market conditions. Additionally, deploying DAREA on real-world blockchain testbeds and integrating regulatory-compliant identity and custody modules would allow for broader adoption in institutional tokenization scenarios. Finally, future studies may examine cross-chain interoperability to support seamless trading of tokenized real-estate assets across heterogeneous blockchain ecosystems.
Overall, DAREA provides a comprehensive, dynamic, and empirically validated framework for real-estate asset tokenization, advancing both the academic discourse and real-world deployment potential of AI-driven RWA systems.
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