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Abstract. With continuous artificial intelligence and computer graphics technology, virtual 

cities are receiving widespread attention as an essential digital twin technology, . The core 

issue of this study is how to choose appropriate neural networks and algorithms to build 

models to construct virtual cities. The research methods include literature search, research and 

improvement of deep learning algorithms, and exploration of multi-model combinations. The 

research conclusion shows that choosing appropriate neural networks and algorithms is the key 

to building high-quality virtual cities, and targeted improvement and optimization of deep 

learning algorithms can further improve the accuracy and efficiency of virtual city construction. 

The strategy of multi-model combination also shows its unique advantages. By integrating 

different neural networks and algorithms, people can fully utilize their advantages and 

compensate for each other's deficiencies. With the advancement of technology, more 

innovative methods and technologies will be applied to this, which will help to build a more 

realistic virtual world and promote the development and application of virtual cities. 
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1.  Introduction 

As an outstanding representative of digital twin technology, the virtual city uses technologies such as 

5G/6G, the Internet of Things, blockchain, urban models, spatiotemporal big data, data computation, 

and artificial intelligence to build a smart city based on digital twins, gradually becoming a hot spot in 

scientific research and application [1, 2]. In the construction of a virtual city, selecting appropriate 

neural networks and algorithms to construct accurate and efficient models is the core issue of this 

study. Currently, we live in an era of data explosion. The physical city, as the foundation of the virtual 

city, contains a large amount of multi-format data, including texts, images, and videos [3]. The rise of 

deep learning technology allows us to capture and extract subtle features and patterns of change in 

cities from these data. This study aims to construct a more realistic and detailed virtual city through a 

literature review, research and improvement of deep learning algorithms, and exploration of 

multi-model integration strategies. The research results show that selecting suitable neural networks 

and algorithms is crucial for building high-quality virtual cities. We can further enhance the accuracy 

and efficiency of virtual city construction by targeted improvements and optimizations of deep 

learning algorithms. In addition, the strategy of multi-model integration demonstrates its unique 

advantages. By integrating different neural networks and algorithms, we can fully utilize their 
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strengths and compensate for their weaknesses, achieving a more comprehensive and precise virtual 

city construction. With the continuous advancement of technology, more innovative methods and 

techniques will emerge, injecting new vitality into the construction and development of virtual cities 

and pushing their applications in simulating actual urban development, disaster simulations, game 

design, and other fields to new heights. 

2.  The Application of Deep Learning in Virtual City Construction 

As a branch of artificial intelligence, deep learning simulates the working mode of human brain neural 

networks, and experiences often correspond to data stored in the form of features, possessing robust 

feature learning and representation capabilities. In constructing virtual cities, deep learning can extract 

valuable features through learning from a large amount of urban data, providing an accurate model for 

generating virtual cities. 

2.1.  Feature learning 

The essence of deep learning is to build machine learning models with many hidden layers and 

massive training data to learn more useful features, ultimately improving the accuracy of classification 

or prediction. So, "deep modelling" is the means, and "feature learning" is the goal [4]. In the 

construction of virtual cities, the primary application of deep learning technology is to learn and 

simulate various city features. This includes but is not limited to various aspects such as urban images, 

geographical layout, road planning, traffic patterns, population distribution, and environmental data. 

By constructing deep neural network models, deep learning can automatically learn and recognize 

these features from massive urban data and generate realistic virtual urban landscapes. 

2.2.  Multimodal data fusion 

Through multimodal data fusion technology, deep learning can effectively integrate data from 

different sources and forms. This fusion enriches virtual cities’ information dimension and makes 

learning of urban features more comprehensive and accurate. 

More realistic virtual urban landscapes and buildings can be generated through deep learning 

techniques. The model can learn details such as textures, lighting, and shadows from the real world, 

making virtual cities visually closer to the real world. 

Deep learning enables virtual cities to have more advanced interactive functions. By building an 

intelligent interaction system, users can interact in real cities, such as exploring the interior of 

buildings and participating in urban activities. This interactivity enhances user immersion and provides 

more urban planning and management possibilities. 

3.  Selection of neural networks 

Selecting the appropriate neural network is crucial in constructing virtual cities based on deep 

learning.Different neural networks have different advantages in feature extraction, model 

representation, and computational efficiency. 

3.1.  Convolutional Neural Network (CNN) 

Convolutional Neural Network (CNN) is a particular type of deep feedforward network, and the CNN 

model mainly includes the input layer, convolutional layer, pooling layer, fully connected layer, and 

output layer [5]. 

Convolutional neural networks perform excellently in processing image data, utilizing basic 

structures such as convolutional layers, pooling layers, and fully connected layers to learn and extract 

relevant features on their own and utilize them [6]. In the construction of virtual cities, it can handle 

the texture, color, and other features of urban landscapes. 
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3.2.  Recurrent Neural Network (RNN) and Long Short Term Memory Network (LSTM) 

Recurrent neural networks refer to deep cognitive patterns used to process sequence information. 

Including loop units: The loop units in RNN allow signals to be freely transmitted at various time 

steps. This makes RNN suitable for managing time. RNN performs well in processing time series data, 

making it suitable for simulating urban dynamic changes such as traffic flow, population migration, 

and other patterns. However, when dealing with long sequences, RNN may face the problem of 

vanishing or exploding gradients.  

To address this issue, Long Short Term Memory (LSTM) networks have been proposed. Long 

Short Term Memory Network (LSTM) is a variant of RNN that effectively solves the gradient 

problem when processing long sequences by introducing gating mechanisms and memory units, thus 

possessing good long-term dependency modeling ability. The proposal of LSTM has further promoted 

the development of RNN, and now it is more common to refer to LSTM structured neural networks as 

RNN [7]. In the construction of virtual cities, LSTM can be used to simulate and predict the long-term 

development trends of cities, such as urban planning, population growth, etc. 

3.3.  Generative Adversarial Network (GAN) 

Generative Adversarial Network (GAN) consists of two parts: a generator and a discriminator. 

Research has shown that GAN enables models to explain the accurate distribution patterns of data 

through a game between the two, thereby generating new image data commonly used in image 

processing in computer science and medicine [9, 10]. Generative adversarial networks can learn 

unfamiliar and familiar data suitable for tasks to adapt to diverse design conditions and have good 

application prospects in urban design [11]. 

In virtual city construction, GAN can generate highly realistic elements such as urban buildings 

and landscapes. By training the generator to generate fake city images and then judging their 

authenticity through a discriminator, the generator can produce increasingly realistic city images after 

multiple iterations of training. 

3.4.  Deep Reinforcement Learning Network (DRL) 

Deep reinforcement learning combines the advantages of deep learning and reinforcement learning, 

enabling agents to learn complex decision-making processes. Research has shown that DRL has also 

succeeded in applications such as robot control, computer vision, natural language processing, 

healthcare, and game theory [12]. In virtual cities, DRL can be used to train intelligent transportation 

systems, optimize traffic signal control strategies, or train intelligent agents in virtual cities for 

autonomous navigation and task completion. 

3.5.  Transformer network 

Transformer is a neural network structure based on a self-attention mechanism, which has a strong 

learning ability for long-distance dependencies, strong multimodal fusion ability, and more 

interpretable models. It can play a significant role in image classification, object detection, image 

segmentation, recognition tasks, image enhancement, image generation, and video processing [13]. 

Transformer networks can play various roles in virtual cities, mainly due to their powerful sequence 

modelling ability and self-attention mechanism, which can be applied to time series prediction in 

virtual cities, such as predicting traffic flow, crowd flow, urban event detection, energy consumption, 

etc. 

3.6.  Autoencoder 

Autoencoder is an unsupervised neural network model that can automatically learn practical abstract 

features from unlabeled samples, commonly used for data dimensionality reduction or feature learning. 

In virtual city construction, autoencoders can help extract key features of city images or data for 

subsequent modeling and analysis [14, 15]. 
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3.7.  Capsule Networks 

In October 2017, the proposal of capsule networks caused a considerable sensation in the academic 

community and was once considered a theoretical alternative to convolutional neural networks. Firstly, 

it replaces the max pooling method in convolutional neural networks with dynamic routing algorithms, 

which can avoid the loss of more important information. Secondly, its output is in the form of vectors, 

representing not only the size of the input response but also its direction or attitude information. 

Moreover, capsule networks require much less data than convolutional neural networks to achieve 

good results [16]. 

4.  Algorithm optimization and model improvement 

In order to further improve the accuracy and efficiency of virtual city construction, we need to 

optimize and improve the selected neural networks and algorithms. For example, the model’s 

generalization ability and convergence speed can be improved by adjusting the network structure, 

optimizing the loss function, and introducing regularization terms. In addition, advanced technologies 

such as ensemble learning and transfer learning can enhance the model’s stability and adaptability. 

4.1.  Algorithm optimization and improvement using natural language algorithm models as an 

example 

Taking the analysis of natural language algorithm models as an example, the selection and 

optimization of neural networks and algorithms is a crucial process that directly affects the 

performance and accuracy of the model. In natural language processing, commonly used neural 

network models include Recurrent Neural Network (RNN), Long Short Term Memory Network 

(LSTM), and Transformer. These models perform well in processing sequential data and can capture 

contextual information in text. After selecting the appropriate neural network model, it is also 

necessary to optimize the algorithm to improve the performance of the model. By conducting thorough 

study and implementing proper parameter initialisation, the training process of neural networks can be 

expedited. Implementing a learning rate decay approach to dynamically modify the learning rate in 

order to accommodate varying training stages; Utilising methods such as L1 regularisation, L2 

regularisation, and dropout to improve the model's capacity to generalise; Optimise the parameter 

update technique to minimise the model's loss function and enhance the speed and accuracy of 

convergence. Terminate the training process once the validation error starts to rise in order to avoid 

overfitting the model.By comprehensively applying optimization and improvement measures, we can 

significantly improve the performance and accuracy of natural language processing algorithm models, 

providing stronger support for practical applications [17-19]. 

4.2.  The specific application of method optimization and model improvement in virtual city 

construction 

In the construction of virtual cities, we can also draw inspiration from algorithm optimization and 

model improvement strategies in natural language processing. For example, using models such as 

RNN, LSTM, or Transformer, we can better simulate urban dynamic changes and capture 

dependencies in time series data. By using parameter initialization, learning rate adjustment, and 

regularization techniques, the training efficiency and model’s generalization ability can be improved, 

ensuring the stability and authenticity of the virtual city. In addition, introducing integrated learning 

and transfer learning strategies can accelerate the model's adaptation process in new scenarios and 

improve the flexibility and scalability of virtual city construction. 

4.3.  Building virtual urban life based on the combination of multiple models 

In February 2024, OpenAI released its first AI video model Sora, while Google also released an 

updated version of Gemini 1.5, from Pika and Gemini 1.0 to Sora and Gemini 1.5. The continuous 

breakthroughs in AI multimodal models have brought new development opportunities for the 

technology of building virtual cities. The key to combining multiple models is integrating different 
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data models and algorithms to build a comprehensive virtual city framework, creating a more realistic, 

rich, and interactive urban experience. 

The key to combining multiple models lies in integrating different data models and algorithms. 

This includes multiple aspects such as geographic information models, building models, population 

behavior models, and transportation models. Geographic information models describe the spatial 

layout and geographical features of cities; Building models create various types of buildings and 

facilities in virtual cities; The population behavior model simulates the daily activities and interactive 

behavior of virtual residents; The traffic model simulates the traffic flow and management of cities. By 

integrating these models, we can build a comprehensive virtual city framework that provides users a 

richer and more authentic urban experience. 

5.  Conclusion 

This study explores multiple levels of constructing virtual cities based on deep learning. It provides a 

detailed analysis of the specific applications of technologies such as deep learning and neural networks 

in virtual city construction. At the same time, it explores the practical utility of algorithm optimization 

and model improvement. Through in-depth research, it has been found that deep learning has 

demonstrated outstanding capabilities in capturing urban features and optimizing the generation and 

rendering of virtual cities, providing innovative solutions to overcome the challenges in virtual city 

construction. Looking ahead to the future, with the deep integration and application of cutting-edge 

technologies such as virtual reality, augmented reality, artificial intelligence, cloud computing and big 

data processing, quantum computing, etc., we are confident in injecting more substantial technological 

power into the development of virtual cities, in order to create more realistic, intelligent, and 

sustainable virtual cities, and contribute more to the development of human society. 
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