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Cities based on oil and gas energy resources are crucial to energy production and
economic development, but they also face various disasters and security risks. To
ensure the safety and well-being of urban residents during disaster events, the
planning of urban shelters is crucial. In this paper, comprehensively considering
multiple factors such as disaster risk, population distribution, and convenient
transportation, the artificial bee colony algorithm is used to optimize the site
selection and capacity planning of shelters. By comprehensively evaluating the
disaster resistance capacity of urban refuges, the response speed of residents and
other related indicators, the planning algorithm of refuges is continuously
optimized to better meet the needs of oil and gas energy resource-based
cities. The results of the study showed that the average overall disaster
resilience of AI-based urban shelters reached 0.64. When the distance to the
shelter was 4 km, the average response speed of residents reached 10.22 min, and
other indicators also improved. The research shows that the oil and gas energy
urban refuge planning algorithm based on the artificial intelligence elastic city
model provides an innovative approach for urban planners and disaster managers.
Further research and practice will help promote the application of this algorithm in
real cities, improving the resilience and disaster resistance of cities and the safety
and security level of residents.
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1 Introduction

In recent years, oil and gas energy resource-based cities have faced an increasing number
of disasters and emergency threats, such as fires, gas leaks and earthquakes. These disasters
not only pose risks to the life safety of urban residents, but may also cause huge economic
losses and environmental damage. When facing these challenges, it is crucial to plan and
layout shelters for oil and gas energy resource-based cities in a reasonable manner. However,
traditional shelter planning methods often lack flexibility and comprehensiveness, and are
unable to cope with complex and ever-changing disaster scenarios and urban characteristics.
Therefore, this article discusses a planning algorithm for shelters in oil and gas resource-
based cities based on the artificial intelligence resilient city model. This algorithm combines
the concepts of artificial intelligence and resilient cities, aiming to improve the resilience and
adaptability of shelters through intelligent decision-making and optimization methods to
cope with different types of disasters and emergencies.
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The development of artificial intelligence has promoted progress
in many fields and to some extent improved people’s lives. Zhuomin
Sun believed that artificial intelligence education was defined as the
utilization of artificial intelligence in the field of education. By
developing a deep learning assisted online intelligent English
teaching system and creating a modern tool platform, students
could improve their English teaching efficiency and match it with
their mastery of knowledge and personality (Sun et al., 2021).
Benjamin H. Kann considered that artificial intelligence could
integrate and integrate data collected from clinical oncology, infer
patterns and predict results to improve shared patient and clinical
physician decision-making (Kann et al., 2021). Anirbid Sircar
reckoned that the oil and gas industry faced some challenges and
problems in data processing and machine learning and artificial
intelligence could solve problems in the oil and gas industry (Sircar
et al., 2021). Imran Ahmed proposed that artificial intelligence could be
considered a major component of industrial transformation, enabling
intelligent machines to autonomously perform tasks such as self-
monitoring, interpretation, diagnosis and analysis. Artificial
intelligence based methods, especially machine learning and deep
learning, supported manufacturers and industries in predicting their
maintenance needs and reducing downtime (Ahmed et al., 2022). Bo
Zhang thought that it was necessary to establish a new interpretable and
robust artificial intelligence theory to develop safe, reliable and scalable
new artificial intelligence technologies (Zhang et al., 2023). Araz
Taeihagh considered that the new applications of artificial
intelligence provided opportunities to improve economic efficiency
and quality of life, but they also had unexpected consequences. To
minimize adverse risks, governments around the world needed to better
understand the scope and depth of the risks posed and developed
regulatory and governance processes and structures to address these
challenges (Taeihagh, 2021). These scholars’ research on artificial
intelligence involves fields such as education, healthcare and
industry, but does not involve the planning of urban shelters.

The construction of cities has promoted social development, but
the gathering of a large population also brings hidden dangers. The
establishment of shelters can ensure the safety of urban residents. Jia
Yu believed that timely and safe evacuation of residents to nearby
urban emergency shelters was crucial in unexpected disaster events.
However, evacuation and allocation of shelters were rarely reviewed
as a whole and there were certain issues with the spatial allocation of
shelters. Optimizing the spatial allocation of shelters might help
local residents evacuate faster and safer (Jia et al., 2018). Javad Junian
considered that earthquakes were notorious destructive natural
disasters that could lead to tragic deaths and economic losses.
Building earthquake shelters was an effective way to reduce
earthquake consequences and protect lives (Junian and Azizifar,
2018). A. Kimms reckoned that the purpose of urban evacuation
plans was to minimize overall danger under various restrictions,
such as rescuing all evacuees, but was affected by many
uncertainties. He also proposed a special path algorithm that
could generate evacuation paths according to special
requirements (Kimms and Maiwald, 2018). Wei Xu thought that
accurate positioning and allocation of disaster emergency shelters
were key components of effective urban planning and emergency
management (Xu et al., 2018). These scholars’ research has
promoted the development of shelters, but there is a lack of
integration with artificial intelligence.

The goal of this article is to optimize the location, capacity
planning and facility configuration of oil and gas energy
resource-based urban shelters through artificial bee colony
algorithm. Meanwhile, taking into account the requirements of
spatial layout and safety design, the disaster resistance ability of
shelters and the safety of residents are ameliorated. Through the
application of this algorithm, it is expected to provide an
innovative method for the planning of shelters in oil and gas
energy resource-based cities, improve the resilience and response
capacity of cities and ensure the safety and wellbeing of residents
in disasters and emergencies. This article introduces the key
ideas, methods and implementation steps of the proposed
algorithm for planning shelters in oil and gas energy resource-
based cities based on the artificial intelligence resilient city
model, evaluating the performance and effectiveness of the
algorithm through experimental verification. Finally, the
advantages and application prospects of this algorithm are
discussed and possible improvements and future research
directions are proposed. Through the research in this article,
it is expected to provide practical and effective decision-making
support for the planning of shelters in oil and gas energy
resource-based cities and make positive contributions to urban
disaster management and social security.

2 Overview of resilient city models

2.1 Resilient city model

The resilient city model is a concept of urban planning and
management aimed at improving the adaptability and resilience
of cities in the face of various pressures and impacts. These
pressures and impacts may include natural disasters (such as
earthquakes, floods and hurricanes), climate change, human
accidents (such as terrorist attacks and industrial accidents)
and socio-economic changes. The resilient city model
emphasizes the sustainability and resilience of a city to ensure
that it can maintain its function and operation in the face of
pressure and can quickly return to normal state (Meerow et al.,
2019; Sara and Joshua, 2019).

This model involves multiple aspects of planning and
management, including the following key elements: multi-
functional infrastructure: The resilient city model advocates
the construction of multi-functional infrastructure, which can
not only meet daily needs but also perform other functions in
emergency situations. For example, a building can be used as an
office building or a school, but it can also serve as a shelter in the
event of a disaster; multi source energy supply: The resilient city
model encourages cities to adopt multi source energy supply to
reduce dependence on a single energy source. This includes
utilizing renewable energy and energy reserve systems to
ensure that cities can maintain operations in the event of
energy supply disruptions; community participation and
cooperation: The resilient city model emphasizes community
participation and cooperation, encouraging residents to
participate in urban planning and decision-making processes.
This can enhance the cohesion and unity of the community,
making the community work together to respond and recover in
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the face of crises; data-driven decision-making: The resilient city
model advocates the use of data and information technology to
support decision-making. By collecting, analyzing and utilizing
urban data, it is possible to better understand the vulnerability and
potential risks of cities and take corresponding measures to enhance
their resilience (Moreno et al., 2021); disaster risk management: The
resilient city model emphasizes the importance of disaster risk
management in disaster risk management. This includes measures
such as conducting risk assessments, establishing emergency
response mechanisms, improving disaster warning systems and
strengthening the seismic capacity of buildings and infrastructure to
reduce losses caused by disasters.

The resilient city model is a comprehensive concept aimed at
establishing sustainable, resilient and adaptable cities. By
comprehensively considering factors such as urban planning,
infrastructure construction, community participation and disaster
management, the resilient city model can enhance the city’s response
capacity, reduce risks and improve the quality of life of residents.

2.2 Artificial intelligence resilient city model

Artificial intelligence plays an important role in resilient city
models. Artificial intelligence technology can provide support for
urban planning, management and disaster response, improving the
resilience and adaptability of cities. The application of artificial
intelligence in resilient city models includes data analysis and
prediction. Artificial intelligence can analyze large-scale urban data,
including meteorological data, traffic data, population data, etc., to
predict potential disasters and risks. Through machine learning and
data mining techniques, potential threats faced by cities can be
identified. Preventive and disaster reduction measures can be taken
in advance. For smart energy management, artificial intelligence can be

used for urban energy management to improve energy efficiency and
sustainability by optimizing energy allocation and consumption.
Technologies such as smart grid management, energy demand
forecasting and distributed energy systems can provide flexibility
and resilience to respond to changes in energy supply and
emergencies. With the most important aspect of intelligent disaster
management, artificial intelligence can play a crucial role in disaster
management. Through intelligent sensor networks and data analysis,
natural disasters such as earthquakes, floods and storms can be
monitored and warned in real-time. Technologies such as intelligent
emergency response systems and intelligent rescue robots can improve
the efficiency and accuracy of disaster response. In urban planning and
design, artificial intelligence can support the process of urban planning
and design, providing multiple solutions and decision support through
simulation and optimization algorithms. Intelligent city modeling can
evaluate the resilience and feasibility of urban planning schemes,
helping decision-makers make better decisions. The artificial
intelligence resilient city model is shown in Figure 1.

The use of artificial intelligence in resilient city models can help
improve the responsiveness of cities, reduce risks and improve the
quality of life of residents. However, attention also needs to be paid
to the ethical and privacy issues of artificial intelligence to ensure
that the technology is used ethically and legally.

3 Theoretical basis and development of
urban shelter planning

3.1 Theoretical basis for urban shelter
planning

The purpose of urban shelter planning is to ensure the life
safety and wellbeing of urban residents in the event of a disaster,

FIGURE 1
Artificial intelligence resilient city model.
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emergency or other dangerous event. Therefore, the theoretical
basis of urban shelter planning mainly involves: disaster
management theory, spatial planning theory, sociological and
psychological theory, engineering and architectural theory, as
shown in Table 1.

In summary, the theoretical foundation of urban shelter
planning encompasses theoretical knowledge from multiple
disciplines such as disaster management, spatial planning,
sociology and psychology, engineering and architecture. These
theories provide guidance for planners to develop appropriate
shelter planning strategies to respond to various disasters and
emergencies faced by cities.

3.2 Development of urban shelter planning

The development of urban shelter planning is one of the
important issues in the fields of disaster management and urban
planning. With the impact of factors such as climate change,
frequent natural disasters and population growth, the planning of
urban shelters is receiving increasing attention. The planning of
urban shelters is developing towards multi-functionality,
sustainability, community participation, technological
innovation and cross departmental cooperation, as shown in
Table 2.

4 Planning of shelters in oil and gas
energy resource-based cities

4.1 Planning concept of shelters in oil and
gas energy resource-based cities

In the planning of shelters in oil and gas energy resource-based
cities, many factors need to be considered. The primary principle of
shelters is to ensure the safety of residents. This includes selecting
safe locations, avoiding potential natural disasters and industrial
accident risks, as well as adopting seismic, fire prevention and other
related facilities and measures. The shelter should also have
sufficient capacity to accommodate the residents and staff of the
city. Meanwhile, it is necessary to consider the needs of different
groups, such as the elderly, children and people with disabilities and
provide facilities and services that meet various needs (Su et al.,
2023). Secondly, the planning of shelters should consider
sustainability principles, including energy conservation, effective
resource utilization and environmental protection. It adopts
measures such as renewable energy, water resource management
and waste disposal to reduce their impact on the environment. Basic
living facilities and services, such as food, water, sanitation, medical
services and emergency communication systems, should also be
considered to provide psychological support, education and
entertainment services to meet the needs of residents.

TABLE 1 Theories of urban shelter planning.

Theory’s name The role of theory in urban shelter planning

Disaster Management The theory of hazard management provides the foundation for shelter planning, helping to determine the needs, location selection and
functional planning of shelters.

Spatial Planning The spatial planning theory can guide the site selection, spatial layout and architectural design of shelters and ensure the reasonable
distribution and convenient reachability of shelters in the city.

Sociology and Psychology Understanding people’s behavior and needs in emergency situations, as well as their acceptance and adaptability to shelters, can help
planners design more inclusive and humane shelters

Engineering and Architecture Reasonable structural design and selection of building materials can enhance the disaster resistance and safety of shelters, while
sustainable design principles can promote the effective utilization of resources and environmental protection.

TABLE 2 Development trends of urban shelter planning.

Trends Significance

Multi-functionality During non disaster periods, shelters can be used as public spaces, community centers, or sports facilities, which can better utilize
resources and improve the sustainability and social benefits of the place.

Sustainability In architectural design, energy conservation, water resource management and waste treatment are considered to reduce environmental
impact. Rainwater collection systems and renewable energy facilities are established around shelters to improve the self-sufficiency of
the site.

Community participation Residents participate in the planning process and provide opinions and suggestions on the location, function and design of the site to
enhance the community’s sense of identity and closeness, ensuring that the site meets the needs of local residents.

Technological innovation Intelligent building systems can improve the automation and operability of shelters. Emergency communication and alarm systems can
provide faster and more accurate information transmission. Drones and remote sensing technology can be used to monitor and evaluate
disaster situations.

Cross departmental cooperation Urban planning departments, disaster management agencies, architectural designers, community organizations and civil society need to
work closely together to develop comprehensive plans and policies to ensure the effective operation and management of shelters.

Overall, the development trend of urban shelter planning is towards multifunctional, sustainable, community participation, technological innovation and cross departmental cooperation. These

trends aim to enhance the resilience and disaster response capabilities of cities, protect the safety and property of residents and achieve sustainable urban development.
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The site selection of shelters should also take accessibility and
traffic connectivity into consideration and choose locations close
to residential areas, transportation hubs and emergency service
facilities to ensure that residents can quickly reach the shelters
and provide necessary transportation tools and route planning.
Shelters should be closely integrated with disaster management
and emergency response mechanisms, cooperating with local
governments, rescue agencies and relevant departments to
establish emergency evacuation plans, warning systems and
emergency communication networks to ensure timely and
effective response to disasters and emergencies. The planning
process of shelters should actively promote community
participation and education. It is advisable to encourage
residents to participate in the planning process, provide
relevant training and drills, enhance residents’ awareness and
abilities, enable them to understand the importance of shelters
and correctly utilize and protect these places in emergency
situations.

These factors provide guidance for the planning of shelters in oil
and gas energy resource-based cities and help ensure that cities can
provide safe shelter and support the needs of residents in the face of
emergencies and disasters. In the planning process, it is necessary to
comprehensively consider the local special environment and needs
and collaborate with relevant stakeholders to develop specific
planning plans that are suitable for the local situation.

4.2 Spatial planning system for shelters in oil
and gas energy resource-based cities

The spatial planning system of shelters in oil and gas energy
resource-based cities needs to consider the following aspects: 1)
distribution of shelters: It should be distributed in various areas of
the city to cover the entire population. The location of the shelter
should take into account residents in densely populated areas,
industrial areas and important facilities to ensure that they can
quickly reach the shelter; 2) location selection: It requires
consideration of geographical conditions, geological conditions
and potential natural disaster risks when choosing shelter. Shelter
should be kept away from earthquake fault zones, flood areas and
other potential hazardous areas. Besides, its location should be
convenient for transportation and material supply; 3) capacity
and functionality: The shelter should have sufficient capacity to
accommodate the scale of urban residents. Based on the size and
population density of the city, it is necessary to determine the size
and number of shelters. Besides, shelters should also have basic
living facilities, such as drinking water facilities, sanitation facilities,
medical facilities and emergency communication equipment; 4)
building structure and safety facilities: The building structure of
the shelter should have safety performance such as earthquake
resistance, fire prevention and explosion prevention. Buildings
with sturdy structures and high durability should be selected as
shelters. Besides, shelter should be equipped with safety facilities
such as emergency lighting, firefighting equipment, emergency
water supply and power supply equipment. 5) multi-functionality
and sustainability: The planning of shelters should consider their
multi-functionality in non emergency situations, which can be used
as community centers, schools or cultural activity venues in daily life

to meet the diverse needs of residents. In emergency situations, they
can quickly transform into shelters to provide protection. Besides, it
should focus on sustainability, including energy conservation, water
resource management and waste disposal; 6) auxiliary facilities and
transportation connections: The planning of shelters should also
take into account the needs of auxiliary facilities and transportation
connections. This includes supporting facilities such as parking lots,
roads, pedestrian and bicycle lanes, as well as connections to the
public transportation system to facilitate residents’ access to shelters.

In summary, the spatial planning system of shelters in oil and
gas energy resource-based cities needs to comprehensively consider
factors such as geography, population and safety and be combined
with the overall planning and disaster management system of the
city to provide safe and reliable shelters, ensuring the safety and
protection of residents in emergency situations.

5 Planning algorithm for shelters in oil
and gas energy resource-based cities

5.1 Planning model for shelters in oil and gas
energy resource-based cities

The oil and gas energy resource-based urban shelter planning
model is a planning method that integrates urban characteristics,
disaster risks and residents’ needs. The basic framework of the oil
and gas energy resource-based urban shelter planning model is
shown in Figure 2:

The above is the framework of a basic oil and gas energy
resource-based urban shelter planning model, which needs to be
adjusted and refined according to the characteristics and needs of
the city for specific implementation. Meanwhile, sustainability and
environmental considerations, as well as coordination with other
urban planning and disaster management systems, also need to be
taken into account.

5.2 Artificial bee colony algorithm

Artificial bee colony algorithm is a heuristic optimization algorithm
developed from the behavior of bee colonies. It simulates the behavior of
bee populations in the process of searching for food, searching for the
optimal solution through information exchange and collaboration.
Artificial bee colony algorithm is widely used to solve various
optimization problems (Jun-qing and Yun-qi, 2020; Nouria and
Farhad, 2020). The basic principle of artificial bee colony algorithm is
as follows:

Initializing bee colony: At the beginning of the algorithm, a
random set of initial bee individuals (solution) is generated,
called “worker bees”. Each worker bee represents a candidate
solution:

Xi � xmin + rand 1.D( ) xmax − xmin( ) (1)
Among them, i � 1, 2, ..., SN/2; SN is the initial number of

generated bee sources; Xi is a D-dimensional vector.
Evaluating the fitness of bees: The fitness of each worker bee,

that is, the quality of the solution, is evaluated according to the
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objective function of the problem (Yin et al., 2017; Shan et al.,
2019).

Selecting greedy worker bees: According to the fitness value of
worker bees, some workers with better fitness are selected as “greedy
worker bees”. The greedy worker bees continue to search for nearby
solution spaces. m, n are Randomly selected and m ≠ n, with:

ui � xi h( ) (2)
um
i h + 1( ) � xm

i + rand 1,1( ) xm
i − xm

n( ) (3)
Following the search of worker bees: Each greedy worker bee

searches in the nearby solution space according to certain rules to
find a better solution. The search method can be local search, global
search or random search:

fiti � 1/1 + f x( ), f x( )≥ 0
1 + f x( )∣∣∣∣ ∣∣∣∣, f x( )< 0{ (4)

pi � 0.9
fiti

max fiti( ) + 0.1 (5)
um
i h + 1( ) � xm

i + rand 1,1( ) xm
max − xm

min( ) (6)
Selecting the reconnaissance bee: Besides the greedy worker bee, the

remaining worker bees are referred to as “reconnaissance bees”. They
randomly select a new solution for search to explore other regions of the
solution space (Deng et al., 2019; Zhao and Kok Foong, 2022).

Updating the location of worker bees: Based on search results,
the location of worker bees (solution) is updated. If the new solution
is better than the original solution, the location is update, otherwise
keep the original position unchanged.

Repeating the search process: Steps 3 to 6 is repeated until the
stop criteria are met, such as reaching the maximum number of
iterations or finding a satisfactory solution:

xm
i h + 1( ) � xm

min + rand 1,1( ) xm
max − xm

min( ) (7)
Through multiple iterations and information exchange between

worker bees, the artificial bee colony algorithm gradually converges to
the optimal solution. It has better global search ability and faster
convergence speed and is suitable for various types of optimization
problems, including function optimization, combinatorial optimization,
scheduling problems, etc. One advantage of artificial bee colony
algorithm is its simplicity and ease of implementation, but when
solving complex problems, parameter adjustments and problem
modeling need to be tailored to specific situations to achieve better
optimization results (Yu et al., 2022; Cao and Qian, 2023).

5.3 Application of artificial bee colony
algorithm in the planning of shelters in oil
and gas energy resource-based cities

Artificial bee colony algorithm can be applied in the planning of
shelters in oil and gas energy resource-based cities to optimize decision-
making in terms of location selection and capacity planning. For
example, optimizing the location of shelters by using artificial bee
colony algorithm can find the optimal location of shelters considering
multiple factors. The algorithm can consider factors such as disaster
risk, resident distribution and transportation convenience and gradually
optimize the location plan through the search behavior of individual
bees to achieve the optimal results. Optimization of capacity planning
for shelters with artificial bee colony algorithm can optimize the
capacity planning of shelters. The algorithm can dynamically adjust
the capacity of shelters based on population distribution and demand
analysis to satisfy the shelter requirement in different disaster scenarios.
Information exchange is achieved by allowing individual bees to search

FIGURE 2
Basic framework of the planning model of oil and gas energy resource-based urban shelter.
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for different capacity plans and gradually optimize capacity planning
results through information exchange and collaboration. In
optimization of facility and resource allocation, artificial bee colony
algorithm can be applied to optimize the configuration of facilities and
resources. The algorithm can consider different types of facilities and
resources, such as drinkingwater, food reserves,medical equipment, etc.
and optimize their allocation and configuration through the search
behavior of individual bees to meet the needs of shelters to the greatest
extent possible. For the optimization of spatial layout and safety design,
artificial bee colony algorithm can be applied to optimize the spatial
layout and safety design of shelters. The algorithms can optimize the
layout of different functional areas, such as residential areas, activity

areas, medical areas, etc., to maximize space utilization and improve
residents’ safety. Through the search and information exchange of
individual bees, the layout plan is gradually optimized to achieve
better results. In optimization of emergency response mechanism,
artificial bee colony algorithm can be applied to optimize the
emergency response mechanism of shelters. It can consider
optimization in terms of open and closed mechanisms, personnel
evacuation and transfer mechanisms, etc. By searching and
collaborating with individual bees, the optimal response strategy can
be found to improve the efficiency and accuracy of emergency response
(Guo, 2022; Wang, 2022).

The application of artificial bee colony algorithm in the shelter
planning in oil and gas energy resource-based cities can provide
faster, more accurate and comprehensive solutions, help decision-
makers make more reasonable decisions and improve the resilience
and adaptability of shelters. However, the specific application
methods and parameter settings need to be adjusted and
optimized according to the actual situation.

6 Comprehensive evaluation of shelters
in oil and gas energy resource-based
cities

The planning algorithm for oil and gas energy resource-based urban
shelters based on the artificial intelligence resilient city model has greatly
improved the disaster resistance ability of urban shelters. As shown in
Figure 3, a quantitative evaluation of the disaster resistance ability of urban
shelters was conducted. Themore prominent the disaster resistance ability
was, the higher the evaluationwas. The highest evaluation value was 1 and
a value greater than 0.6 indicated that the disaster resistance ability of
urban shelters was relatively excellent. The average resistance of oil and gas
energy resource-based urban shelters based on the artificial intelligence
resilience city model to disasters such as fire, gas leakage, explosion and

FIGURE 3
Resilience of urban shelters to disasters.

FIGURE 4
Emergency response speed of oil and gas energy resource-based urban shelter planning algorithm based on artificial intelligence resilient city
model.
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earthquake was 0.625, 0.745, 0.535 and 0.67, respectively. The average
overall disaster resistance of shelters was 0.64, indicating excellent disaster
resistance.

To test the improvement of the response speed of the bee colony
algorithm on urban shelters, people of different distances and ages were
selected for response speed testing. As shown in Figure 4, the bee colony
algorithm dispatched people within different ranges and selected
appropriate transportation methods (such as walking, car, etc.) for
distance and age to arrive at the shelter. The response speeds of 4 km
were the fastest at 10.07min, the slowest at 10.42 min and the average was
10.22min. The corresponding speeds for residents within 4 km were
basically around 10minutes, which ensured the personal safety of
residents to some extent.

The resource utilization efficiency, environmental impact index,
facility completeness, renewable energy utilization and community
participation assessment index of urban shelters based on artificial
intelligence have all improved compared to traditional shelters. As
shown in Figure 5, the highest score of the relevant evaluation criteria
was 100. Except for the environmental impact index, the higher the
score, the better the evaluation. The lower the environmental impact
index, the smaller the impact on the environment. The highest
improvement in community participation evaluation index was 56.
The improvement in facility integrity was the lowest, with an
improvement index of 20 and an average overall index increase of
31. It can be seen that urban shelters based on artificial intelligence have
higher resource utilization efficiency, higher community participation
and are more environmentally friendly.

7 Conclusion

The planning algorithm for shelter in oil and gas energy resource-
based cities based on the artificial intelligence resilient city model is a
research direction of great significance in the fields of urban planning
and disaster management. This study aims to propose a shelter
planning algorithm that comprehensively considers the
characteristics of oil and gas energy resource-based cities and
disaster risks, using artificial intelligence technology and the concept
of resilient cities, to enhance the city’s disaster response capacity and
residents’ safety and security. This article first proposed a resilient city
model based on artificial intelligence as the theoretical basis for shelter
planning. Then, artificial bee colony algorithmwas used to optimize the
location, capacity planning and facility configuration of the shelter.
However, the algorithm still has some limitations, such as the accuracy
and reliability of data are prerequisites for the implementation of the
algorithm, so it is necessary to establish a comprehensive data collection
and monitoring system. The algorithm comprehensively considered
factors such as disaster risk, population distribution and transportation
convenience to maximize the efficiency and adaptability of shelters.
Besides, the implementation of the algorithm also required close
cooperation and support from government departments, professional
institutions and community residents to ensure the effective
implementation of the plan. In summary, the planning algorithm
for shelters in oil and gas energy resource-based cities based on the
artificial intelligence resilient city model was a significant research work.
By comprehensively considering urban characteristics, disaster risks

FIGURE 5
Comparison of the indicators of artificial intelligence-based urban shelters and traditional shelters.
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and artificial intelligence technology, scientific decision-making support
can be provided for urban planners and disaster managers, improving
the resilience and disaster-resistance of cities. Future research can
further refine the details of the algorithm and apply and validate it
in practical cities to promote innovation and development in urban
shelter planning.
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