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Abstract. With the acceleration of urbanization, urban planning is facing many challenges, such as
the rational use of land resources, the protection of the ecological environment, and the improvement
of residents' quality of life. Remote sensing technology, as an efficient and wide-ranging data
acquisition method, can provide high-resolution, multi-temporal urban spatial information, offering
new solutions for urban planning. This paper aims to study the current application of remote sensing
technology in urban planning, focusing on the application status and research progress in three
aspects: land use classification, heat island effect assessment, and green space ratio extraction.
This paper concludes that remote sensing technology has significantly improved the scientific nature
and efficiency of urban planning, providing strong support for urban sustainable development.
However, it still has limitations in terms of data fusion complexity and high costs. Future research
should focus on optimizing the application of remote sensing technology, developing efficient data
fusion algorithms, combining artificial intelligence to achieve data automation processing, integrating
multi-source data to enhance information comprehensiveness, and strengthening satellite remote
sensing technology research and development to improve data timeliness and update frequency.
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1. Introduction

With the continuous development of China's economy and the acceleration of urbanization, the
economic scale and population density of cities are constantly expanding, and the importance of urban
planning is increasingly highlighted. At present, China is in a critical period of urbanization. How to
plan and construct scientifically and rationally to make cities become modern cities with complete
facilities, convenient management, and beautiful environment is the main task of urban planning and
construction [1]. As a key means to deal with these challenges, urban planning needs to accurately
and comprehensively grasp the spatial information of cities, including the current land use, ecological
environment status, and traffic flow distribution. Traditional urban planning methods mainly rely on
field surveys and static data, which are not only time-consuming and labor-intensive but also fail to
meet the needs of dynamic monitoring and refined management. In recent years, with the continuous
development of remote sensing technology, its application in urban planning has attracted more and
more attention. Remote sensing technology can update basic data and extract thematic information
about planning elements, providing precise and up-to-date basic data for urban planning. In addition,
remote sensing technology can also use remote sensing satellite images to compile high-precision
urban orthophoto maps, providing planners with an intuitive view of the current urban landscape [2].

The application of remote sensing technology in urban planning mainly focuses on land use
classification, urban heat island effect assessment, and urban green space ratio extraction. In terms of
land use classification, remote sensing technology, with its high-resolution and multi-temporal data,
provides the relevant basis for the rational allocation of urban land resources [3]. In terms of urban
heat island effect assessment, remote sensing technology, which can provide large-scale and high-
resolution surface temperature data, can more accurately monitor the distribution and intensity of
urban heat islands, providing scientific support for the formulation of urban cooling measures [4]. In
addition, remote sensing technology can also be used for the extraction of urban green space ratio.
High-resolution remote sensing technology can clearly reflect the details of urban green space,
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providing high-quality data support for the extraction of green space ratio and offering data support
for the protection and optimization of the urban ecological environment [5].

In summary, remote sensing technology provides an efficient and scientific method for urban
planning, which can significantly improve the scientific nature and efficiency of urban planning and
provide strong support for the sustainable development of cities. This paper divides urban planning
into three major parts: land use classification, urban heat island effect, and urban green space ratio
extraction. By combining the current application of remote sensing technology in these three aspects,
the paper analyzes its advantages and disadvantages and puts forward suggestions for future research.
Through the research of this paper, it is hoped to provide a scientific basis for urban planners and
decision-makers and promote the further application and development of remote sensing technology
in the field of urban planning.

2. The Current Status of Remote Sensing Technology Applications in Urban
Planning

As the country continues to develop and urbanization progresses, the shortage of land resources,
the temperature difference between urban and rural areas, and the ecological environmental problems
in cities are becoming increasingly prominent. This section will analyze the current development
status from three major aspects of urban planning: land use classification, urban heat island effect
assessment, and urban greening rate extraction.

2.1. Land use classification

With the acceleration of urbanization, the population density of urban land has increased
significantly, and the available land resources have been continuously decreasing, making the scarcity
of land resources more pronounced [6,7]. Therefore, the accuracy and timeliness of land use
classification have become particularly important for urban planning and management. Remote
sensing technology, as an efficient and wide-ranging data acquisition method, can provide high-
resolution, multi-temporal urban spatial information. By using this technology, we can divide vast
land cover areas into different categories, offering a new solution for land use classification [8,9].

Currently, many scholars have researched land use classification using remote sensing technology.
Liu Jianjun et al. [10] used high-resolution WorldView-11 satellite imagery to monitor land changes,
achieving a verification accuracy of 90.16%, which improved classification accuracy. However, the
spectral information of a single remote sensing data is limited, making it difficult to obtain
comprehensive spectral information and accurately identify and classify land features. Multi-source
remote sensing data fusion technology, which integrates the advantages of various remote sensing
data, can enhance classification accuracy. Wang Yan et al. [11] introduced several fusion techniques
that improve image resolution and information transparency. Wavelet transform fusion, for example,
can enhance spatial resolution while maintaining hue and saturation, which is of great significance
for classification. Combining optical remote sensing imagery [12] with radar remote sensing imagery
[13] leverages the strengths of both to accurately identify land types. Computer-aided classification
algorithms, such as Support Vector Machine (SVM) [14] and Random Forest [15], efficiently process
data and improve classification efficiency.

2.2. Urban heat island effect

The Urban Heat Island (UH]I) effect refers to the phenomenon where urban areas experience higher
temperatures compared to the surrounding rural areas. The increase in urban temperatures can impact
residents’ health, reduce the level of comfort, and increase energy consumption, posing greater
challenges to urban sustainable development. The Urban Heat Island Intensity (UHII) is the
temperature difference between urban and rural areas, which can better assess the UHI [16]. With the
acceleration of urbanization, the UHI issue has become more prominent and a hot topic in social
research.
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Remote sensing technology, capable of providing large-scale and high-resolution land surface
temperature data, has become an important means of assessing the UHI. High-resolution remote
sensing images, such as ETM+ and Landsat 8, can reflect the distribution of urban land surface
temperatures. Li Kun and Yu Zhuang [17] used ETM+ images to invert the land surface temperature
in Wuhan City and, in combination with parameters such as the Normalized Difference Vegetation
Index (NDVI), found that irrational urban layouts and human activities are the main causes of the
UHI. The Landsat series of satellites (such as Landsat 7, Landsat 8, etc.) can operate two multispectral
sensors for land imaging and thermal infrared imaging [18]. Tang Fei and Xu Hanqiu[19] used
Landsat TM images to analyze the spatiotemporal changes of the UHI in the Cangxia area of Fuzhou
City from 1986 to 2006 and found that rational planning can significantly alleviate the UHI. Multi-
temporal remote sensing data analysis provides the possibility for dynamic monitoring of the UHI.
By comparing land surface temperature data at different time points, Tang Fei and Xu Hangiu found
that the UHI proportion index (URI) in the Cangxia area of Fuzhou City decreased from 0.648 to
0.245, indicating a significant alleviation of the UHI. This kind of analysis can reveal the dynamic
changes of the UHI and provide a scientific basis for urban planning. In addition, remote sensing
technology can also be combined with other indicators for a comprehensive analysis of the UHI. The
NDVI and the Naturalistic Developmental Behavioral Interventions (NDBI) can reflect the impact of
vegetation cover and building density on the UHI. The reduction of vegetation is an important cause
of the urban heat island effect, leading to an increase in local land surface temperatures. Li Kun and
Yu Zhuang, through a comprehensive analysis of land surface temperature [20], NDVI, and NDBI
indicators, proposed targeted underlying surface improvement measures. Weng et al. [21] used
ASTER data to study the impact of urban planning, seasonal changes, and other factors on the
heterogeneity of land surface temperature and found that land surface temperature is related to the
landscape pattern of residential land planning areas.

2.3. Urban green space ratio

The acceleration of urbanization has led to the destruction of the ecological environment, which
also involves issues related to residents' quality of life and social equity. Therefore, in the process of
urban development, rational planning and protection of green spaces and the improvement of urban
greening rates have become important tasks for achieving sustainable development. Among these,
the urban greening rate is a key indicator for measuring the quality of the urban ecological
environment. High-resolution remote sensing technology has provided an efficient means for the
extraction of urban greening rates, and significant progress has been made in this area in recent years.

High-resolution satellite images, such as those from QuickBird, can reflect the details of urban
green spaces, providing high-quality data support for the extraction of greening rates. Shi Yuhua [22]
pointed out that the high resolution and multispectral characteristics of QuickBird images have
obvious advantages in land use classification and topographic map updating. Additionally, Xu Jianhui
and Su Ya[23] found that the high spatial resolution and rich spectral information of QuickBird
images perform well in the extraction of urban green space information, effectively improving the
extraction accuracy. Image preprocessing is an important part of the application of high-resolution
remote sensing images, including geometric correction, registration, fusion, and enhancement. Shi
Yuhua introduced in detail the preprocessing methods for QuickBird images. Through band selection,
resolution fusion, and image enhancement, the visual effect and classification accuracy of the images
were significantly improved. Additionally, Xu Jianhui and Su Ya, through geometric correction and
registration, fused the panchromatic and multispectral images of QuickBird, further improving the
image quality. The development of automated extraction technology is an important trend in the
application of high-resolution remote-sensing images. Deng Xiaofei and Yang Cunjian[24], through
spectral knowledge discovery and dual-threshold segmentation, achieved automated extraction of
high-resolution remote sensing images, significantly improving extraction efficiency and reducing
human intervention. For example, when extracting farmland information, the extraction accuracy
reached 99.1% using the dual-threshold segmentation method.
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3. Challenges

Despite the great application potential of remote sensing technology in urban planning, there are
still some deficiencies in its development. For example, the classification accuracy of high-resolution
images in practical applications can be affected by a variety of factors. In addition, the complexity of
data fusion is relatively high, and the fusion of multi-source remote sensing data requires professional
technical knowledge and advanced processing equipment.

3.1. The Need for Classification Accuracy and Algorithm Improvement

Although high-resolution images provide abundant information, the classification accuracy can
still be affected by various factors in practical applications. For example, weather conditions and
sensor noise can impact the quality of remote sensing data, thereby reducing the accuracy of
classification. Moreover, some subtle changes in land use may be difficult to accurately monitor and
classify using existing remote sensing technologies, necessitating further improvements in algorithms
and technical approaches. For instance, in the study by Xu Jianhui and Su Ya [23], the extraction
accuracy of the supervised classification method was only 45.3%, indicating that traditional
supervised classification methods struggle to achieve satisfactory results in high-resolution images.

3.2. The Complexity of Data Fusion and Processing

Data fusion is a crucial aspect of applying remote sensing technology in urban planning, yet it is
highly complex. The integration of multi-source remote sensing data requires specialized technical
knowledge and advanced processing equipment. For instance, when fusing optical remote sensing
images with radar remote sensing images, issues such as data registration, correction, and selection
of fusion algorithms need to be addressed, all of which demand specialized technical knowledge and
experience [10]. Errors may accumulate during the data fusion process, affecting the accuracy and
reliability of the final classification results. Moreover, differences in data format, resolution, and
spectral bands among various data sources necessitate complex preprocessing and fusion operations
[22].

4. Suggestions for Future Development

Further research and development of more efficient multi-source remote sensing data fusion
algorithms are needed, such as improved Principal Component Analysis (PCA) transformation fusion
and wavelet transformation fusion. These methods can better combine the advantages of different
types of remote sensing data, such as optical and radar data. This will enhance the spatial and spectral
resolution of the fused data, reduce error accumulation, increase the transparency of information in
images, and improve the accuracy and reliability of interpretation [25].

Integrate artificial intelligence and machine learning technologies, such as neural networks and
deep learning, to achieve automated preprocessing, feature extraction, and classification of remote
sensing data. This will improve processing efficiency and accuracy while reducing human
intervention. For example, Convolutional Neural Networks (CNNs) can be used to automatically
extract features from remote sensing images, enhancing the accuracy of land use classification and
urban heat island effect assessment [26].

Integrate multiple remote sensing data sources. Satellites such as IKONQOS, QuickBird, and
WorldView are capable of acquiring high spatial resolution remote sensing images [27,28]. In
addition to these satellite data, UAV remote sensing data and ground monitoring data can be
integrated to form a multi-source data integration system, which can provide more comprehensive
and accurate urban spatial information. For example, UAV remote sensing can be used to obtain high-
resolution data for specific local areas, which can be used to validate and refine the results obtained
from satellite remote sensing [29].

Strengthen the research and development of satellite remote sensing technology to shorten the
acquisition cycle of satellite remote sensing images and enhance the timeliness of data, thereby better
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meeting the demand for dynamic monitoring in the rapidly changing urban environment. Meanwhile,
establish a real-time data update mechanism to ensure that remote sensing data remains consistent
with the actual situation of the city, providing the latest data support for urban planning.

Therefore, future research needs to integrate multiple remote sensing data sources, improve the
accuracy of data fusion, optimize fusion algorithms, combine artificial intelligence and machine
learning technologies, and strengthen the research and development of satellite remote sensing
technology.

5. Conclusion

This paper explores the application of remote sensing technology in urban planning, with a focus
on land use classification, urban heat island effect assessment, and urban greening rate extraction.
The study finds that remote sensing technology, with its high-resolution and multi-temporal
characteristics, significantly enhances the scientific nature and efficiency of urban planning. In land
use classification, high-resolution images and multi-source data fusion techniques improve
classification accuracy, but the complexity and high cost of data fusion limit their widespread
application. In terms of urban heat island effect assessment, remote sensing technology combined
with indicators such as NDVI and NDBI can comprehensively evaluate the heat island effect.
However, data accuracy is affected by various factors, and the update frequency needs to be improved.
For urban greening rate extraction, high-resolution images and classification methods based on
vegetation indices improve extraction accuracy. Yet, data preprocessing and fusion still require
professional technology and equipment, and issues of cost and data updates need to be addressed
urgently.

Based on the development status of remote sensing technology in various fields of urban planning
and analysis of its limitations, we conclude that future research should focus on optimizing the
application of remote sensing technology, developing efficient data fusion algorithms, combining
artificial intelligence to achieve automated data processing, integrating multi-source data to enhance
information comprehensiveness, and strengthening the research and development of satellite remote
sensing technology to improve data timeliness and update frequency. Through these improvements,
remote sensing technology will better meet the needs of urban planning and provide stronger support
for urban sustainable development.
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