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Abstract 

 
Information on urban vegetation and land use is critical for sustainable 

environmental management in cities. In general, urban vegetation is important for 

urban planning because it helps to maintain a balance between the natural 

environment and the built-up region.  The assessment of the composition and 

configuration of the vegetation is important to highlight the urban ecosystem. 

Thus, obtaining information about urban vegetation is critical for developing a 

sustainable urban development strategy. Remote sensing is increasingly being 

used to generate such data for mapping and monitoring changes in urban 

vegetation. The aim of this study is to identify and classify vegetation using the 

high-resolution Pleiades satellite image in urban park areas using pixel-based 

image analysis. Pixel based method was applied and support vector machine 

algorithm was used for classification of urban vegetation. Comparison of 

accuracy was made from the error matrices, overall accuracy and kappa 

coefficient for vegetation and non-vegetation classes. The overall accuracy for 

the classification approach was 98.98% and a kappa value of 0.97. The result 

demonstrates the ability of high-resolution imagery to accurately extract urban 

vegetation despite the complex surface of the urban area. The findings can be 

used to support other research and applications related to urban green space 

monitoring, conservation, and future urban vegetation planning. 
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INTRODUCTION  
In general, urban vegetation provides critical ecological services to support 

sustainable development policies, environmental conservation, and the urban 

planning process s (Lehman et al., 2014; Wolch et al., 2014; Niemela, 2014). 

However, mapping and monitoring urban vegetation has emerged as a major 

concern for urban planners in terms of future development. (Puissant & Roger, 

2014; Wong et al., 2017). Urban vegetation is important for improving air, water, 

and land quality, as well as absorbing and mitigating carbon dioxide and other 

pollutants, lowering urban temperatures, and reducing storm water runoff (Pu, 

2009; Pu et al., 2006; Weng et al., 2004). Urban vegetation is substantially 

different from natural vegetation because of extensive human impact on their 

ecosystems (Rosina & Kopecke, 2016). Mapping and monitoring urban 

vegetation are critical tasks due to their functions such as air management, 

contribution to human well-being, and increasing the value of real estate in urban 

areas (Weber & Hirsch, 1992). Urban vegetation, such as urban trees, is an 

important tool for urban preservation because it serves a variety of social and 

environmental functions (Hamzah et al., 2018). According to Rosli et al., (2020), 

green spaces promote physical activity by providing free and easily accessible 

locations for active pastimes. Therefore, precise data on the state and structural 

change of these ecosystems is critical for formulating sustainable development 

strategies and enhancing urban settings (Song, 2005; Yang et al., 2003). The 

urban vegetation inventory system is created at the local level and is usually 

created through traditional methods such as field surveys. This information is 

only available to local coverage and is restricted to the public domain (Puissant 

& Rougier, 2014). As ecosystem services are important to understand, 

researchers are becoming more aware of the role of urban vegetation in 

sustainable urban ecosystems and the environment (Hashim et al., 2019).  

Furthermore, there is a need for proper planning in the urban vegetation 

monitoring program. The urban vegetation monitoring program is a management 

process that determines the performance status of trees based on an inventory of 

the number of trees, their condition, structure, and other quantitative or qualitative 

characteristics (Hamzah et.al., 2020). With the advancement of high-tech remote 

sensing, this technique can be used as a tool for integrated spatial planning in 

order to address urban challenges (Gasparovic & Dobrinic, 2020).  

Therefore, the mapping and monitoring of this urban vegetation is a 

major issue for planners towards sustainable development of an urban area. In 

this context, the objective of this work is to identify and classify urban vegetation 

from a very high resolution (VHR) optical image using conventional pixel-based 

classification approaches. This research focused on the extraction of vegetation 

and non-vegetation features in urban park areas. The methodology is developed, 

and its performance is evaluated on a dataset of the National Monument Park, 

Kuala Lumpur, and its surrounding area. This approach will provide relevant 
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information to support future conservation planning decision makers and 

researchers for urban green areas and urban vegetation areas. The structure of this 

research paper is divided into three sections, the introduction and literature 

review, the second section clarifies the methodology, and the third section 

presents the findings of this study.  

 

LITERATURE REVIEW 
Urban Park is a place with a natural environment located in the city area. This 

area contains various green vegetation species from low vegetation, medium and 

high vegetation such as grass, scrub and trees respectively. This area provides a 

place for various activities such as recreation, meditation, tourist attractions and 

a place to experience the beauty of nature (Razak et al., 2016). This space is ideal 

for a variety of activities such as recreation, meditation, tourist attractions, and 

experiencing nature's beauty (Razak et al., 2016). The quality of urban parks has 

been identified as being relevant to community life satisfaction, whereas health 

quality is correlated (Nurul Syakila et al., 2018).  Therefore, the role of various 

types of urban green spaces (parks) in promoting active lifestyles has been studied 

and proven in several developed countries (Rosli et al., 2020).  However, because 

the urban landscape is always changing, mapping and monitoring vegetation and 

green space is extremely challenging.  

Remote sensing technology has shown to be a cost-effective method for 

classification and mapping for future planning. Remotely sensed data and 

imagery nowadays able to satisfy the mapping and monitoring requirement 

(Erasu, 2017). Furthermore, this high spatial resolution data has been used in 

multi-level applications worldwide to expand undeveloped areas towards 

developing nations (Maktav et al., 2005). Furthermore, the advancement of 

remote sensing data has enabled this valuable information to benefit a variety of 

users, including urban planners and authorities (Latif et al., 2012; Ibrahim et al., 

2015). In recent years, advances in remote sensing technology have provided a 

useful solution for the monitoring and mapping of urban vegetation (Tooke et al., 

2009; Tigges et al., 2013; Pu & Landry, 2012; Immitzer et al., 2012; Hashim et 

al., 2019). Traditional vegetation mapping methods rely on the interpretation of 

aerial photographs and field verification, this method is costly, time-consuming, 

and labor-intensive (Kamagata et al., 2006). However, the availability of very 

high-resolution (VHR) remote sensing imagery such as IKONOS, Quickbird, 

Worldview-3, and Pleiades, as well as advanced classification algorithms, allows 

for the extraction of detailed information on urban vegetation cover (Zylshal et 

al., 2016; Hashim et al., 2019). Furthermore, with the availability of very high-

resolution imagery and a digital classification approach, urban vegetation 

monitoring and mapping can be done effectively. Some research has been 

conducted to classify land cover, and the results have been used to analyze the 

urban green area (Simarmata, 2012; Trisakti, 2016; Zylshal et al., 2016). 
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Recently, medium- and high-resolution remote sensing imaging has been used to 

monitor and map vegetation in urban areas (Trisakti, 2017). The remote sensing 

classification approach, such as automated or semi-automated classification, can 

eliminate subjectivity while also providing a reproducible procedure (Belgiu et 

al., 2014). Therefore, this study focuses on pixel-based classification of urban 

vegetation using Pleiades high-resolution remote sensing data.  

The classification method was the most essential aspect of the 

processing of remotely sensed data (Roy & Giriraj, 2008). Traditional 

classification methods, such as pixel-based with maximum likelihood 

approaches, have been widely used in mapping of land use and land cover, and 

are based on multivariate probability density functions of classes (Lillesand et al., 

2008; Hashim et al., 2019). However, advanced classification algorithms, such as 

support vector machine (SVM), have recently been developed to improve 

classification accuracy (Deilmai et al., 2014). SVM is a supervised classification 

with non-parametric learning algorithm that does not make assumptions about the 

frequency distribution of the data (Belgiu & Drăguţ, 2016; Mountrakis et al., 

2011). SVM is a robust, accurate and effective classifier for extracting land cover 

information from multispectral imagery (Gao & Liu, 2014; Nurul Iman Saiful 

Bahari et al., 2014). Some research has shown that SVM algorithms are better at 

classifying than conventional methods (Szuster et al., 2011; Yu et al., 2012). For 

example, research conducted by Zylshal et al. (2016) and Hashim et al. (2019) 

that extract urban green space from Pléiades images using SVM classifier 

produce an acceptable result for the overall accuracy. Moreover, research 

conducted by Ouerghemmi et al. (2018) has proven that high resolution imagery 

is able to identify urban vegetation species with acceptable accuracy result and 

coherent distribution on the visual inspection. According to prior study, using a 

high-resolution data source and an advanced classification methodology will 

improve the accuracy of urban vegetation mapping in the future. Therefore, to 

provide accurate information for this natural resource, it is crucial to explore 

classification and an algorithm to enhance the result of urban vegetation 

extraction and classification. The finding of this research study can assist state 

authorities establish an effective urban vegetation information system for future 

conservation planning. 

 

RESEARCH METHOD 
Scope of the Study 

This study focuses on the extraction of the vegetation and non-vegetation features 

in urban park, Tugu Park in Kuala Lumpur, and its surrounding area. Two 

features of the vegetation and non-vegetation area will be extracted and analyzed 

using high-resolution Pleiades satellite imagery. ENVI software will be used to 

process high-resolution satellite images, and a traditional pixel-based 

classification approach will be used for extraction and classification. The 
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statistical error matrices, overall accuracy, and kappa coefficient will be used to 

assess the accuracy of the classification of vegetation and non-vegetation areas. 

The highest overall accuracy indicates that urban vegetation can be successfully 

identified and classified.  

 

Case Study 

The selected study area is located in National Monument Park, Kuala Lumpur, 

Malaysia. The study area covers the coordinates of 3º 8’ 51” N, 101º 41’ 36” E. 

The National Monument Park is located to the north of Taman Botani Perdana, 

Padang Merbok in the south-east and Bank Negara’s Lanai Kijang to the east of 

the site. The site is contiguous with Taman Botani Perdana separated only by 

Parliament road and can be seen as an expansion of that green spaces.  
 

 
Figure 1. Pleiades imagery of National Monument Park, Kuala Lumpur 

Source: Google earth 

 

DATA COLLECTION 
For this research study, secondary data was collected from two government 

agencies. The first one was tree inventory data from the Landscape department, 

City Hall Kuala Lumpur and the second primary data was the satellite imagery 

provided by Malaysia Agency of Remote Sensing ARSM). The specific satellite 

images used were Pleiades 1A Orthorectified Pansharpened for year of 2017 with 

less than 10% cloud cover. The detail of data used is shown in Table 1. Other 
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supporting data include the land use map that has been provided by the Town and 

Regional Planning department, City Hall, Kuala Lumpur for validation of the 

classification stage.  
 

Table 1: Pleiades 1A satellite imagery data specification 

Data 
Date of 

Acquisition 

Processing 

Level 
Spectral Resolution 

Spatial 

Resolution 

Pleiades 

1 A 
3 Februari 2017 Orthorectified 

Blue: 480 - 830 nm                                  

Green: 490 - 610 nm                                   

Red: 600 - 720 nm                                       

Near Infrared: 750 - 950 

nm Panchromatic: 480 - 

830 nm 

2 m                                                                 

0.5 m 

Source: http://www.satimagigcorp.com/satellite-ssensors/pleiades-1/ 

 

Image Pre-processing and Analysis 

The methodology flowchart is shown in Figure 2. The overall data processing can 

be divided into three main processes, as follows: 1) The pre-processing of the 

satellite images. 2) The classification stage, and 3) accessing the accuracy for 

classification method. Pleiades imagery is obtained as standard products that have 

been geometrically and radiometrically corrected by data providers, allowing it 

to be used directly and proceed to the second stage, which is the classification 

process. In the classification stage, urban vegetation and non-vegetation features 

were accurately identified and classified using satellite images with high 

resolution. A uniform supervised classification was applied to the images. All 

images were classified by creating accurate polygons as training areas for 

introducing ideal classes for each image separately. To create a closer 

correspondence between the maps that were produced, the classification was 

done by only considering two main classes: vegetation and non-vegetation area. 

Pixel based Support Vector Machine (SVM) algorithm were used for this 

classification process. The description of the main classes is presented in Table 

2. Land use map was used to validate the classification result. The accuracy of 

the classification result was tested using a confusion matrix consisting of overall 

accuracy, user accuracy, producer accuracy and kappa coefficient.                         

The final output from this study was the urban vegetation extraction with high 

resolution satellite imagery.  

http://www.satimagigcorp.com/satellite-ssensors/pleiades-1/
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Figure 2. The methodology flow chart of urban vegetation mapping 

 
Table 2:  Description of land use/cover classes 

Land use classes Description 

Vegetation Shrub lands and semi natural vegetation, gardens, inner city 

tree areas, grass land and vegetable land, trees, coniferous 

forest and mixed forest 

Non-Vegetation Infrastructure, park and playground, building, car park and 

National Monument 

 

RESULT AND DISCUSSION 
Figure 3 shows the result of urban vegetation extraction and classification. The 

land use land cover was classified into vegetation and non-vegetation area. The 

 

Pleiades 1A Imagery 

Image Pre-Processing 

Pixel-based classification 

Support Vector Machine 

(SVM) Algorithm 

Vegetation Non-Vegetation 

Accuracy Assessment 

Urban Vegetation Mapping 
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comparison of both techniques was based on a visual analysis of the respective 

land use maps outputs and on the evaluation of the corresponding accuracy 

assessment measures (overall, producer’s and user’s accuracies, kappa 

coefficient). Comparison of accuracy was made from the error matrices, overall 

accuracy, and kappa coefficient. The overall accuracy for the classification 

approach was 98.98% and a kappa value of 0.97.  The findings show that a pixel-

based classification system can distinguish between vegetation and non-

vegetation in an urban environment. Table 3 describes in detail the accuracy 

assessment for urban vegetation mapping with support vector machine (SVM) 

classification approach. From Table 3, the extraction result of vegetation features 

was 97.79% and 100% for producer and user accuracy, respectively. While for 

non-vegetation the accuracy for producer and user was 100% and 98.14% 

respectively. The results demonstrate the ability of very high-resolution images 

to accurately extract urban vegetation despite the complex surface of an urban 

park area. Therefore, the results demonstrate the ability to extrait and classify 

urban vegetation moderately in the municipal park area with pixel-based image 

analysis with support vector machine (SVM). 
 

 
Figure 3. Urban vegetation classification with SVM classification algorithm 
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Table 3: Accuracy assessment result for urban vegetation classification 

Year 2017 

Land Use/Land Cover 
Producer's 

Accuracy (%) 

User's     

Accuracy (%) 

Non-Vegetation 100 98.14 

Vegetation 97.79 100 

 

Overall Accuracy 
98.98% 

Kappa Coefficient 0.9795 

 

CONCLUSION 
In conclusion, the results of this study show that the pixel-based image analysis 

approach with the use of the support vector machine (SVM) classification 

algorithm can provide accurate results and be useful for the generation of 

vegetation maps, with a kappa coefficient of 0.9795 and overall accuracy of 

vegetation and non-vegetation extraction of 98.98 percent. This shows that the 

pixel-based image analysis approach with the use of the SVM classification 

algorithm can provide accurate results and be useful for the generation of 

vegetation maps. This data will be useful in future conservation planning for 

urban green spaces. More importantly, the precise results of this study give 

policymakers and tree managers with correct data to make future decisions about 

the conservation of urban tree areas.  

In addition, this research has shown that high-resolution Satellite 

Imaging with a suitable classification algorithm has a great potential for use when 

generating and updating vegetation data needed to manage urban landscapes 

appropriately. To properly manage urban vegetation for maintenance purposes, 

an updated and accurate tree information can be developed to assist the planning 

application for managing green spaces and vegetation in urban park areas in 

accordance with the Tree Preservation Order under the Town and Country 

Planning Act 1976. (Act 172). The systemic information system for urban 

vegetation and green areas will be able to efficiently manage large quantities of 

information and can be digitally visualized. The State authorities will benefit 

from this for future urban planning. With a new advanced classification 

methodology that combines acceptable high-resolution remote sensing data, 

classification accuracy can be enhanced even further in the future. To create a 

novel approach for urban vegetation detail categorization and mapping, more 

research is required. 
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