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Abstract. Open green space in the urban area has aims to maintain the availability of
land as a water catchment area, creating aspects of urban planning through a balance
between the natural environment and the built environment that are useful for the
public needs. Local governments have to make the green zone plan map and monitor
the green space changes in their territory. Medium and high resolution satellite
imageries have been widely utilized to map and monitor the changes of vegetation
cover as an indicator of green space area. This paper describes the use of pleaides
imagery to classify vegetation types and estimate vegetation cover percentage in the
green zone. Vegetation cover was mapped using a combination of NDVI and blue
band. Furthermore, vegetation types in the green space were classified using
unsupervised and supervised (ISODATA and MLEN) methods. Vegetation types in
the study area were divided into sparse vegetation, low-medium vegetation and
medium-high vegetation. The classification accuracies were 97.9% and 98.9% for
unsupervised and supervised method respectively. The vegetation cover percentage
was determined by calculating the ratio between the vegetation type area and the green
zone area. These information are useful to support green zone management activities.

1. Introduction

In general, the development of urban areas resulted in an increasing number of settlement areas and
the decreasing of open green space areas. In the regulation of minister of Public Work No.05 of 2008,
it was explained that the open green space is elongated or clustered area, that its utilization is more
open, where the plants grow naturally or planted by human [1]. Open green space has some functions
including the function of ecological, social and cultural, aesthetic and economic. Law No. 26 of 2007
on spatial planning explains that 30% of the urban area has to be open green space, where 20% of
open green space for public area and 10% of it for private area [2].

Currently, the Jakarta government are pursuing the target to provide open green space area up to
30%, where the city government responsible to 16% of the open green space, and privat parties
responsible the remaining 14% of it. To achieve the target, the Jakarta government will annually spend
5 billion to increase 6% of open green space in Jakarta until 2030, and it was already stated in
Regulation No.1 of 2012. In connection with the implementation of this program, City Planning
Department of East Jakarta has coordinated with Remote Sensing Application Center (Pusfatja)
LAPAN to be able to take advantages of satellite remote sensing data utilization to monitor the open
green space in East Jakarta region. The monitoring activities using satellite imagery will be very
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helpful to know the last condition of vegetation cover, and to find out the land cover change occured
in the green zone area.

Utilizations of remote sensing data for monitoring changes in the open green space and to map land
cover in urban areas have been conducted using medium and high spatial resolution remote sensing
imagery. Some research studies were carried out using medium resolution satellite data (Landsat TM,
Landsat ETM + and Landsat 8 OLI) for monitoring the changes of green space area [3], vegetation
greeness level [4] as well as land use mapping [5] in urban areas. On the other hand detail scale
mapping needs high spatial resolution satellite imagery, such as IKONQOS, Quichird or Pleiades.
Some research studies were also used those high resolution satellite imageries to classify land cover
and then used the land cover information to analysis urban green space [6], to map greenways in the
city [7], and to digitally extract urban green space [8] [9]. Furthermore various types of data such as
digital aerial photograph, satellite imagery and time series data were used to get more detail and
accurate information related to green space and urban environment [10], and also the combination of
LIDAR data and multi spectral imagery [11] were used to produce information of green space and
urban building distribution. But the common method to map green space based on remote sensing data
were to identify the vegetation cover, where the vegetation cover can be extracted using various
classification methods or extracted using various indexes such as Normalised Different Vegetation
Index (NDVI), Modified Soil Adjusted Vegetation Index (MSAVI) and chlorophyll index [4, 9, 12].
In contrast to the object appearance on the medium spatial resolution imagery, the object appearance
on the high spatial resolution imagery up to submeter unit (less than 1 meter) becoming very detail, so
the separation of vegetation from other objects around the vegetation (such as building or open land)
becomes more difficult.

In this research activity, the high spatial resolution Pleiades imagery was used to classify
vegetation types and estimate vegetation cover percentage in the green zone. Pleiades imagery has 0,5
meter spatial resolution, so this satellite imagery can be used is to identify tree canopy and single
house building accurately, and it will be a suitable data for monitoring the vegetation cover in urban
areas.

2. Research Method

The study area of this research was covered area surrounding Halim Perdana Kusuma Airport in East
Jakarta, as shown in figure 1. This study area was selected due to various vegetation types and
vegetation density. The use of Pleaides imagery with high spatial resolution was expected to be able to
identify the various vegetation types in the study area accurately. The Pleiades imagery used was
Pleiades-1A obtained from Technology and Data Center, LAPAN. The imagery was recorded on May
12 2015, and it was already corrected for ortho systematic and processed for pansharpening (data
fusion between 2 meter spatial resolution of multi spectral band and 0,5 meter spatial resolution of
panchromatic band). So the Pleiades imagery had already 0,5 meter spatial resolution in multi spectral
band (Blue, Green, Red and Near Infrared). Detailed information of Pleiades-1A is shown in table 1.

Tabel 1. Detail information of Pleaides-1A imagery used in this Research

Data Processing level Waktu perekaman Spectral resolution Spatlgl
resolution
. . Pan: 480-830 nm 0.5m
Ortho Sistematic Blue: 430-550
. Without ground ue: 450-00U0 nm
Pleiades-1A control points: 3m 12 May 2015 Green: 490-610 nm om
(CE90) Red: 600-720 nm

Near Infrared: 750-950 nm

Source: http://lwww.satimagingcorp.com/satellite-sensors/pleiades-1/

Research flowchart is shown in figure 2. The whole data processing can be divided into three main
processes, as follow: 1) vegetation and non vegetation separation process (vegetation cover mapping),
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2) vegetation types classification process, and 3) estimating vegetation cover percentage in the green
zone. Based on the results from the previous research conducted at the same location [9], vegetation
and non vegetation pixels in the Pleaides imagery can be separated through two separation stages. In
the first stage, the combination algorithm of Normalized Difference Vegetation Index (NDVI) and
blue band was performed to the Pleiades imagery, then the histogram was adjusted to make the pixel
value of non vegetation becoming zero, and then the result was saved as a new data. In the second
stages, threshold values were determined to separate between pixels of vegetation and pixels-like
vegetation, that they were still mixing from the first stage's result. This method made the process
becoming easier to determine threshold values for accurately separating between vegetation pixels and

non vegetation pixels.
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Figure 1. Pleiades imagery of Halim Figure 2. Reserach Flowchart
Perdana Kusuma Airport

Vegetation pixels or vegetation cover area obtained from the first process was used to crop Pleaides
imagery for obtaining the imagery inside the vegetation cover area. Vegetation types inside the
vegetation cover area were identified using composite RGB 321 image (true color composite) and
composite RGB 423 (false color composite). There area several types of vegetation were recognized
inside the area. Spectral patterns for all vegetation type were plotted and analyzed to determine
whether there is any differences of pixel value at each vegetation type. The difference of the pixel
values can be used to separate the vegetation type in the study area. The vegetation types were
classified using the unsupervised classification method (classification without using training samples)
and supervised classification method (classification using training samples). The number of classifed
classes were determined by identifying the vegetation types found in the study area. The classes of
vegetation types in this research were divided into 3 classes: sparse vegetation, low-medium
vegetation and medium-high vegetation.

Unsupervised classification was done using ISODATA unsupervised method [13], and it used the
following setting parameters: maximum iteration 100, maximum classes 50 and pixel unchanged
threshold 98%. The classification result produced 50 classes, which were then reclassed and labelled
into three classes of vegetation types that previously determined. Supervised classification was done
by collecting training samples for three classes of vegetation types. Each class used around 30 training
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samples, then classification process was performed using Maximum Likelihood Enhanced Neighbor
(MLEN) method. According to the previous result, MLEN method has a higher accuracy than other
maximum likelihood methods [14]. The classification results of vegetation type were tested using
confusion matrix. Training samples were needed in the confusion matrix, the training samples were
different with the training samples for classification input. The result from the confusion matrix was
consist of user accuracy, producer accuracy and overalls acuracy of the classification result.

Furthermore, the classification results was overlaid with polygon of green zone. In this research,
polygons of green zone was simulation polygon that created as examples to calculate the percentage of
vegetation cover in the green zone. The percentage of vegetation cover was calculated by the
following equation:

Aveg(i .
Pvegaiy = ;ng() x100% (i=123) ey
PTotal — AVegl+AVeg2+AVeg3 % 100% (2)

Agz

Where, P, A, Veg 1, Veg 2, Veg 3 and Agz are vegetation cover percentage (%), area, sparse
vegetation, low-medium vegetation, medium-high vegetation, and green zone area
respectively.

3. Result and Discussiom

Figure 3a shows the separation result of vegetation and non vegetation in the study area, where
green indicates vegetation area while black indicates non vegetation area. The vegetation area is also
called vegetation cover area. The result of vegetation cover in figure 3a was verified by doing visual
comparison between appearances of vegetation cover in figure 3a with appearances of vegetation in
figure 1 (Composite RGB 321 of Pleiades imagery). By this comparison, it can be known that
vegetation can be separated well with non vegetation around it (such as runway, settlement, water and
open land). Figure 3b shows an example result of the vegetation cover in urban areas. Left side is
Pleiades imagery in urban area, and right side is the overlay picture of vegetation cover area and
Pleiades imagery. Separation of vegetation from non vegetation was done accurately along the main
roads and among the dense building. The information of vegetation cover area was then used to crop
the Pleaides imagery for obtaining the Pleiades imagery inside the vegetation cover area.

ul lof 107 Lag i | e 017
(b) Pleiades iagery in urban area (left) and Overlay
vegetation cover area on the Pleiades imagery (Right)

(a) Vegetation cover

Figure 3. Vegetation cover result and Its visual verification

Based on the results from visual observation by using a composite RGB 321 (true color composite)
and RGB 423 (false color composite) of Pleiades imagery in the vegetation cover area, vegetation



LISAT IOP Publishing
IOP Conf. Series: Earth and Environmental Science 54 (2017) 012003 doi:10.1088/1755-1315/54/1/012003

types could be divided into four classes, those were: sparse vegetation (vegetation mixed with soil),
low vegetation (such as grass field and other low plants), medium vegetation (like bushes and other
plants with a height approximately equal to house building), and high vegetation (dense trees with
heights exceeding house building). But in practice it is quite difficult to determine the boundary of
medium vegetation, so it causes trouble to separate between low vegetation and medium vegetation, or
between medium vegetation and high vegetation. Therefore, the classes of vegetation types were
divided only into three vegetation types, those are: sparse vegetation, low-medium vegetation and
medium-high vegetation.

Classification of vegetation types was done using two methods, ISODATA unsupervised and
MLEN supervised methods. ISODATA unsupervised method was conducted using fixed setting
parameters: maximum iteration 100, Maximum classes 50 and pixel unchanged threshold 98%. This
classification resulted in 50 unlabelled classes, then the 50 unlabelled classes were reclassified and
labelled into three classes of vegetation types (sparse vegetation, low-medium vegetation and medium-
high vegetation). While MLEN method required training samples from the three classes of vegetation
types as input data. Each class used 30 training samples. The MLEN classification directly produced
three classes of vegetation types (sparse vegetation, low-medium vegetation and medium-high
vegetation). The classification results using unsupervised and supervised classification method are
shown in figures 4a and 4b. Furthermore, the accuracy testing was carried out using the confusion
matrix, and the testing results are shown in table 2. The level of accuracy (producer accuracy, user
accuracy and overall accuracy) for both the classification results did not differ significantly, and the
accuracy of all classification were high accuracy more than 90%. Overall accuracy for unsupervised
classification was around 97.9%, while the supervised classification was around 98.9%. Therefore,
both classification methods performed good results, and can be used to classify vegetation types
accurately from Pleiades imagery.

(a) ISODATA Unsup
Sparse M Low-Medium [ Medium-high Il Non-Vegetasi

C o S AT
sed (b) Supervised

Figure 4. Vegetation type classification using unsupervised and supervised methods

Tabel 2. Accuracy result of vegetation type classification

Method User Accuracy (%)  Producer Accuracy (%)  Overal Accuracy (%)
ISODATA Unsupervised 98,5 97,7 97,9
MLEN Supervised 99,1 98,7 98,9

The last proces is to estimate vegetation cover percentage inside the green zone. In this resarch, two
polygons of green zone (GZ1 and GZ 2) were created in the study area as a simulation to calculate the
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vegetation cover percentage inside the green zone. The calculation of vegetation crop percentage can
be done for all vegetation types. Figure 5 shows two simulation polygons of the green zone (GZ1 and
GZ2) which are dioverlaid on Pleiades imagery and the classification result of vegetation types. By
doing the visual observation, we can know that GZ1 and GZ2 are consisting of vegetation cover and
non vegetation cover (building on GZ1 and open areas on GZ2).

Sparse
Low-Medium
Medium-high

Non Vegetation
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Figure 5. GZ and GZ2 are overlaid on imagery(left) and classification result (Right)

The calculation results of vegetation type area, percentage of each vegetation types cover, and
percentage of total vegetation cover and non vegetation cover inside GZ1 and GZ2 are shown in table
3. GZ1 had vegetation cover percentage around 84.8%, which is consisting of sparse vegetation
(2.9%), lower-medium vegetation (32.4%) and medium-high vegetation (49.5%). While GZ2 had
vegetation cover percentage around 93.5%, which is consisting of sparse vegetation (29.3%), low-
medium vegetation (53.1%) and medium-high vegetation (11.1%). This kinds of information can be
used by local governments to monitor the last condition vegetation cover in the green zone, to evaluate
the existing plan map of the green zone, and to make a better policy for green zone management
activities.

Tabel 3. Accuracy result of vegetation type classification

Green Zone Sparse Low-Medium  Medium-High  Non Vegetation ~ Vegetation
GZ1

Area (ha) 0,145 1,607 2,454 0,756 4,206
Percentage (%) 2,9 32,4 49,5 15,2 84,8
GZ2

Area (ha) 0,292 0,528 0,110 0,065 0,930
Percentage (%) 29,3 53,1 11,1 6,5 935

4. Conclusion

Very high sapatial resolution Pleiades imagery was used to map vegetation cover, classify
vegetation types and estimate vegetation cover percentage in the green zone, and the results were
verified qualitatively and quantitatively. Vegetation cover can be obtained accurately using
combination of NDVI and blue band. Vegetation types in the study area were classified into sparse
vegetation, low-medium vegetation and medium-high vegetation using ISODATA unsupervised and
MLEN supervised methods. The accuracy of both methods did not differ significantly, where the
overall accuracies were 97.9% and 98.9% for unsupervised and supervised method respectively. The
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vegetation cover percentage was determined by calculating the ratio between the vegetation type area
and green zone area. This information will be useful to support green zone management activities.
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