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Abstract
Keywords:

This research was conducted in Singaraja City using high-resolution remote  Remote Sensing; GIS;
sensing images and geographic information systems. The purpose is to use  Slum

remote sensing images and geographic information systems to identify slum

settlements, especially the former harbor area in Singaraja City. Slum

settlement is the impact of population growth that is difficult to control. As a

result, the remote sensing image can identify three features: slums, non-slum

settlement, and non-slum areas. Most slum settlements are located in coastal

areas, and non-slum settlements are located in areas close to economic

locations and tourist sites and offices. The most significant introduction to slum identification comes from
the building area. Based on these results, it can be concluded that slum settlement can be identified
through images obtained from Google earth and recognized visually through interpretation keys.

Copyright © Universitas Pendidikan Ganesha. All rights reserved.

1. Introduction

Remote sensing is a science that discusses in order to obtain information about object
areas or phenomena through data obtained with a tool without direct contact with the object,
area, or phenomenon to be studied. Remote sensing imagery has developed for decades
especially using satellite vehicles that are capable of monitoring the earth surface at certain time
intervals so that it can use to detect changes in land use, Urban Heat Island (UHI), shoreline, and
disaster such as drought with vegetation and Land Surface Temperature (Hasan et al.,, 2019;
Indrawati & Sunarto, 2009; A. S.A. Nugraha et al,, 2019; A Sediyo Adi Nugraha, 2019; A Sediyo
Adi Nugraha et al., 2019; A Sediyo Adi Nugraha & Atmaja, 2020; Septiani et al,, 2019; Suarjana et
al, 2020). Besides, remote sensing is a technology that can overcome data measurement
problems for fast and accurate information (Maspiyanti et al.,, 2013),(A Sediyo Adi Nugraha,
2019). The development of remote sensing technology has now interacted with population
development as completeness and data collection accuracy.

Research using remote sensing technology and geographic information systems is an
innovative strategy in spatially visualizing the existing problems to produce accurate geospatial
information, especially in the population (Dalilah & Ridwana, 2019a). Remote sensing
applications are capable of extracting detailed information because they provide a high enough
spatial resolution. This information can be in the form of vegetation coverage, building density,
the distance of settlements to main roads and industrial areas, which are some of the
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parameters determining the level of settlement comfort and settlement form (Maru & Hidayati,
2016), settlement identification through remote sensing is one solution to determine the
distribution of settlement conditions due to rapid population growth.

The rapid population growth led to the increasing need to develop uncontrolled
settlements, especially in urban areas (Ekartaji et al., 2014). The main factor that causes an area
to be categorized as a slum is excessive urbanization from villages to cities. As a result of shifting
conflicts between residents. Land change due to population growth is essential for using remote
sensing technology. Therefore, the research objective is how the role of remote sensing and
geographic information system in identifying slum settlement.

2. Method
Study Area

Singaraja City is one of the cities in Bali Province, precisely in the Buleleng Regency.
Buleleng Regency is located in the northern part of Bali island, extending from west to east.
Geographically, Buleleng Regency is located at the position of 8°03'40"-8°23'00" South latitude
and 114°25'55"-115°27'28" east longitude (BPS Kecamatan Buleleng, 2019). Singaraja city was
once the capital of the Province of Bali and Nusa Tenggara and was a shipping center making it
the largest single dock on the island of Bali at its time. However, as the government center
moved to southern Bali, the former harbor was no longer functioning, and that is one of the
tourism locations.

This study uses the former harbor In Singaraja City, Buleleng is a slum settlement study
because of the large number of interests outside the region to come to north Bali, former harbor.
This location has led to the urbanization of many residents outside Singaraja. Urbanization
realized if there is a higher urban population growth rate than rural residents (Christiawan,
2019). Indirectly, slum settlement is due to a decline in the quality of its function as a place to
live. The decline in the quality of the functions includes low quality of buildings, not served with
adequate environmental infrastructure, and endangering the sustainability of life and
livelihoods of its inhabitants (Ilmy & Budisusanto, 2017).

The remote sensing image used is the January 2020 image obtained from Google Earth Pro.
These images have quality and feasibility for use in research because the information taken is in
the form of visual features of images such as building shapes. The building shape is necessary to
identify as the building existing in the former harbor on the remote sensing image.

GIS is used to identify the visual appearance of remote sensing images. Identification of
slum settlements in Ex. Buleleng Pier uses the Quantum-GIS application (QGIS); besides
analyzing slum areas, QGIS can create maps and maps with different formats according to their
use, allowing QGIS to comprise both raster and vector layers by displaying. This data is in the
process of analyzing data and digitizing existing buildings in the former harbor as an
identification of a slum surface.

Interpretation Image

Visual interpretation recognizes objects' spatial characteristics based on an element from
remote sensing images (Anaperta et al., 2019). Image interpretation is an activity to study aerial
photographs or identify an object and assess its importance. The method used uses the Visual
Interpretation method on high-resolution images, using Quickbird imagery, which analyzes it
using interpretation elements such as hue color, size, shape, texture, pattern, shadow, site, and
object association visible (Suharini, 2007). Research activities to identify existing slum
settlements in the former harbor can be identified by the presence of image interpretation
elements, how what is on the surface of the earth varies according to the appearance in the
image. This research examines settlements to make it easier to identify settlements and non-
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settlements at Former Harbor in Singaraja. As for some of the characteristics of settlements in
image data, like: (1) the house is the same shape and size, (2) the longitudinal pattern follows
the highway, (3) the distance from one object to another object is the same and (4) the roof color
is almost the same. This characteristic makes it easier to distinguish existing buildings and
settlements in Ex. Buleleng Pier. In contrast to the characteristics of slum settlements, which
have a building pattern which is irregular and tightly laid out with one another, the size of the
houses is different, the fragility of buildings between the distance from one object to another is
very low, and the more likely densities are clustered and irregular. The slum settlements' roofs
mostly use asbestos or zinc, and a small part of the houses' roofs use tiles.

Field Survey

Field survey activities are carried out after the data processing process is complete; this
field survey is a check and validation.

Table 1.
Slum Criteria for Field Survey
. Criteria
No Variable Slum Not-Slum
1. | Field Building Condition Semi-Permanent and Not | Permanent
Survey Permanent

Environmental Dirty Clean

conditions

Layout Somewhat Organized, Irregular | Organized

Settlements Settlements

Source: (Suharini, 2007)

A table's existence as a material to facilitate field surveys can refer to the variable table above to
determine slum settlements and non-slum settlements by taking a field survey to determine
what is in the slum and what is no-slums in the ground.

3. Result and Discussion
Analysis of Slum

The slums on the ex, the pier Buleleng, are caused by an imbalance between population
growth and urbanization from village to city because cities have many functions that attract
people and insufficient housing. With the arrival of the visitors increased the number of people
increased and required land populated areas.

Slum identification in the former harbor has three features: slum settlements, non-slum
settlements, and non-settlements (Table 2). The slum settlement in area 1 (Figure 2.a.) shows
that the location is in a coastal area where most of the population is fishermen. Slum settlements
have an unmonitored distance from the main road from the location of economic activity so that
the area that is visible in front is an area with non-slum settlement conditions because some are
used as the economic sector. The interpretation proves that remote sensing technology helps
identify slum areas compared to being done manually and not based on existing spatial data
(Dalilah & Ridwana, 2019b).

The appearance of slum settlements in area 2 (Figure 2.b.), predominantly dominated by
the appearance of non-slum settlements, has the same characteristics, namely being in coastal
areas and activities in fishers. The difference is in area 2, where the residential area close to the
tourism sector shows a more orderly and orderly form of settlement. The difference is because
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the people who live between the eastern and western regions are racially different. In the
western region, it is more dominated by migrant residents from Java, and in the eastern region is
dominated by migrant or mixed residents from China who have long lived in the region.

This condition shows that settlement provides information related to slum settlements
and provides the population's characteristics in an area. Furthermore, looking at the complete
difference, it is easy to identify between slum settlements and non-slum settlements. Most slum
settlements have less than 60 square meters (m2) and non-slum settlements > 60 m2, where it
is seen in the roof that reflects the buildings.

The overall study area in the identification of slum settlements is shown in Figure 3. The
development of slum settlements is mostly influenced by the majority of activities such as
fishing and labor. In comparison, areas as public locations such as fields, parks, economic
centers, and industry are surrounded by non-slum settlements. The criteria for non-residential
areas are used only as strategic locations for economic activity and tourist and office locations.
Usually, the former harbor of Buleleng is the hub, where slums dominate to the west of the
former Buleleng pier, and some of the non-housing and settlements are to the south and east of
the former harbor.

Table 2.
Building Area Based on Building in Former Harbor
Criteria
No Variable Settlement Information
Unit Area

1. | Low Slums 8 m? Layout, building density,
inadequate facilities (health,
education, drainage, and
sanitation facilities)

2. | Moderate | Not slum | 126 m2 Layout, regular building, and

settlements adequate facilities

3. | High Not a settlement | 1741 m? Strategic layout and building

area

Source: (Data Processing, 2020)

(b)

Fig. 2. Result of Digitazion (a) Slum Settlements and (b) Non-Slum and Non-Settlements
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Fig. 3. Result of Identification Slum on Former Harbor (a) Result with Image and (b) Result without Image

Validation Result

The validation process is carried out by comparing the results of image interpretation
with the field conditions. Based on results, it was found of slum settlements 85% accurate. The
number of buildings is checked in the field based on the parameters in Table 1. Through the
image interpretation key and the year in the image, there is no change in the research area so
that the results of the field survey can be ascertained that they still have high validation. The
accuracy generated in the image interpretation process by field survey has 85% accuracy with
the study area; most buildings have a permanent structure and have low environmental quality.
The existing data is very accurate, but the building area is not always the same as that during the
interpretation and field survey. The difference between non-residential buildings, non-slum 1
settlement, and slum settlement can be seen from the building area and shape in the image
interpretation, and for the field can see the layout, facilities, population density, and existing
building forms in the Ex. Buleleng Pier as a research area.
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4. Conclusion

The analysis and validation results show that Remote sensing and geographical
detachment system technology integration to analyze and compare this spatiotemporal
collection of technology (Quan et al., 2014). Can provide information for identifying slum areas
even than 90% with the image obtained from google earth recording. Meanwhile, when the field
survey can be carried out concerning the layout, building conditions, facilities, and the
environment around the settlement to facilitate the field survey process by distinguishing slum
and non-slum settlement, with this research, it is possible to identify slum settlements in the
area former harbor. Besides, the conditions of field survey activities adjust to the area due to the
Covid-19 pandemic so that the identification of variables cannot be thoroughly carried out.
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