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ABSTRACT

Mapping is needed to determine the condition of spatial data and non-spatial data from an area.
This research produces a mapping application based on geographic information systems that
display spatial data and boundaries of 888 villages located in the Greater Bandung Area, which
consists of Bandung City, Cimahi City, Bandung Regency, West Bandung Regency, and
Sumedang Regency. The method used is the Software Development Life Cycle with Waterfall
model. The technology used is the application programming interface from Openstreet
MapBox and ArcGIS. Based on testing applications that can access online found that the
application built can 100% display the mapping of all areas in the Greater Bandung Area to the
district level. This research is useful for developing the tourism and creative industries of
MSMEs based on each region's geographical conditions, both for the community and the

government.
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INTRODUCTION

Mapping an area is needed to determine the condition of the area, both spatially and non-
spatially. Various objectives can be obtained by mapping an area. Census activities (Tsutsumida
et al., 2019), mapping workers (Ullerud et al., 2018), population (Humphries et al., 2017), and
migration (Brovelli et al., 2017). With the mapping application, it is easier for users to see the

information needed to obtain information in spatial and spatial form.
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This research discusses applications for area mapping in the Greater Bandung area. In
contrast to several mapping applications, which usually only designate one area (Alkhalidi et al.,
2020; Setiawan et al., 2019). Mapping in this research was generally carried out in four major
areas in Greater Bandung. The mapping that has been done so far can display spatial data from
888 villages. Therefore, it is different from other studies that only display specific information
on the city of Bandung, such as information on the level of crime (Dede et al., 2017) or 3-
Dimensional maps (Maulana et al., 2019), as well as mapping of smart villages which only
specifically for one village only (Marlintha et al., 2017). This study uses a different technology
from several studies that have been conducted because the coverage of the research area is quite
extensive. Hence, it is necessary to use the right technique so that the application is not too

heavy when accessed online.

The method used to build this application is the Software Development Life Cycle with a
waterfall model, often used when building applications (Saxena, 2019). This mapping
application was built on a web basis with the PHP programming language. The technology used
is the application programming interface provided by OpenStreetMap Mapbox, commonly used
for mapping (Syaifudin et al.,2019), and ArcGIS, which is used for processing coordinate data
(Falah & Zeinivand, 2019). This research aims to make it easier for users to find spatial
information from the Greater Bandung area. The benefits of this research in the future can be

used for various fields, one of which is the creative industry sector of MSMEs and tourism.

METHOD
In general, the research method consists of two stages. The first stage is data collection,
while the second stage is the software development of the waterfall model life cycle. Figure 1

represents the stages of the research method carried out.
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Figure 1 Stages of the research carried out

Data Collection Stages

This stage was the initial stage when carrying out research. This initial stage consists of a
literature study, observation, and interviews. Literature studies consist of collecting information
from journals, proceedings, and reference books (Orlando et al.,2020). Another stage was
observed. This research is intended for use by the general public and government agencies.
Direct surveys and observations are carried out to ensure that other sources' spatial data is valid.
This direct observation needs to be done to combine the available data sources with (Smith &
Sparkes, 2016) the survey results. This research stage results from the latitude and longitude
coordinates of 80 districts and 888 villages in the Greater Bandung area, which are implemented

as regional boundary polygons.

Another stage in data collection was an interview. The interview stage was used to obtain
data related to experience and knowledge (Smith & Sparkes, 2016). Interviews were carried out
in the research, namely to the community directly, to get the desired feedback regarding the area

mapping application. Several groups of people were interviewed, including entrepreneurs from



Journal of Engg. Research, ASSEEE Special Issue

the creative industry of MSMEs and those from education. Meanwhile, interviews with
government officials were conducted with the Training Center for Cooperatives and MSMEs of
the Office of Cooperatives and Small Businesses of West Java Province. Interviews with
government agencies were conducted to obtain primary data sources related to spatial areas in

the Greater Bandung area.

Software Development Life Cycle Stages

The next stage was the stage when building the system. This stage used the concept of a
Software Development Life Cycle with a waterfall model. This waterfall stage is widely used
when building a system, including monitoring applications (Afif et al., 2020), reporting
(Rahayu, 2020), calculating (Rakhmat & Rizki, 2020), and geographic information systems
(Sukenda and Amanillah, 2020), such as in this research. Several stages were carried out:
requirement definition, system and software design, implementation and unit testing,

integration, system testing, and the last step, namely operation, and maintenance.

The first stage in the software development life cycle waterfall model was the requirements
definition. Data in research related to mapping applications is the need for spatial data in the
form of polygons containing the boundaries of the area displayed in the application. These areas
are Bandung City, Bandung Regency, West Bandung, Cimahi City, and Sumedang Regency.
The results of this stage obtained the latitude and longitude coordinates of the areas in Greater
Bandung. The coordinates for each region are obtained from the government agency, in this
case, the General Government and Public Housing. The coordinates obtained are of type

Shapefile file with the format * .shp.

The second stage in the waterfall model was system and software design. Some of the
development tools used in this research were ArcGIS, leaflets, MySQL database, SQLYog, and
Visual Studio. The specific steps to get the coordinate format displayed in the application are

shown in Figure 2.
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Figure 2 Stages of getting coordinated.

Shapefile file with * .shp extension is data that shows an object on the earth's surface, such as
the shape of an island, administrative boundaries, rivers, and roads. In other words, shapefile
files provide information about spatial or spatial data. Shapefiles are also often used for the
benefit of building geographic information systems (Bazurto et al., 2019; Colvero et al., 2018)
and geometry (Zhu et al., 2019). The shapefile file is opened using the ArcGIS application to

obtain coordinate data, as shown in Figure 3.

[{"type": "FeatureCollection”, "features": [{"geometry":{"type": “Polygon”, "coordinates": [ [ [108.13237500000007, -7.038672999
999964],[108.13214257100012, -7.838130889999962], [108.1320. 5-7.03 7],[1e8.13201 »~7.8377929
99999983], [108.13199300100008, -7.837749999999978], [108. 131 ,-7.8376641; 1,[108.13195 7,-7.03762
26],[108.1319 2,-7.8375 1,[108.131 ,-7.83 1,[108.13186 ,-7.837
434999999938], [108.13184575400007, -7.037394384999953], [108.1318, ,-7.037 1,[108.1318140000001,-7.037
303999999935], [108.13179845200006, -7. 083726, 1,[108.131 ,-7.0372 1,[108.13178183800002,-7.0
37214458999898],[168.13176700000012, -7.83716499999998], [1€8.13174 »~7.03708, 1,[108.131736123080005,-7.
83 1,[108.13173 7,-7.e37e5 1,[108.13172569100009, -7.037017701999961] , [188.13170400820006, -
7.93690699999995],[108.13167,-7.036 1,[1e8.1316 S,-7 836550278999936] [108.1316400010001, -7.0365850
©0999953], [108.13163700000011, -7.036565999999979], [108.13161 ],[108.131 ,-7.83638
7999999906], [1€8.131 »-7.836301! 1,[1e8. 13158224409911 7 ©36278300999883], [1e8. 13155400999988 -7.836
16: 8],[108.131545 -7.9361323619998934], [1€8.13151 -7.0366. 1,[1e8.131 =7
.©35835999999975], [188. 1314199828891 -7.235748736999949], [108. 1313629389981 -7.835 1,[108.131 =7
.©35316999999932], [108.13124372400009, -7.035301 1],[108.1312 »-7.03 7],[108.13117647800003
-7.@3514 25],[1e8.1311 »-7.0350, 1, [188.131858: ,-7.934866243999935], [108.13101802100006
»~7.83479500@9999956], [108. 13191029108@04 -7.834778081999328], [1e8. 1389819999891 -7.83471 3],[1e8.1
11 -7.0344 ],[108.13@ -7.834231 1, [168.1305 7,-7.834077680000007 ], [108.1382480000
0002,-7.03298 1,[108.1 ,-7.83197 15], [1€8.13001. 12,-7.03101 1,[108.1301207
1200006, -7.029947702999941], [108.13013! 3,-7.02984 1,[108.13079875300012, -7.027768278999915], [108.130940
80eeeens, -7.027328993999584], [108.13094@01700003, -7. 0273 1,[108.131 ,-7.82654 1,[108.13101
276100006, -7.026923977999957] , [108.13; ,-7.026 1,[108.1311 ,~7.082649 1,[1e8.131
15782400008, -7.826417974999923], [108.1311 5-7.026 3],[108.13127519180001, -7.026024740999983], [168.1
313 -7 6],(108.13138251100011,-7.925717707999981 ], [108.131467 7.0, 3], (10
8.13167,-7.824922999999951], [108.13184120000002, -7.024442999599938], [108. 131855966, -7.824386098929937], [108.1318599960
@003, -7.024 29],[108.13193 ,-7.824061999999344], [108.131 ,-7.092382 1,[108.13206500
100006, -7.0234; 2],[168.132. 1,-7.6; 2], [18.1324 11,-7.02 1,[108.1324820
0002004, -7.022596999999966 ], [108.13250272300007 , -7.0222 1,[108.132511 ,-7.02214 1], [108.1325
1221200005, -7.822101192999976], [168.13251380160004, -7.0228" 1,[108.13248 ,-7.821 1,[1e8.132
44388000008, -7.021480583999917], [108.13243 ,-7.0213 1,[1e8.1324 ,-7.0211 1,[1e8.1
3249356700003, -7.020632707999967] , [108. 1325 ,-7.0204 1,[1e8.1326. ,~7.0820131] 25],[1
©8.132 2,-7.819 4],[108.13 ,=7.01 6],[108.13284 ,-7.01898011899993],
108.13 2,-7.61 ], [1e8.13: ,-7.01 1,[108.13281200100008, -7.01799599999995],
[108.13278255600004,-7.017845328000001], [108.132' ,-7.01781 1,[108.13264710100012, -7.01755720@999970
5],[1@8.1326470000@01, -7.01755 1,[108.13 ,-7.81721 1,[108.1321670@300009, -7.21706893799998
85],[108.13213306200004, -7.016961196999951] , [108.13213 2,-7.016961 23],[108.13. 11,-7.01676767600
9015],[108.1323 ,-7.816631 1,[108.13250000100003, -7.21635 6],[108.13 ,=7.0160219999
99957],[108.13 11,-7.01573 1,[1e8.13: ,-7.015611 2],[108.13, ,-7.81538200
1 188 13 -7 a1 11 f1ag 13 -7 aa 1 f1a8 1324 -7_@1asss

Figure 3 Stages of getting coordinates from shapefile.

The resulting coordinates can be used in the system. The next step is to convert them into
GeoJson format so that they can be used to display spatial data (Horbinski & Lorek, 2020; Zhu
& Tan, 2018). GeoJson also has good encoding and decoding performance when used in
geographic information (Tong, 2018). This conversion process uses the tools from geojson.io, as

shown in Figure 4.
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Figure 4 Stages of getting the Geojson format.

The next stage is system and software design. This stage is carried out the design from the
procedure, functional, database, model to display design. After the design is complete, the next
step is to implement it into a programming language. This application is web-based so that it
can be accessed via the internet. The programming language used is the PHP programming
language with MySQL database which can also be used for web-based applications (Kolios et

al., 2018).

After properly implemented it into the programming language, the system testing stage is
carried out to ensure that the implementation results are designed. Testing in this study was
carried out by functionally testing each activity to be corrected again when some things were
still wrong. The final step in the software development life cycle is operating the application and

maintaining the application, especially data.
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RESULTS AND DISCUSSION
Data Analysis for Polygon Map
The mapping of districts in the Greater Bandung area is converting data on a conventional
map into digital map data, made into a polygon. A polygon is a series of points in a sequence as
a basic framework for mapping. Table 1 is sample data for mapping districts in the Greater

Bandung area.

Table 1 Sample of district polygon

District Polygon Coordinate

-7.027363,107.507526 -7.027576,107.507333
-7.027661,107.507075 -7.027619,107.506753
-7.027619,107.506496 -7.027768,107.506238
-7.027884,107.506045 -7.027970,107.505745
-7.028065,107.505487 -7.028193,107.505294
-7.028427,107.505123 -7.028640,107.504930
-7.028853,107.504715 -7.029066,107.504522
-7.029322,107.504393 -7.029556,107.504350
-7.029812,107.504221 -7.030067,107.504221
-7.030344,107.504221 -7.030557,107.504414
-7.030664,107.504629 -7.030642,107.504908
-7.030621,107.505123 -7.030685,107.505359
-7.031217,107.505509 -7.031452,107.505337
-7.031665,107.505123 -7.031750,107.504865

Soreang

The application in this research can be accessed via the internet at the address

http://wirausaha.web.id/view.php?menu=gis&act=frm_gis as shown in Figure 5.

C A Tidakaman | wirausahaweb.id/view.php?menu=gis&iact=frm g * @ % O @ :
AODEL DAX PERERAPAR PERCIPTAAR WIRAUSANA BARY

1 WILAYAN BANDURG RAYA > < o0
BERBASIS CEOGRAFIS DAX DASHEOARD IXFORAATION SYSTEA o3

i+

Q

Color Theme

cEEEEe

x

£ Reset Local Storage

[1okm | Tiles © Esri— Esi, DeLorme, NAVTEQ, TomTom, Intermap, IPC, USGS, FAO, NPS, NRCAN, GeoBase, Kadaster NL. Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), and the GIS User Community

Figure 5 Map display results for the Greater Bandung Area.
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There are five regions shown in the application. The five regions are Bandung City with a
pink map, Bandung Regency with a blue map, Cimahi City with a cyan map, West Bandung
Regency with a green map, and the Sumedang Regency area with a gray map. To display the

map in Figure 5, use a script like the following:

var layer ADMINISTRASI = new
L.GeoJSON.AJAX("assets_gis/layer/request_maps_layer.php",{
style: function(feature){
var fillColor, // ini style yang akan digunakan
kode = feature.properties. KOT_KAB;
if ( kode == "kota_cimahi") fillColor = "#00ccff";
else if ( kode == "kota_bandung™ ) fillColor = "#ff4dff";
else if ( kode =="KBB") fillColor = "#d2ff4d";
else if ( kode == "kabupaten_bandung™ ) fillColor = "#3366ff";
else if ( kode == "sumedang" ) fillColor = "#8585ad";
else if ( kode > 5104 ) fillColor = "#3ab7e9";
else if ( kode > 5103 ) fillColor = "#c8cf06";
else if ( kode > 5102 ) fillColor = "#2f838c";
else if ( kode > 5101 ) fillColor = "#fede36";
else fillColor = "#ffd700"; // no data
return { color: "#999", dashArray: '3', weight: 2, fillColor: fillColor, fillOpacity: 0.5 };

In addition to the territorial boundaries for each City and Regency, each village's boundaries
also visible. If the boundary is selected, it will display information from the village's name, as

shown in Figure 6.

C A Tidakaman | wirausahaweb.id/view.php?menu=gis&act=frm_gi * @& O @ :

MODEL DAN PEXERAPAR PENCIPTAAN WIRAUSANA BARD
N WILAYAN RANDURG RAYA > <
BEEEASIS CEOCEAFIS DAX DASHEOARD IXFORMATION SYSTEM

+
-

Color Theme
SEEEEs

Bandung

& Reset Local Storage

Likm J Leaflet | Tiles © Esni — Esri. DeLorme. NAVTEQ. TomTom. Interman. iPC. USGS. FAO. NPS. NRCAN. GeoBase. Kadaster NL Ordnance Survev. Esti Japan. METI. Esi China (Hona Kona). and the ?ﬂ nmunity
Figure 6 Information on the name of the village.
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There are a total of 888 villages in 80 sub-districts spread across the Greater Bandung area.
Bandung Regency has 280 villages, Bandung City has 151 sub-districts, West Bandung
Regency has 165 villages, Cimahi City has 15 villages, and Sumedang Regency has a total of

277 villages.

The hardware and software specifications used to implement the mapping application for the

Greater Bandung area can see in Table 2.

Table 2 Hardware and Software specification.

Hardware Type | Specification

Processor Shared Hosting
Space Hardisk 1,5GB

RAM 1GB
Webserver Apache

PHP Version 7.3

Apache version 2.4.46
MySQL Version | 10.3.27-MariaDB
Operating System | Linux

The web server used in this application is Apache because the apache web server has
superior performance in data transfer (Setiawan et al., 2019). Application testing is carried out
by functional testing, displaying the five regions in the Greater Bandung area and testing to
display 888 villages. Based on BlackBox functional testing, 100% of the area can display
information as expected. The results obtained from the tests carried out show that each area can
be displayed on the map well, including 888 villages. It can display area name information

when the user selects a polygon area.

Applications in this research have been able to display spatial information from five regions
in Greater Bandung. Further research is planned so that this application can display non-spatial
data as needed. It displays non-spatial data that developed, displaying total entrepreneurial data
and total tourism data in each region. Therefore, the community can see and know the potential

of each selected area (Setiawan, 2016).
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Based on the research results obtained, several further potentials can be done so that the
results of this research can be more useful for society and government. The availability of
spatial information from a total of 888 districts in the Greater Bandung Area can be used more
specifically for broader interests such as the distribution of the MSMESs industry, the distribution
of industrial potential for each region, and tourist attractions. Of course, to complete the data,

there must be further coordination with the relevant government as the data provider.

Figure 7 shows the comparison of the time it takes to display the map for the first time, while
Figure 8 shows the time it takes to display the map after the map has been opened. The browsers
used on personal computers are Google Chrome, Mozilla Firefox, and Microsoft Edge, while

the browsers used on smartphones are Google Chrome, Mozilla Firefox, and the default

20 20
17 17
15
13
12

I 11 I I I I
Google Chrome Mozilla Firefox Microsoft Edge Google Chrome Mozilla Firefox Browser Default

(Desktop) (Desktop) (Desktop) (Smartphone) (Smartphone) (Smartphone)

browser.

H Bandwidth 100 Mbps  m Bandwidth 1 Mbps

Figure 7 Comparison time for view map first time

6 6
5 5
4 4 4 4 q
3 3
2 I I
Google Chrome Mozilla Firefox Microsoft Edge Google Chrome Mozilla Firefox Browser Default
(Desktop) (Desktop) (Desktop) (Smartphone) (Smartphone) (Smartphone)
Bandwidth 100 Mbps  mBandwidth 1 Mbps

Figure 8 Comparison time for the view when maps have been opened

10
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Based on the comparison of loading times between the firsttime opening maps and opening
maps for the second time, there is a significant difference in load time to display maps. When
the map was first opened, it took a long time, from 16 seconds to 23 seconds, for the map to
appear. However, after the map has been opened, it does not take long to display the map again,
about 2 seconds to 6 seconds, because the map data is stored in the browser's cache (Kim et al.,

2017).

Several things are of technical concern, namely due to the large amount of spatial data
displayed. The application requires a longtime lag, which is about 23 seconds, using a
bandwidth of 100 Mbps and a browser on a smartphone to display spatial information for all
areas. This lag is because it takes time for the system to load all the information in GeoJson.
Besides, the information displayed does not take too long. It is hoped that the implementation of
applications related to the spatial use of better server and network specifications. It is
recommended to use a Virtual Private Server to get better performance (Balen et al., 2020), not

using the concept of a shared hosting server.

The maps produced in this study can be used for various purposes. Based on the results of a
questionnaire to 130 respondents by asking the public's willingness to get additional information
from an area on the map. The results show that the highest percentage of people who want
information from an area is information related to culinary, tourism, and entertainment. The

results of the percentage of desired information can be seen in Figure 9.

Entertainment
19%

Figure 9 Percentage of community willingness to know more information

11



Journal of Engg. Research, ASSEEE Special Issue

CONCLUSION
Based on the research results that have been carried out, it is concluded that the mapping
application can help know the spatial data of each region which, if developed with non-spatial
data, can be known the distribution of potentials contained in each region. The number of maps
and coordinates that need to be displayed on the map, making the map display displayed for the
first time takes quite a long time, ranging from 10 to 23 seconds depending on the device,
browser, and bandwidth the internet connection used. Further research is also needed to
accommodate the community's desire to get complete information about an area displayed on
the map, which can indirectly help the government increase the resources and potential of an

existing area in the Greater Bandung area.
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