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Abstract— IT Governance has provided
hope in human life, especially waste
management and environmental
cleanliness services. The role of IT becomes
very important when people want services
that are fast, accurate and relevant.
Technology using Geographic Information
Systems (GIS) has provided opportunities
and made it possible to interact easily. The
purpose of this research is to provide a GIS
for the city environmental and sanitation
services in order to provide good services in
creating a clean environment. The research
method uses the system analysis method
with a spiral model approach in system
design. The results of the design of GIS
have been able to improve the performance
of waste management in the city of
Makassar.

Keywords—analysis, design, GIS, smart
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I. INTRODUCTION

IT Governance is an effort to guarantee IT
management to support and even align with
the business strategy of an enterprise carried
out by the board of directors, executive
management, and also by IT management [1].
IT Governance is a relationship structure and
process for managing and controlling a
company that aims to achieve the stated goals
of the company by adding value while still
balancing the risks with the value obtained
from the application of IT and its processes.

field from general institutional management,
but rather are a component of overall and
integrated institutional management, with a
focus on main responsibilities, namely:
ensuring that stakeholder interests can be
included in the preparation of institutional
strategies; provide direction to the processes
that implement institutional strategies; ensure
that the process produces measurable outputs;
ensure information about the results obtained
and measure it; ensure outputs are generated
as expected by stakeholders [2].

The definition or understanding of smart
city is very diverse. The concept has been
popularly known, but in practice it is used in
different countries with different terms and
situations to make services more efficient and
low cost [3]. There are uses of various types
of concepts to replace smart with other
adjective terms. Smart city is a vision of urban
development to integrate several Information
Computer of Technology (ICT) and Internet
of Things (IOT) solutions in a secure form for
managing city assets [4]. The definition of
smart city is so broad that it encompasses a
whole range of digital technologies that can
improve the quality of life, reduce costs and
sources of consumption, and can increase
active interactions between cities and their
citizens effectively [5].

Smart city is a city that has a new
breakthrough in solving problems in the city,
and has successfully improved the
performance of the city [6]. The development

IT Governance Standards are not a separate Of the concept of smart city brings
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understanding in terms of technology. Its
application still looks at other aspects that are
also needed by a city in general with these
aspects considered as a whole that is called a
smart city [7].

Waste management regulations have been
contained in the Republic of Indonesia
Government Regulation Number 81 of 2012
concerning Management of Household Waste
and Similar Household [8]. In order to support
waste management activities, the minister
who carries out government affairs in the field
of public works carries out research and
development of environmentally friendly
technologies in accordance with national
policies and strategies in waste management,
and facilitates local governments in research
and development of environmentally friendly
technologies. Provincial, district/city
governments are obliged to provide
information regarding the management of
household and similar household waste.
Information on waste management includes:
the source of waste, the generation of garbage,
the composition of waste, the characteristics
of waste, household waste management
facilities and similar garbage in household
waste; and other information related to
household waste management and similar
household waste that is needed in the context
of waste management.

According to Article 4 of Law No. 18 of
2008, waste management aims to improve
public health and environmental quality and
make waste a resource [9]. The information is
expected to be connected as a network of
household waste management information
systems and similar household waste that is
coordinated by the city government that
carries out government affairs in the field of
environmental protection and management so
that it will later be accessible to the public.

According to nawaris.com, there is a waste
management module, namely: Introduction to
Waste Management, Policy, Implementation,
Compensation, Application of Technology
and Information Systems, Community Role,
and Coaching. Makassar, the capital of South
Sulawesi, has a population of 1,469,601
people. This number is somewhat higher

compared to other cities in South Sulawesi
such as Bone which only has a population of
746,973 people, followed by the Gowa
Region as much as 735,493 people (Makassar
Statistics Agency, 2016). With the large
number of residents in Makassar directly
proportional to the amount of waste generated
per day, the total amount of waste that enters
the Tamanagappa Final Disposal Site is
around 1200 tons per day [10]

Geographic information system (GIS) is an
information system created based on spatial
and non-spatial data based on spatial [11] and
can be used in decision making [12]. In GIS
the process of providing information starts
from storing, manipulating and analyzing
geographic information based on location
[13]. GIS can also conduct statistical analysis
based on spatial information in a map, so that
GIS is widely used by industry and
government [14].

The study was conducted to obtain answers

to the following questions:
1. Does the design with a spiral model can
build a waste management system?

2. Can the Geographic Information System
approach help the community in finding
information about waste management?
3. Can the system monitor the performance of
waste management in every district in
Makassar?

The research aims to build a waste
management system that can help the
government in knowing the performance of
waste management and the community in
obtaining information.

The waste management system that is built
based on the Geographic Information System
is expected to help the government and the
community to create a clean, healthy and safe
environment in order to reach a smart city.

1. METHOD

Research is conducted through the stages of
analysis and design. The analysis phase
involves the following steps [15]:

1. Determine the need for a system to assist a
business process

2. Define that system’s goals

3. Gather business requirements
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4. Convert business requirements to system
requirements

5. Design the database and accompanying
applications

6. Build, test, and implement the database and
applications.
For System Design using the Spiral model

with the following steps [16]:

Planning
estimation
scheduling
risk analysis

Deployment

Modeling
analysis

(Jcslgn

delivery Cogjfrucﬁon
feedback o

lest

Figure 1. Spiral Model

I11. RESULTS AND DISCUSSION

The study consisted of two main stages,
namely: system analysis and design.

A. System Analysis
1) Determine the need for a system to assist a

business process

The results of interviews with the
environmental services show the need for
system services in the form of geographic
information systems that can support the
performance of official services.
2) Define that system’s goals

Provide a geographic information system
that can improve services to the community
and the performance of the Office of
Environment and Hygiene in Makassar.
3) Gather business requirements

To be able to perform services, it requires
government, community and waste officials
who are able to reach and service waste
transportation to maintain environmental
cleanliness.

To meet the system requirements,
hardware, software and human resources are
needed to spoil the system.

5) Design the database and accompanying
applications

This system is made using PHP
programming and MY SQL database. The tool
used is the Google Maps Application
Programming Interface (API) that supports
the availability of human resources and
network infrastructure.

6) Build, test, and implement the database and
applications

System development is carried out in
consultation with the environmental and
sanitation department to obtain input. It also
communicates with potential community
users of the system by creating a system
model that is easy to understand and can be
used. Before it is implemented, the system is
tested several times to find out the errors that
can occur. After that the system was assessed
for eligibility for use. System users are given
the opportunity to fill through the resulting
system.

B. System Designing

1) Communication

To create a system that is in accordance
with the needs, the construction of the system
IS based on communication that occurs
between the government and the community.

The communication that was built came
from the city government, environmental
services, officers and the community.

2) Planning

The Planning Phase uses GIS in Makassar
through observation and interviews by
looking at the work process from the sub-
district to the Environmental Department. To
find out the needs of two different agencies,
an interview is needed. The results of this
system planning are expected to provide
information and images that can help the
Smart City Makassar program and can
provide direct information to the public

4) Convert business requirements to system regarding  information  about  waste
requirements management in the city of Makassar.
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Figure 2. Makassar City Map

The research obtained data and analyzed
some data that had been used to determine the
needs in developing GIS-based governance.
Where this system displays garbage data that
has been previously entered by service
officers into the system and then the data is
processed for later display. The public can see
directly the results of waste processing that
takes place in the field in addition to being
useful to the community this data can also be
reused by the sanitation office to further
optimize the performance of officers.

3) Modeling

Based on the results of the interview, the
next stage is to design the development of the
system created. The design starts by making a
context diagram.

Context diagram consists of entities that
have the task of managing data through the
data flow. Every data flowing in a process
comes from data sources in the storage media
on a computer system.

DINAS

SISTEM LAVANAN | ¥
INFORM 251 GEOGRAFIS «——————  MASYARAKAT
PENGOLAHAN SAMPAH]

KECAMATAN

PETUGAS
KEBERSIHAN

Figure 3. Context Diagram

Based on the context diagram, it can be
seen that GIS for waste processing consists of
4 entities namely the Office of the
Environment, Districts in Makassar city,
Sanitation Officers, and Makassar City
Communities. Admin comes from the district
where inputting data such as subdistrict data
and garbage data are stored in the database.
Janitors input data such as the number of daily
garbage transport reports, the status of the
vehicle used to the status of workers in the
field.

DINAS =

sssssss

Figure 4. Level 0 Diagram

The Department of Environment and the
people of Makassar City can see the results of
reports from the two previous entities. The
Office of the Environment can directly
monitor the performance of officers from each
sub-district to the status of the vehicle. The
public can see waste information on the city
of Makassar. The level diagram in Figure 4
shows the relationships that occur between
entities, processes, and data storage needed.

SISFORMA: Journal of Information Systems (e-Journal) Vol.6 | No. 2 |Th. 2019

ISSN 2442-7888 (online) DOI 10.24167/Sisforma

44



Analysis and Design of Waste Management System Using the Spiral Model Towards Smart Cities

] detail_petugas ¥

m detail_kendaraan ¥ m bank_sampah v m laporan_bank ¥

id_detailpetugas INT(11) id_detailkendaraan INT(5) id_bank INT(S) id_laporan_bank INT(...
W e ey nama_petigas TEXT jenis_kendaraan TEXT nama_bank TEXT tol_m asuk_laporan DA
d_status_petugas INT(S) —F—_—_—————— H{Vjsbaten TEXT ~  H————— — nomor_plat VARCHAR(8) alamat_bank TEXT -u.—‘ berat_plastk INT(15)
& kecamatan INT(S) } tgl_masuk DATETIME @ fk_kecamatan INT(5) Iatitude_bank VARCHAR{S0) | beli_plastik INT(15)
1 &) e —————
 f_detailpetugas INT(S) @ fk_kecamatan INT(5) @ fk_user INT(5) Iengitude_bank YARCHAR(50) } berat_logam INT(15)
- i > > > i (15)
tol_laporan_petugas DATE } beli_logam INT(15)
status_petugas TEXT ~ Pl—————————————— N".' N‘f T [ berat_kertas INT(15)
| | i (15)
penanganan TEXT | | | ——————1 beli_kertas INT(15)
> | } } x pes_kaca INT(15)
} | | m status_kendaraan ¥ beli_kaca INT(15)
} } } id_status_kendaraan INT(5) jumlah_pcs INT(25)
G TTmmms 'i A @ fk_kecamatan INT(S) jumlah_berat INT(25)
} | } 4 @ fk_detalkendaraan INT(5) jumlah_beli INT(25)
! - tl_Japoran endarasn DATE & fi_bark INT(5)
| |
| | | |
status_kendaraan TEXT >
_ lapor_sampah v | | | =
| ¢I 4 | penanganan TEXT
id_lapor_sampah INT(11) | ; | .
e ta v |
tg|_|apor_sam peh DATETIME } ] kecamatan | B faivs] b v
nama_pelapor TEXT S 4| |10 kecamaten INT(S) -y d_jadwal INT(5)
nama_kecamatan TEXT
alamat_sam pah TEXT . fm— —1<d  jadwal_buang_sam pzh VARCHAR(20)
———————————— —H 1 glamat TEXT ———————————
keterangan TEXT S | ”  fic_kecamatan INT(11)
 fk_kecamatan INT(11) |atitude VARCHAR(S0) .
|atitude_|aporan VARCHAR(SD) [ —HH ©lengitude VARCHAR(SD) H——————————— |
longitude_laporan VARCHAR(S0) } ot }
penanganan_lapor TEXT } T i‘ }
tgl_penanganan_lzpor DATETIME |
gl_penanganan_lzp - } | } } | laporan_status v
| I } | id_laporan_status INT(11)
} I | } @ fi_user INT(5)
} i } I i #f_kecamatan INT(5)
" tps v | Ir __________ | tgl_laporan_status DATETIME
d_tps INT(11) } I I status_kendaraan TEXT
alamat_tps TEXT | | I status_petugas TEXT
|atitude_tps VARCHAR(S0) [of— — — — —— _! I | |—————4<  penanganan TEXT
|ongitude_tps VARCHAR(50) 1 JI_ I tgl_penanganan DATETIME
& fi_kecamatan INT(5) :| hm o iy | status_maintenance VARCHAR(50)
sam|
> L ] user v ! >
id_sam pzh INT{10) |
id_user INT(11) |
tol_msk_sampah DATETIME |
username VARCHAR(50) |
produksi_sampah INT(10)
_________ #| > password VARCHAR(20) H—— — —— 1
sampah_ditangani INT(10)
evel VARCHAR(20)
@ fk_kecamatan INT(5)
@ fk_kecamatan INT(S)
@ fl_user INT(5)
>
>
Figure 5. ER-Diagram
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Figure 5 shows the ER-Diagram with 13 == D

tables. The subdistrict table is a source of
transactions for other tables and thus requires
sufficient data support in order to provide
accurate information.

ER-Diagram consists of sub-district tables,
garbage banks, tps, users, vehicles, disposal
schedules, vehicle status and officer status, as
well as vehicle details and officer details.

Input data Kecamatan, data
sampah, pengangk utan sam pah,
status kendaraan dan petugas,
j=dwal pengangkutan sampah.,
penanganan status, pelaporan
sampah belum ditangani

!

Proses penghitungan sam pah berdasarkan jumiah
pengangk utan sam pah

-

Proses penanganan status kendaraan dan status
petugas eleh kecamatan

]

Laporan maintenance, laporan
sampah, lsporan status petugas
dan kendaraan, laporan
pengangkutan sam pah

Figure 6. Flowchart

Figure 6 shows a system flowchart which
explains that officials enter District data in the
form of landfills, garbage banks, officer
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details, vehicle details. Then, it continues the
process of calculating the results of
transportation of garbage that has been
previously entered by the janitor to count. The
process of handling the status by sub-district
officials is in the form of vehicle status and
personnel pre-filled by cleaning staff. Then
the final filling is the process of making a
system report in the form of maintenance,
garbage, officer status and vehicle status, as
well as waste transportation reports.

4) Construction

The Construction Stages start by building a
system interface to facilitate user interaction
with the system. The following structure
diagram in the waste treatment system.

30 50 b o

30 el by

30 st petugos’

£ 1]
5 ekl
5 oghde vl

pIEET

6 s o sons™

3052 bendarsan
0 === lporm sumgal
30 ey T st

0= detel bendaraan’

Figure 7. Structured Diagram

To be able to use the system, it is needed to
log in to the system. Users need to have a user
and password to enter the system as shown in
Figure 8 below.

Login Admin

basukkan Lisermamse dan Fassword

Figure 8. Login
Based on the results of the interview, the
next stage carried out by the author is to
design the development of the system created.

e 3

Selamat Datang, daeng baco!

®

Pelugas Kebersihan

Sampah lerlangani

63,343,212

Figure 9. The page for the Janitor Admin

Figure 9 shows the appearance of the
janitor admin page that contains the number of
janitors, total vehicles, waste production, and
garbage handled.

Sz Matmaes & Do Chargrel
£ Teh Torangan

Figure 10. Officer Status Report

Figure 10 shows the form for filling vehicle
status, personnel, and maintenance status as a
report.

/

1
date default timezone set("Asia/Makassar");
$title = "Admin";

include "koneksi.php";

if (isset($ POST['btnkirim']))

!

1
$tanggal = date("Y-m-d");
$status_petugas = $_POST['status_petugas'];
$penanganan = $ POST[ ‘penanganan’ |
$petugas = $ POST[ 'petugas'];
$sql = "INSERT INTO status_petugas VALUES
("', '$kecamatan', ‘$petugas’, '$tanggal’, '$status_petugas','$penanganan')”;
if(mysqli_query($koneksi, $sql)){
header("Location: lapor status_petugas.php")
Jelse{
echo mysqli_error($koneksi);
}
1
J

Figure 11. Script Officer Status Report

Figure 11 shows the program script about
the officer status report created with the PHP
program.
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aan Dan Petugas Lapangan

Figure 12. Status Report List

Figure 12 shows a list of vehicle and field
officer status reports that are useful for
knowing the date, time, and name of the
officer.

Figure 13. Location and List of Sub-District Landfills

Figure 13 shows the location and list of the
District Garbage Disposal Sites in the city of
Makassar. The number of sub-districts is 14
and spread in various regions.

Figure 14. Location and District Garbage Bank

Figure 14 shows the location and waste
bank located in each district in the city of
Makassar. The location of the waste bank is
needed so that people know the right location
to facilitate the management of waste around
the house. Easy and affordable access will
have the opportunity to create environmental
cleanliness that makes the community
healthy.

@ Dashboard

[3 Date Bank Sampah

Laporan Bank Sampah

Tanggal Laporan
Pilih Bank Sampah PILIH BANK SAMPAH

Berat Plastik(Kg)
@ Keluar
Beli Plastik(Rp)
Berat Logam{Kg)
Beli Logam(Rp)
Berat Kertas(Kg)
Bell Kertas(Rp)

Pcs Kaca

Beli Kaca(Rp)

Kirim

Figure 15. Garbage Bank Report

Figure 15 shows a garbage bank report
containing types of waste such as metal,
plastic, paper and glass. This report is filled
out by officers or the public and then sent into
the system.

3 Sistem Layanan Informasi Geografis Pengolahan Sampakh

Figure 16. District Details

Figure 16 shows the community who
wanted to obtain complete information on
names, addresses, transportation schedules for
the sub-district, waste production, transport
vehicles, and the number of officers in the
sub-district.

Figure 17. Waste Handling Reports Not Yet
Treated
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Figure 17 shows the garbage report that has
not been handled by the community to
officials so that it can be transported by
vehicle.
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e i e benghed
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Figure 18. List of Vehicle Status Reports

Figure 18 shows a list of vehicle status
reports that are transporting waste. It is hoped
that the information of vehicles that are
available and ready to operate will help the
community in bringing waste to landfills.

Testing is done by the Black Box method
to find out the truth of the GIS by finding fault
loopholes whether in the form of coding,
design or database. The test focuses on the
functional requirements of the system with the
aim to find errors of function errors, interface
errors, data structure errors, or other
performance errors.

Testing input data includes: admin login,
district admin system, environmental office
admin system, community system. The results
showed 90% of respondents agreed that this
application could be used.

5) Deployment

This stage has resulted in the deployment
of GIS which will be carried out during the
construction phase. Smart city governance
contributes to develop program for mapping
and reporting waste that has been made in
accordance with what is needed such as
features and user interface programs. This
stage uses a web browser. A system
demonstration was conducted in front of
several respondents to get a response back
from the respondents. The results of system
demonstrations  and  simulations  of
respondents indicate that:
1) The system has produced a service system

that helps officers and the community.

2) System users are more enthusiastic about
the report features, such as reporting waste
that has not been handled up to vehicle and
officer status reporting.

Existing features have been used by
respondents and in accordance with the needs
of respondents.

IV. CONCLUSION

The development of GIS-based smart city
governance can be concluded as follows:

1. The spiral model can help in designing
waste treatment systems for government
and community needs.

2. GIS has been able to help the public find
out information about the process of waste
management and distribution in the city of
Makassar to make the public more aware
of the ongoing waste management.

3. Makassar city Government through this
system can monitor the performance of
waste management that takes place in
every district of Makassar city so that it can
maximize the performance of officers and
can support the smart city program of the
Makassar city Government.
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