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PREFACE

Welcome to the Journal of Computer, Electronic, and Telecommunication, Vol. 1, Issue
No. 1. It is my privilege and pleasure to present the second volume of this peer-reviewed
journal, the first published journal under Institut Teknologi Telkom Surabaya. The aim of this
journal is to accommodate the results of research publications through journals, from national
to worldwide, as part of continuous improvement.

As the chairman of COMPLETE, | would like to thank many people who supported to this
journal, especially Research and Community Service Units (LPPM) Institut Teknologi Telkom
Surabaya. Furthermore, as the editor in chief, | would like to extend my sincere thanks to all
members of the editorial and the advisory boards from Institut Teknologi Telkom Surabaya,
whose service, dedication, and commitment have made the creation of this journal possible.
We work together trying to continuously improve the quality and excellence of articles
published.

It is our hope that COMPLETE could deliver valuable and interesting information and
stimulate further research to the telecommunications, electrical, and computer engineering
communities throughout the world.

Surabaya, July 2020

Editor of Journal
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Abstract: Water have been important needs for human life in many sectors such as in industry,
agriculture, and household that its quality must be conserved so is in Surabaya city. The quality of
water could influence the quality of human life directly, thus it is important to have an integrated
water quality monitoring system. Information regarding water quality monitoring such as pH,
dissolved oxygen, turbidity, and conductivity were collected to produce a periodic decision for
controlling, analyzing, and fixing the condition of the water. This paper proposed a design
configuration of water quality monitoring system for tap water in Surabaya. First, a comparison study
of water quality monitoring technology in terms of area, parameter, and methodology from the
previous researchers is presented. From the study, the design configuration of water quality
monitoring system to be implemented in Surabaya is concluded. The data collection method is better
to be done by using Internet of Things (IoT) technology where it is possible to do multiple data type
and multiple point real-time data collection throughout the water distribution network remotely.

Keywords: Water quality monitoring; area; parameter; methodology; internet of things; data
collection; real-time; remote; distribution network; Surabaya.

1. Introduction

The world enters industry 4.0 era where the information exchange became so fast due to the
internet interference. The growth of industry development becomes faster which also increased the
production rate. Although, high production rate was good for the industry, the increment of waste
from the production need to be further considered. The waste might affect the water resource such
as decreasing the water quality [1]. Low water quality was not safe to be used as drinking water and
potentially harmful for public health. Therefore, the water quality needs to be monitored so it can be
evaluated to ensure the public health [2].

In order to conserve the water quality, several researches on water quality monitoring had been
done conventionally. For instance, samples were collected from several sites then transported to
laboratory for further test and analysis. This method was clearly no efficient, which take times and
high cost [3]. Further action was necessary if the water quality was low. However, it would not
relevant anymore because the time between sample collection and analysis results was too long. Real
time and remote monitoring was demanded so fast action could be taken to overcome the reduction
of water quality [4] and this can be achieved by implementing Internet of Things (IoT) in water
quality monitoring [5].

The IoT connects many entities for exchanging information between them such as utensils,

vehicle, appliances, and any kind of tools or machine with embedded sensors and communication
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software through the internet. Nowadays, the IoT concept has been implemented in many aspects of
daily life such as industry, government, household, weather forecast, traffic monitoring, smart farm,
and even the water quality monitoring [4]. The IoT utilize a storage system which is based on cloud
which enable multiple access from any authorized user anywhere and anytime they are connected
to the internet. Therefore, by implementing the IoT, the water quality monitoring surely can be done
in real time, moreover in remote area also.

Although, the real-time and remote water quality monitoring is important, it has not been
considered yet in Surabaya especially the tap water. This paper will discuss about water quality
monitoring in terms of monitoring area in section 2, parameter in section 3, and methodology in
section 4. The discussions are based on articles found in the Web of Science by using key word
“Water Quality Monitoring IoT” and “Water Quality Monitoring Online”. Then, the findings were
concluded in section 5 to decide suitable design configuration of water quality monitoring in

Surabaya especially for tap water (PDAM) in section 6.

2. Water Quality Monitoring Area

Water covers more than 60% of the earth area. However, not all the water on the earth is used
for daily living. It was not necessary to do water monitoring in all water area on earth, except in the
area where the water is used for daily living. From the previous research, the water has been
monitored in strategic area such as in medical environment [6], industrial environment [7],
agriculture [8], aquaculture [9], disaster prone area [10], pipe network [11] and sewage [2], catchment
area [1], household [12] and drinking water supply [13] as shown in Figure 1. In this section, each of
the water monitoring area is further discussed.

78

Medical Industrial Agriculture Agquaculture Disaster prone area

Pipe Network Sewage Catchment Household Drinking

Figure 1. Water quality monitoring area.

The water monitoring in medical environment and industrial environment has not been done
for the tap water, but rather chemical solution. It is not that the medical and industrial does not use
tap water in their daily routine. However, the main concern of liquid in that area was not the tap
water, but another liquid such as chemical solution which directly contribute to the area. For
instance, in medical environment, the IV content monitoring in a saline bag [6] and chemical
content such as calcium threshold in a solution which unnecessary for medicine [14]. On the other
hand, the viscosity of an oil is necessary to be monitored in industrial environment because the oil
was used regularly for the machinery [7].

Agriculture [15], aquaculture [16], and disaster prone [10] area can be categorized as one area
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category of water monitoring. In these areas, it was important to monitor the water especially the
necessary amount of water which was used for irrigation [17]. Too less water was not good for the
plant in a farm, however, too much water was dangerous for the plant life. In some cases, the water
content for watering the plant was also monitored to make sure the plant grows well. As for the
disaster- prone area, the water was monitored as an indicator for early notification of disaster such
as flood [10].

Another area necessary to be monitored was the tap water distribution area such as the
catchment area or water resource area [4, 18], the pipe network itself [19, 20], and the sewage [21].
In these three areas, all the water quality must be guaranteed to be good. Clearly, the water quality
in the catchment area such as river bank, lake, and fountain must be good before starting
distribution [22]. As the water quality in the pipe network in underground [23] must be guaranteed
to prevent quality reduced due to the pipe network issue such as rusty pipe and so on [24]. The
water quality in sewage was also needed to be monitored because it was usually hazardous for the
environment [21]. To determine the water quality, it was necessary to consider multiple sensor [25,
26] which could work independently and remotely [5] in real time application [27]. This is where
the IoT took place in the monitoring system.

Last but not least, the water quality has been monitored near to us which were in household
[16] and drinking water area [28]. The household water or tap water as well as drinking water
were monitored because the tap water is used directly by the end-user, thus the quality assurance
is necessary [21]. The household water can be monitored in the water tank and pipe network [29]
inside the house which could be imagined as small version of water distribution network [30]. As
for the drinking water, the monitoring could be done in water dispenser before the water reach the

glass [5].

3. Water Quality Monitoring Parameter

Several parameters have been considered in water monitoring, such as Fluid Level [6],
Viscosity [7], Water Needs [15, 17], Leakage [23, 24], Volatile Organic Compounds (VOC) [4, 28],
Environment Parameter (temperature, humidity, pollution) [25, 16], and Water Quality Parameter
(pH, oxygen, turbidity, conductivity, mineral content) [5, 21] as shown in Figure 2. Not all the
mentioned parameter directly related to water quality monitoring. Also, depends on the

monitoring purposes, the monitoring could only consider one parameter or multiple parameter.
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Figure 2. Water quality monitoring parameter
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Fluid level and viscosity were the considered parameter in medical and industrial
environment. Both these parameters did not relate to water quality monitoring, but rather a solution
quality monitoring. For instance, the content of IV saline bag was necessary to be monitored for
early notification when the IV was running out [6]. The mineral content in a solution was monitored
because there might be some toxic mineral or unwanted mineral included. The solution which was
contaminated with unnecessary mineral might not suitable for patient’s consumption [14]. On the
other hand, the viscosity of an oil was monitored to ensure the industrial machine could work

optimally by using the monitored oil as a grease [7].

The plant water needs to be fulfilled, however the needs are not necessary to be fulfilled every
time. Therefore, the water needs for plant are considered parameter to be monitored in agriculture
area [8, 15] which was determined by using external information such as the temperature
surrounding the plant and internal information such as the leaf temperature [8]. The water needs
speak about the water volume which has similarity to water usage. However, the term of water usage
was usually used for household area [30]. The water usages were monitored for bill efficiency and
usually combined with electricity monitoring [12]. Although, both these parameters are not directly
related to the water quality parameter, it can still be considered to support the water quality
monitoring system.

Leakage was a common problem found in water distribution network which usually use pipe
as the distribution medium. The investigation of leakage was conducted by using vibration signal
(acoustic, radio, spectrogram) which could be modeled as leakage type, pipe pressure, and current
season as presented in [11, 23]. Flow meter also can be used to detect the leakage in house pipe
network, however without the ability to pinpoint the leakage location [20]. To enable the location
detection, several points of measurement need to be considered in the pipe network. Similar to water
usage and water needs, the leakage is not a water quality parameter, but can be considered as
supporting parameter in water quality monitoring system.

Through all various water conditions and anthropogenic pressure, the quality of water can be
affected by other chemical substances. The water may contain chemical compound such as Volatile
Organic Carbon (VOC). It could be measured using spectrometer to see the UV absorbance of the
water [13]. In another researches, impedance analyzer was used to collect information of vary
impedance of a water due to VOC. It would be dangerous if by any change the VOC or even microbial
inside the water was the one that affect health aspect of living creature [27]. The VOC amount in the
water is necessary to be monitored in real time and remotely to ensure the water quality. Thus, early
notification of microbial re-growth can be obtained as early as possible.

In some researches, the environment parameters such as temperature, humidity, and pollution
are included together with VOC in water monitoring system for assessing the water quality [1, 2, 25].
Previous researches have addressed pH, dissolved oxygen, turbidity, and conductivity specifically
for water quality parameter [9, 18, 27]. The reported water quality parameter is suitable with the
parameter mentioned in standard IS 10500:1991. Another additional information that could be
considered in water quality monitoring was the nutrient content as reported in [5]. Combining all
the parameter to be considered in water quality monitoring, the water quality can be guaranteed and

moreover the abnormality can be quick assessed due to vast amount of data available.



Complete 2020, Vol. 1, No. 1, doi.org/10.52435/complete.v1il.43

4. Water Quality Monitoring methodology

In doing the water quality monitoring, several methodologies have been conducted by
previous researcher. In this paper, the methodologies were categorized based on measurement type
and monitoring type. Based on measurement type, the methodologies are divided into direct
measurement [1] and indirect measurement [4]. Then, based on monitoring type, the methodologies
are divided into offline monitoring [24], online monitoring [8, 13], and remote-online monitoring

[9, 29]. Illustration of water quality monitoring methodology is shown in Figure 3.

Cffline Online OriinaTemate

"&s;x

Indirect

Figure 3. Water quality monitoring methodology

The direct measurement means the parameter to measure the water quality were measured
using the respective sensor. For instance, the temperature was measured using temperature sensor
[31] and water pH was measured using pH sensor [9]. On the other hand, indirect measurement
was conducted using sensor which was different with the measured parameter, thus a model was
needed to obtain the measurement result. For instance, the leaking was measured using acoustic
sensor. To locate the leakage, propagation model of the acoustic signal was derived to pinpoint the
location of the leakage [11, 19, 20, 23].

Depends on the monitoring type, the water monitoring methodologies are divided into offline,
online, and remote-online monitoring methods. The offline monitoring methods were the
conventional way to monitor the water quality which was not suggested anymore [15, 24]. Online
monitoring was a promising method to monitor the water quality. Any detected abnormality for
instance, leakage in the network could be known right away, thus further action could be taken to
fix the abnormality [4, 29, 30]. In addition, the online monitoring that can be done remotely was the
most suggested method, thus called as remote-online monitoring. These methodologies enabled an
online monitoring in a remote area notably the catchment area [5, 18, 25] and buried pipe network
[23, 24] which can be done easily by IoT [22]. Some of the previous works also consider multiple
point measurement instead of single point measurement to enable abnormality prediction and
analysis using model [20, 24] or even artificial intelligence [23]. For instance, water contaminant
detection in several point in a house pipe network to analyze the contaminant distribution [28]. In
some research, the monitoring was done in several point with different way such as local point
measurement, airborne measurement, and satellite [27]. In another research, multiple point
measurement was used to obtained different information to produce satisfying hot water in terms

of energy usage and water temperature [31].

5. Discussion
In this paper, several aspects regarding water quality monitoring had been discussed in terms

of area, parameter, and methodology. Table 1 shows the summary of water quality monitoring. Most
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of the previous works pay attention to do water quality monitoring in catchment area [4, 25],
household area [16, 29] and drinking water [5, 28]. This is because the main function of the water
itself which is to be consumed by living creatures.

The leakage monitoring in pipe network also has high attention because it affects the water
resource and distribution [23, 24]. Other than that, the water monitoring can be seen in agriculture
for the plant water [8, 15] and in aquaculture for the environment condition [9, 16]. The parameter
which was being measured to assess the water quality were pH, dissolve oxygen, turbidity,
conductivity (EC), and mineral content. This is suitable with parameter mentioned in drinking water
standard IS 10500:1991. In some cases, the environment parameter suchas temperature and
humidity were considered for luxury application such as home water heater [31]. The volatile
organic compounds (VOC) were also necessary to be measured because it affected the long-term
health although it was not acutely toxic [2, 28]. Water usages and leaking monitoring was necessary
to be monitored for ensuring the high- quality water was well distributed [23, 24]. As for fluid level
and viscosity, it was not considered for water quality monitoring as its application was for chemical
solution in medical ~andindustrial application [6, 7, 14].

There were lots of parameter to be considered in doing the water quality monitoring. Therefore,
the IoT methodology was the most prominent method to be implemented [26]. That was because it
could realize an integrated water quality monitoring by combining many kinds of respective sensor,
thus build a sensor network to collect data for assessing the water quality in real time [14]. The IoT
also provided a remote-online monitoring, therefore the monitoring could take place in a remote area
such as in a catchment area [27]. Moreover, multiple point measurement could also be implemented
using this IoT method. Various type of data could be collected, thus opened the possibility of machine
learning to develop a decision-making process for pin pointing the abnormality location and

determining anecessary action due to abnormality [5, 28].

6. Proposed Design Configuration

The previous researches pay close attention to real-time and remote water quality data
collection using sensor network through internet (IoT) real- time and remote data collection. The data
is then can be used for analysis such as water quality classification, abnormality location, and further
action due to the abnormality accordingly using machine learning method. This section explains the
proposed design configuration for water quality monitoring in Surabaya as shown in Figure 4.

The proposed system has multiple point of data collection such as module A, module B, and
module C. At least, there are three data collection points such as at the source, along the distribution
network, and at the sink. It is expected from multiple data collection point that more information can
be obtained, thus better water quality classification and abnormality location analysis can be
conducted. In each module, there are sensors such as pH, oxygen, turbidity, conductivity sensors,
and flow meter sensors. Data from the sensors are sent to the cloud server. This information is then
can be accessed by authorized personal on their smartphone or personal computer anywhere and

anytime they were connected to the internet.
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Table 1. Summary of water quality monitoring research

Monitoring
References
Area Parameter Methodology
6 Medical Fluid level Indirect measurement, remote-online
14 environment Mineral content using IoT.
Industrial
7 Viscosity Indirect measurement, online
environment
15 Indirect measurement, offline
8 Agriculture Water needs/ water usages Indirect measurement, online
Indirect measurement, remote-online
17
using IoT
pH, oxygen, turbidity, Direct measurement, remote-online
9,16 Aquaculture
conductivity, temperature, VOC using IoT
Disaster prone Direct measurement, remote-online
14 Water level
area using IoT.
11, 20,
Indirect measurement, offline
24
Indirect measurement, remote-online
23
Pipe network Leakage using loT
19 Direct measurement, offline
Direct measurement, remote-online
21, 26
using IoT
Direct measurement, online
2 VOC
monitoring
Sewage
pH, oxygen, turbidity, Direct measurement, remote-online
21
conductivity using IoT
Indirect measurement, remote-online
4
VOC using IoT
Direct measurement, remote-online
1,25 Temperature, humidity, pollution
Catchment area using IoT
27 Direct measurement, online
pH, oxygen, turbidity,
conductivit Direct measurement, remote-online
18,5, 22 Y

using IoT
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29 Leakage Indirect measurement,
remote-online using IoT
Household
12, 30 Water needs/water usages Direct measurement, remote-online
16, 31 Temperature, humidity, pollution using IoT
13 Indirect measurement, online
vVOC
28 Direct measurement, online
21 Drinking water Leakage
Direct measurement, remote-online
pH, oxygen, turbidity,
5 using IoT
conductivity

Figure 5 shows the proposed module of water quality system monitoring. There are two
chambers inside the module box namely lower and upper chamber. On the lower chamber, there is
a pipe that goes outside the module box which can be installed directly to the water distribution

network and sink pipe. It can also be put float on a water tank at the source point with the help of

T NN |

=

C =
a

Personal Computer

Module A Water Tank
, = |
Module C Module B @ |

&

!

Figure 4. Proposed design configuration of water quality monitoring in Surabaya.

sink

Microcontroller

pH sensor
Wifi Module

Conductivity sensor
Power Supply

Water flow
Upper chamber

Oxygen sensor
Turbidity sensor

Flow meter sensor
Lower chamber

Figure 5. Proposed water quality monitoring module. The module architecture

(a); module installed on a water tank (b); module installed on a pipe network (c).
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weight and buoy. The sensors are installed to pierce the pipe structure thus it can
collect the water quality data. On the upper chamber, there are power supply,
microcontroller, and circuit for reading and sending the data from sensors. Lastly,
there was also a wifi module for data communication between the module and the
cloud.

7. Conclusion

In this paper, preliminary study to decide design configuration for water quality monitoring
in Surabaya is presented. Comparison study on water quality monitoring has been conducted in
terms of monitoring area, monitoring parameter, and monitoring methodology. Based on the
previous researches and future trends suggestion in previous sections, the combination of water
quality parameter (pH, oxygen, turbidity, conductivity, VOC), leakage, water usage, are necessary
to monitor the tap water quality in Surabaya. Thus, in the proposed monitoring module, there are
pH sensor, conductivity sensor, turbidity sensor, and flow meter sensor to obtain that information.
Monitoring module are proposed to be installed in multiple point of measurement namely source,
network distribution, and sink. By doing this, it is expected that many information can be obtained
to conduct water quality and abnormality, and location analysis. The modules are connected using
IoT technology, so it can communicate with the cloud server for data storage and authorized
personal for a decision. The next step is to develop the module and capture the water quality data

of tap water in Surabaya.
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Abstract: Smart vehicles is one of the innovation that can be used to increase the effectiveness of
traffic in smart city as urban area and in the highway. In its development, smart vehicles not only
require mobile communication services to ensure safety but also multimedia services for the
passengers. These services must be integrated on intelligent transportation system. 5G vehicular
network technology provides data communication services for intelligent transportation system via
macrocells and smallcells to support smart vehicles which can drive at a maximum speed of
500Km/hour with multimedia services for passengers with data rates reaching the Gbps level. This
paper will review 5G network architecture and emerging technologies that enabling vehicular
network for smart vehicles in smart city.

Keywords: smart vehicles, smart city, 5G, microcell, smallcell, network, intelligent transportation
system.

1. Introduction

Smart city is an innovation that developed in the last ten years by utilizing sensors, actuators,
cloud technology as data and information centers connected to broadband communication networks.
The concept of smart city will produce a variety of new service scenarios for the community so that
it can change the style and way of life of people [1] and increase economic growth [10].

As a smart city enabler technology, 5G networks providing broadband communication services
are the key technology that must be in place to serve data communication traffic from sensors to the
cloud. There are three main scenarios in the 5G service: Enhanced Mobile Broadband (eMBB) for
multimedia and mobile communication, then Ultra Reliable and Low Latency Communications
(URLLC) can be used for transportation services and Massive Machine Type Communications
(mMTC) for Internet of Things (IoT) applications that use many devices such as sensors and actuators.
Development of 5G wireless technology will make cites smarter and more connected with smart
items, smart vehicles and infrastructure (roads, buildings, etc.).

According to Colistra [2], in 2050, the global population is approaching 10 billion with a
percentage of 70% being urban people. The concept of smart city is part of a new mechanism to build
and organize the city and the environment within it with a variety of integrated internet connectivity
to prepare for the future and a better quality of life.

In the 21st century, the concept of smart city can be translated into several main components
which include smart economy, governance, society, science, technology, community life and the
environment [4]. Smart cities are urban areas where there are various sectors that work together to
achieve sustainable results through real-time information analysis by sharing specific information
and operational technology systems [6]. The goal of the government to implement smart city is to
improve operational effectiveness in meeting services to the public by utilizing technology and for
the purpose of making decisions quickly and accurately in real-time [5]. Because of that we need a
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system that can integrate the main components and their derivatives, namely: smart house, smart
vehicle, intelligent transportation system and others. Especially for smart vehicles, the development
of this system leads to intelligent automobile systems or autonomous vehicles that are designed to
work like the human brain [7]. The core of Smart vehicle is the internet of vehicle, which is an
application of Internet of Things (IoT) technology in intelligent transportation system (ITS) [15], that
lead to the development of vehicle to everything (V2X) including vehicle to vehicle (V2V), vehicle to
infrastructure (V2I), vehicle to pedestrian (V2P), vehicle to road (V2R) and vehicle to network (V2N)
which require ultra high reliability [16].

2. Vehicle to Everything Communication

Vehicle to everything (V2X) communication is a technology and standard that enable a vehicle
to communicate and interact with the user, road, infrastructure, pedestrian and network is shown in
Figure 1[19] [22].

2.1 Vehicle to Vehicle Communication

V2V communication services is designed for connected and autonomous vehicle need
continuous access to vehicle’s sensors to support advanced trajectory planning and high speed
maneuver [20]. There are two trajectory planning schemes in V2V communication, first sort-term
trajectory planning which is using data from its vehicle’s sensor and long-term trajectory planning
which is using another vehicles and infrastructure around. Therefor a connected vehicle can take
dynamic decision safely depend on traffic situation [21].

2.2 Vehicle to Pedestrian Communication

V2P communication is aiming to improve the safety of pedestrians using cellular technology on
smart phone. All of connected vehicles, cyclists and pedestrian will send information including speed,
location and direction to the cloud server. These data is used to determine safety and hazard situation
warning messages such as vehicle collision.
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Figure 1. Kind of technologies for vehicle to everything communication [19].

14



Complete 2020, Vol. 1, No. 1, doi.org/10.52435/complete.v1il.44

2.3 Vehicle to Infrasrukture Communication

The main purpose of V2I is sharing information and data bidirectionally to the side road
components such as traffic lights, street light, parking area, traffic camera, RFID, etc. the components
that required by V2I communication are vehicle on-board unit (OBU), roadside unit (RSU) and safe
communication channel. OBU is a radio transceiver for dedicated short range communication (DSRC)
system, GPS, and provide communication with RSU. RSU made data transfer and message
management to the vehicles.

2.4 Intra Vehicle Communication

Intra vehicle communication facilitating data transmission between vehicle components and
vehicle sensors. This communication is important to make sure safety driving such as driver sensor
which monitor driver condition and another vehicle sensors that monitor tire condition and braking
system. These communication via wireless interconnection and ethernet.

3. Vehicle Networking Communication Standards

Development of smart vehicle network is based on all of networking system rather than one
system including cellular system, short range communication system, WLAN, and satellite
communication system. From these overall systems we can compose to be three core elements [15]: ¢
Node: It is a vehicle network terminal element that used to collect and transmit data on vehicle, road,
traffic and vehicle owner including GPS, On-board diagnostics (OBD), sensor, RFID, etc.

*  Local Network: The network technology that used in a environment for traffic and roads
to fulfil the requirements for vehicle communication.

* Internet of Things: A important component to built intelligent transportation system.

3.1 Dedicated Short Range Communication.

Dedicated Short Range Communication (DSRC) or IEEE 802.11p is a ad-hoc network for
vehicle communication. A wireless access in vehicular environment which have good performance
on delay while transmitting data in order to avoid vehicles collision [15] [17].

3.2 Cellular Communication

With large scale coverage area of Radio Access Network (RAN), Cellular communication
technology has important role for machine to machine communication (M2M) as V2V application.
3GPP had defined standard communication for V2X based cellular network called C-V2X based 4G
LTE (Figure 2) and future 5G. C-V2X will be good complement with DSRC technology [18].
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Figure 2. C-V2X based 4G network [18].
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Figure 3. 5G network with MEC [18].

3.3 Vehicle Ad-hoc Network

Vehicle Ad-hoc Network (VANET) is a combination between DSRC and cellular technology or
IEEE 802.11p within 4G LTE, that called LTE-V2X, support high speed mobility, reliable
communication and better security level. LTE-V2X will use 802.11p frequency band for direct
communication and have inertial navigation device that maintain positioning accuracy without GPS.

4. 5G Vehicullar Network

There are three main scenarios in the 5G service, one of them is a service scenario used in data
and multimedia communication applications with the main performance parameters at a data rate
reaching up to 20Gbps on donwlink and 10Gbps at uplink [8]. The advantage of 5G technology is the
ability to integrate and interconnect with existing networks using network function virtualization
(NFV). The vehicullar network architecture in smart city services uses a centralized cloud system,
distributed cloud and mobile cloud (Figure 3). In this network architecture there is the fog computing
node that can provide mobile services for smart vehicles and multi-media applications for passenger.
Part of the core of this architecture is the Visualization Plane Infrastructure which allows the
formation of network visualization and function visualization [10].

Distributed clouds witch located at the edge of network infrastructure is called multi access edge
computing (MEC) technology. The main purpose of MEC is fulfill low latency and high bandwidth
requirements. As we mentioned above that vehicular communication require high level reliability
(99.99%) to maintain connection V2X [16].

Radio Access Network (RAN) technology which used for smart cars can be microcell, smallcell
or microcell. For the use of microcell, you can use light poles on the side of the road with the
advantage of being able to save infrastructure. The use of mmWave can significantly increase
bandwidth and data rates. Smallcells are currently being developed using sensor technology and light
emitting diodes (LEDs) [11]. Another thing to note is the 5G network can work at 4G network using
non-stand alon scheme. To provide Gbps bit rate the use of fiber optic cable on the transport network,
especially on the fronthaul which functions to send signals from the base band processing unit (BBU)
to the antenna [13] [14]. Direct communication for V2V and V2I is called PC5 interface. PC5 using
direct channel that not required 5G base station (gNB).

5. Conclusions

The primary purposes of V2X communication technology is to improve driving safety and
optimizing traffic in smart city. To achive that purposes required high reliability communication
which can delivered by orchestration cellular technologi, 802.11p, DSRC, and utilization of MEC on
5G network technology. For the future research we need performance analysis (including troughput
and hanover parameter) for each network which used in 5G vehicular network.
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Abstract: Energy consumption has been increasingly affected by many factors such as population
growth, energy price, etc. This paper utilizes data analysis to examine energy consumption data and
its correlation to GDP growth, particularly in the case of Indonesia. The data observed in this study
comprises a record from 1961-2018. An exploratory data analysis was employed to comprehend the
features of the data, while beforehand a pre-processing and testing were conducted to prepare the
data. Data visualization was built then a Spearman correlation rank was also performed to see the
association among variables. The result shows that energy consumption is dominated by fossil
generated energy i.e. oil, coal, gas. Meanwhile, renewable energy was started to use since early 2000
with a huge leap of consumption on solar energy. The result of correlation ranking indicates that
the energy consumption and GPD growth have no significant association as the rank value is
negative and the p-value is greater than the chosen significance level. Moreover, Indonesia has the
opportunity to switch to geothermal energy which contributes 3.6% to the national energy supply.

Keywords: energy; data analysis; GDP

1. Introduction

Energy has been always an issue to be encountered by many countries including Indonesia. As
the fossil energy sources have decreased rapidly while its consumption is soaring gradually, there is
a need to look forward the energy security and at the same time maintaining the consumption
efficiency. Energy security is a such condition of energy availability secured and affordable for
relatively a long period not being affected by the regional nor international fluctuation [1]. Global
Energy Institute reported in the International Index of Energy Security Risk 2020, that the world will
require the amount of energy 31% larger in 2040 than we produce today [2]. The report shows that
Indonesia is classified as a large energy user group at ninth place among 25 countries.

By 2050, the demand of energy in Indonesia is expected to reach the average of 4.9% growth
every year, in case of business as usual scenario is applied [3]. Population growth, economic growth,
energy price, and development of technology are those among factors that affected the energy
demand [3]. On the other hand, the growth of GDP may also be driven by the amount of energy
consumption to boost up the industrial and economic activities. Thus, it is necessary to oversee the
rate of energy consumption meanwhile the energy conservation program is carried out.

This study particularly attempts to unfold the correlation between energy consumption and
GDP. The energy consumption data of Indonesia and the data of GDP growth were deserved to assess
further by intention to give a broader view on how Indonesia spend most of their energy. Moreover,
it may lead to provide insights for the government so that they are able to formulate an appropriate
regulation. Exploratory data analysis approach was employed to analyze the data by which
beforehand was pre-processed to prepare the data. Shapiro-Wilk test was performed to examine the
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data distribution while another test so-called Spearman rank correlation was conducted as well to
find out the relationship among observed variables.

In the recent study, we found some literature that investigates the energy consumption data for
various objectives. Fatai et al. (2004) discussed the application of co-integration analysis, i.e. Granger
causality, to study the relationship between energy consumption data and GDP using a case study in
New Zealand, Australia, and four Asian countries including Indonesia [4]. It is highlighted in their
study that there was a unidirectional link from energy to income, particularly in Indonesia. The same
method was employed in a paper by Lise and Montfort whereas the study was specifically performed
to analyze the energy consumption in Turkey [5]. In addition, another method to elucidate the
relationship between energy and GDP is using panel data analysis approach by which it observes
time-series cross sectional data [6], [7].

To complement those studies, this paper asserts the use of graphical representation to explore
the salient features of energy consumption and GDP data. The paper is, then, organized into four
sections. In addition to this introduction, Section 2 will discuss about the data and methods to analyze
them by means of data exploratory analysis. In Section 3, the result of data analysis is presented.
Spearman rank correlation was employed to show the association between the energy consumption
and the GDP. Meanwhile, the Section 4 discusses the results.

2. Materials and Methods

2.1. Data

The data utilized in this study is available online taken from the website of world bank and
British Petroleum (BP). From the world bank we collected the GDP data which comprises the record
of country’s GDP growth per capita from 1965-2017 [8]. Meanwhile, the energy consumption data
provided by BP comprises annual data available from 1961-2018 [9]. The data contains energy
consumption which can be categorized into two by its sources, i.e. non-renewable energy (oil, coal,
gas, nuclear) and renewable energy (hydropower, wind, solar, others).

2.1. Methods

2.1.1. Data Pre-Processing

Prior to harness the data for analytical purpose, the data is required to undergo a pre-processing.
We filtered out the data, both GDP and energy consumption data, from Indonesia only as we only
concern to analyze the data from this country in the present study. Then, both data were combined
by intersecting its year vector values. So that the merged data has the same series of period. We also
removed non-essential part of the data, particularly in the energy consumption data, we eliminated
the column nuclear as Indonesia has not yet owned nuclear power.

2.1.2. Testing

Once the pre-processing data completed, the following stage is to conduct statistical testing, thus
we can choose the appropriate means to analyze the data. Herein, we conduct Shapiro-Wilk test (see
equation 1) to examine the normality of data.

_ iy aix)?
X (g - 2P

The null hypothesis (H,) assumed that the data is normally distributed. Otherwise, the
alternative hypothesis (H;) assumed that the data does not follow normal distribution. If the test
result indicates p-value is less than the chosen alpha level, then the null hypothesis is rejected, and
the alternative hypothesis is accepted. Thereby, we can be evidently confident that the data tested are
not normally distributed. On the other hand, if the p-value is greater than the chosen alpha level, then
the null hypothesis is accepted and reject the alternative hypothesis by which we can conclude that
the data came from a normally distributed population.

w M
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Another statistical test that we conduct herein is Spearman rank correlation coefficient which
measures the association between two observed variables X (independent variable) and Y (dependent
variable). This rank, denoted as r;, can be computed as follows:

n
=1 —LZ d? @)
$ n(n? —1) - t

where d; is the deviation between the ranks assigned to x; and y; with the number of n pairs of
data. The rank value (7;) will range from -1 to +1 which indicates the direction of association of both
variables. If the rank value 7y is equal to zero, it may be inferred that there is no tendency of those
variables to be correlated. In addition, if the p-value is smaller than the chosen alpha level it means
the correlation is considered to be significant.

2.1.3. Data Analysis Procedure

In order to gain understanding of the data including their relationship, an exploratory data
analysis (EDA) approach was performed. This method was introduced by John W. Tukey by which
it tries to look the data from as many aspects as possible [10]. Hence, we may be able to probe the
underlying features reside in the data. The EDA offers an advantage as there is no model to be
considered, rather it emphasizes the data visualization to comprehend its characteristics.

Numerous studies have employed EDA method to carry out analysis regarding the energy
consumption data. Filipovic et al. studied about energy security index using EDA approach to
determine a new index considering economic, environmental, political, and social dimensions [11].
Their observed 28 EU countries for ten years period of energy security index data. The study found
that GDP per capita greatly affects the country’s energy security. Another study by Baker and Rylatt
(2008) tried to improve the prediction of energy demand by analyzing annual energy consumption
data [12]. Meanwhile, Tyralis et al. used EDA to understand the time series electrical energy demand
data and building a forecasting model [13].

In this study, analysis was performed by observing the statistical descriptive summary to see
the range of energy consumption of each source. Thereafter, we can easily categorize the data which
has a closed band of the amount of energy. The following step was to visualize the data using boxplot
and time series line chart. Thus, it is possible to compare each energy source’s statistical value, e.g
median, maximum, and minimum. By means of time series line chart, we may examine the movement
and trend over the period. The Spearman correlation rank test was performed to examine the
associations between energy consumption, at each source, and the GDP. Finally, a correlogram
correlation matrices was built to visualize the association of each variables.

3. Results

3.1. Data testing

The energy consumption data contains 5,066 records by which after cutting off to observe the
data from Indonesia, we obtain 54 records. In the meantime, the GDP data by Indonesia only contains
about 57 records whereas the raw data has 11,315 records. Since the energy consumption data and
GDP data has the different range of period, both data are then intersected and obtained 54 records
which range from the year of 1965-2017.

In order to test the normality of each data, Shapiro-Wilk test was performed using a = 0.05 and
Table 1 below shows the test result. As shown from the table, most of the data do not follow the
normal distribution as its p-value is less than the given a value, except for the Wind and Other data
that closely follow the normal distribution. In addition, the energy consumption data has been
classified into three different groups according to its consumption level. The first group contains the
data of energy consumption produced by oil, coal, and gas whereby they produce the biggest energy
consumption with average more than 150 terawatt-hours. The second group consists of the energy
consumption data produced by hydropower and other sources with both have roughly the same
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median to 17 terawatt-hours. Meanwhile, the energy consumption data produced by wind and solar
which almost share the same median of 0.01 terawatt-hours are put together into the third group.

Table 1. Shapiro-Wilk normality test for each energy consumption by its source

Variables \4 p-value
Oil 0.91104 0.0007855
Coal 0.74532 3.117e-08
Gas 0.87809 6.268e-05
Hydropower 0.90803 0.0006137
Solar 0.73971 0.002674
Wind 0.83857 0.05568
Other 0.93561 0.08551
GDP 0.67043 1.233e-09
g 750
:
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Figure 1. Box plot of energy consumption produced by oil, coal, and gas
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Figure 2. Box plot of energy consumption produced by hydropower and other sources
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Figure 3. Box plot of energy consumption produced by solar and wind

3.2. Exploratory data analysis

Figure 1 presents the statistical summary of energy consumption data produced by oil, coal, and
gas. During the period energy produced by oil has a lot of usages compared to other sources by which
it is confirmed by the median surpass the other two data. On the other hand, however, the energy
consumption produced by oil has also more variability. The figure also reveals that the coal data and
gas data have relatively similar variability, however the coal data has more skewness to the right.
Over the period, the energy consumption produced by the coal has been surpass the gas and nearly
reach the 0.75 percentile of the oil data.

Figure 2 summarizes the statistical features of energy consumption data produced by
hydropower and other sources. Both data share the quite identical median that is 17 terawatt-hours,
however, the hydropower data has more variability and its maximum value is higher as well than
the other sources do. Moreover, Figure 3 depicts the statistical summary of the rest group data that
is energy consumption produced by solar and wind. Both data has relatively low energy
consumption under 0.02 terawatt-hours and the wind data has more skewness to the left.

750~

source
500 - Coal
Gas

ail

consumption (terawatt-hours)

1970 1980 1990 2000 2010
year

Figure 4. Energy consumption of the first group per year during 1965-2017

Figure 4 depicts the change of energy consumption produced by oil, coal, and gas. Meanwhile,
Figure 5 and Figure 6 show the change of energy consumption in the second and third group,
respectively. The consumption of most of energy sources are soaring over period. The energy
consumption from coal has surpassed the gas by the year of 2010. In the meantime, energy generated
by hydropower was utilized relatively low during 15 years in early period. Then, the consumption
increased rapidly by 1985 and fluctuated after 1990. On the other hand, the utilization of other
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renewable energy was begun at 1990 with relatively low variance, however, the usage yet lower than
those produced by hydropower. In fact, it is shown that the cultivation of renewable energy from
solar and wind was just started at 2007. Apparently, the consumption from wind energy was
somehow quite low under 0.02 terawatt over the period. From Figure 6, it is also shown that the
usage of solar energy was escalate incisively since 2015.
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Figure 5. Energy consumption data of the second group during 1965-2017
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Figure 6. Energy consumption data of the third group during 2007-2017

Considering the growth of GDP along with the energy consumption over the period, a bubble
chart visualization is presented in Figure 7, Figure 8, and Figure 9 for each group of energy sources,
respectively. The bubble size represents the amount of energy consumption in terawatt-hours. Note
that each chart is depicted an outlier of the GDP in an extremely condition which occurred in crisis
period 1998 with only -14.34% growth of GDP. It is shown from Figure 7 and Figure 8 that the amount
of energy consumption relatively getting increased since 1990, though there was still no implication
in a positive way to the growth of GDP. In addition, Figure 9 reveals another outlier of GDP growth
with only about 3.2% that occurred in 2009. The energy consumption from solar increased gradually
since 2013. Meanwhile, the energy consumption produced by wind was vacant at 2014 and 2017 as
no bubble shown in the figure.
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Figure 7. Change of energy consumption (oil, gas, coal) and GPD over period 1965-2017
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Figure 8. Change of energy consumption (hydropower and other) and GPD over period 1965-2017
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Figure 9. Change of energy consumption (solar and wind) and GPD over period 2007-2017

3.3. Correlation between GDP and energy consumption

Herein, the association of GDP and energy consumption by means of Spearman correlation rank.
The data was divided, for the sake of simplicity, into three groups. The first group comprises the
energy consumption data of oil, gas, coal, and hydropower by which the usage period was started at
the same year. The second group consist the data of energy powered by solar and wind by which the
usage of these power was started relatively the similar period since 2007. Thus, the observed GDP
growth was tailored to the same period by 2007. The third data is left only for the energy consumption
of other generated power as it was firstly utilized at 1990 which had the different period to the other

sources.
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Figure 10. Correlogram of energy consumption and GDP. (a) The correlation matrices between GDP
and energy consumption produced by oil, gas, coal, and hydropower. (b) The correlation matrices
between GDP and energy consumption produced by solar and wind.
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Table 2 and

Table 3 show the correlation rank for the first and second group, respectively. As depicted from the
tables that the correlation between GDP and most of energy sources has negative association. In
addition, the correlation rank between the consumption of other powered energy and GPD yields the
rank r = —0.2364. Figure 10 illustrates the correlogram matrices which visualize the result of
correlation rank in Table 2 and Table 3 into figure (a) and (b), respectively. Positive correlation is
indicated by the blue color, otherwise the negative correlation is indicated by the red color.
Meanwhile, the color intensity and the size of circle imply the proportion of the correlation coefficient
value. As we can see that the consumption energy generated by wind and gas are the highest rank
while the solar energy is the lowest rank. The p-value (see Table 4), by which larger than the
significant level (alpha) 0.05, also indicates that correlation between energy consumption and GDP
growth is considered as insignificant.

Table 2. Spearman correlation rank of GDP and energy consumption produced by oil, gas, coal, and

hydropower
0il Gas Coal Hydropower GDP
Oil 1.0 0.9797 0.9726 0.8941 -0.0420
Gas 0.9797 1.0 0.9639 0.8903 -0.0411
Coal 0.9726 0.9639 1.0 0.9159 -0.1151
Hydropower  0.8941 0.8903 0.9159 1.0 -0.1098
GDP -0.0420 -0.0411  -0.1151 -0.1098 1.0

Table 3. Spearman correlation rank of GDP and energy consumption produced by solar and wind

Solar Wind GDP
Solar 1.0 0.3072 -0.1676
Wind 0.3072 1.0 -0.0359
GDP -0.1676 -0.0359 1.0

Table 4. p-value of Spearman correlation test

Energy p-value
source/GDP

Oil 0.7647

Gas 0.7700
Coal 0.4116
Hydropower 0.4333
Solar 0.6914
Wind 0.9327
Other 0.2248

4. Conclusion

The paper discusses pertaining energy consumption in Indonesia during the period between
1965 and 2017. As well as trying to unfold the relationship of energy consumption and the growth of
GDP. The energy consumption data examined in this study was divided by its sources into seven i.e.
oil, gas, coal, hydropower, solar, wind, and other. An exploratory data analysis approach was
employed to reveal the features of the data. The method emphasizes on the graphical representation
analysis. Two testing were conducted prior to the analysis i.e. Shapiro-Wilk test and Spearman

correlation rank.
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The testing result of normality test indicates that most of the data did not follow normal
distribution. Hence, to figure out the association between energy consumption and GDP growth
Spearman correlation rank was employed. The result implies that in general energy consumption is
increasing gradually despite its source. In regard of renewable energy, Indonesia uses a numerous
amount of energy generated by solar power since 2015 with a huge leap on the following year. On
the other hand, the result of correlation test implies there was no significant relationship between
energy consumption and GDP growth indicated by the negative rank value. Notwithstanding, as the
growth of energy consumption, moreover, the energy reserve is decreasing. It is expected that, in case
of Indonesia, the reservation of oil, gas, and coal reserve will last at 2024, 2052, and 2091, respectively
[1]. Hence, to maintain the energy security index Indonesia needs to switch to the alternative
renewable energy, such as geothermal energy which contributes 3.6% to the national energy supply
[14].
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Abstract: Teknologi seluler, terutama 4G-LTE, telah berkembang ke arah yang jauh lebih canggih.
Teknologi 4G-LTE merupakan kelanjutan dari teknologi sebelumnya yang disebut 3G. Dalam
penelitian ini, perhitungan kekuatan sinyal kemudian digunakan untuk menghitung kerugian yang
terjadi pada frekuensi 2300 MHz di sepanjang Jalan Cihampelas Bandung, yang memiliki panjang
lintasan 2.7 Km. Metode penelitian yang digunakan adalah metode kuantitatif yang menggunakan
data primer hasil pengukuran, kemudian membandingkannya dengan metode empiris dalam
bentuk perhitungan ideal. Perhitungan di lingkungan outdoor menggunakan Model Okumura
dengan mempertimbangkan topologi maupun rugi-rugi propagasi di sepanjang Jalan Cihampelas
Bandung seperti Skywalk Cihampelas dan bangunan bertingkat. Hasil penelitian ini dinyatakan
dalam bentuk tabel dan grafik dengan menggunakan Matlab sehingga mudah untuk menarik hasil
analisis dari penelitian yang dilakukan, yang mana diketahui bahwa rugi-rugi propagasi yang
terjadi mempengaruhi Reference Signal Received Power dari jaringan komunikasi seluler berbasis
teknologi 4G-LTE.

Keywords: Reference Signal Received Power, Rugi-Rugi Propagasi, Model Okumura, Lingkungan
Outdoor, 4G-LTE

1. Pendahuluan

Bidang telekomunikasi telah banyak mengalami perkembangan yang sangat signifikan.
Penerapan teknologi khususnya telekomunikasi telah merambah ke segala bidang. Teknologi 4G-
LTE merupakan teknologi seluler terbaru dan telah digunakan secara massal dengan mengandalkan
kecepatan yang melebihi teknologi 3G. Dalam banyak kasus, 4G-LTE telah memberikan manfaat
yang besar dalam membantu terselesainya sebuah pekerjaan.

Salah satu segmen pekerjaan yang mengandalkan kecepatan akses 4G-LTE adalah transportasi
online. Sebagai bentuk pekerjaan yang berbasis pada layanan, transportasi online sangat bergantung
pada akses internet dalam memenuhi layanan customer. Demikian pula customer, memerlukan hal
yang serupa.

Dengan kepadatan trafik data di kawasan yang ramai, kecepatan akses data begitu penting,

khususnya di area yang diklasifikasikan sebagai wilayah wurban. Sebuah akses data dengan
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mengandalkan kecepatan maupun kestabilan connectivity jaringan, tidak akan lepas dari rugi-rugi
propagasi yang terjadi di sepanjang lintasan yang menghubungkan antara UE (User Equipment) dan
e-NodeB (eNB). Perlu dilakukan perhitungan khususnya terhadap wilayah yang memiliki tingkat

kepadatan tinggi, baik dari segi trafik lalu lintas, maupun kepadatan pengguna jaringan komunikasi.

Dalam paper ini, dilakukan perhitungan rugi-rugi yang terjadi pada frekuensi 2300 MHz
sepanjang Jalan Cihampelas, dimana tingkat kepadatan trafik baik dari segi UE sebagai pengguna
layanan broadband maupun pengguna lalu lintas sebagai user mobile yang melintas di sepanjang area
yang diteliti. Jalan Cihampelas memiliki profil yang tepat dalam mengukur rugi-rugi propagasi
dengan panjang lintasan mencapai 2.7 Km.

Tujuan dari penelitian ini adalah melakukan perhitungan dengan menggunakan model
Okumura dalam menghitung RSRP (Reference Signal Received Power) yaitu kuat sinyal 4G-LTE yang
diterima oleh user dalam frekuensi tertentu. Adapun hasil dari penelitian ini, kemudian dijabarkan
dalam bentuk Tabel dan Grafik Scattering sehingga memudahkan dalam melakukan identifikasi

terhadap performa jaringan 4G-LTE yang terjadi di sepanjang lintasan.

2. Propagasi Seluler 4G

2.1. Propagasi Seluler

Sistem telepon seluler terbagi menjadi 3 (tiga) bagian, yaitu sistem radio, sistem komunikasi
telepon dan sistem pemrograman. Sistem komunikasi radio dan telepon terdiri dari sirkuit elektronik
pasif dan aktif. Telepon seluler adalah perangkat elektronik yang sangat umum digunakan di
masyarakat saat ini dengan wilayah operasi pita UHF (Ultra High Frequency), 800 hingga 1900 MHz
(Mega Hertz). Untuk level yang lebih tinggi, frekuensi yang digunakan adalah 2300 MHz. Rentang
frekuensi ini dikategorikan sebagai rentang frekuensi tinggi dan telah diatur oleh semua negara di
dunia. [3][4][6]

Pemilihan antena yang baik dapat meningkatkan kinerja sistem secara keseluruhan karena
antena dapat berfungsi sebagai penguat untuk pengirim dan penerima. Secara umum, tingkat
penerimaan sinyal pada suatu titik dirumuskan:

PRx:PTx+ZG—FSL (1)

FSL(dB) = —67.55 + 20logf(MHz) + 20logD(cm) (2)

i

= ; vCo

Gambar 1. Blok Diagram VCO [3][4]
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2.2. Model Rugi-Rugi Lintasan

Penggunaan model lintasan dengan Model Okumura dalam penelitian ini menggunakan
frekuensi di atas 1500 MHz. Model Okumura merupakan salah satu model yang paling sering
digunakan dalam menghitung atau memprediksikan kekuatan sinyal di area urban. Model jenis ini
sangat cocok dalam melakukan perhitungan dengan rentang frekuensi dari 150 MHz sampai 1920
MHz padajarak 1 Km sampai 100 Km dengan ketinggian antena berkisar 30 meter hingga 1000 meter.
Namun, walau demikian, model Okumura masih relevan digunakan hingga pada frekuensi 3000
MHz. [5]

Dalam melakukan penelitian ini, beberapa variabel dipertahankan seperti median attenuation
relative to free space (Amu), tinggi efektif antena Tx (h+), dan tinggi efektif antena Rx (/). Semua variabel
yang digunakan dalam melakukan penelitian ini telah disesuaikan kondisi profil outdoor di sepanjang
Jalan Cihampelas Bandung.

Dengan menggunakan rentang frekuensi tersebut, maka dengan demikian frekuensi 2300 MHz

dapat dihitung dengan menggunakan pemodelan sebagai berikut : [2]
Lurban=43.3 + 33.9logf — 13.82loghs — ahm+ (44.9—6.55loghs) loga+ Cm [dB] 3)

dimana f = frekuensi kerja (MHz), v = tinggi efektif antena transmitter (BTS/eNB) sekitar 30 - 200
meter, hn = tinggi efektif antena receiver (unit mobile) sekitar 1 - 10 meter, d =jarak antara Tx - Rx (Km)
ahm = faktor koreksi untuk tinggi efektif antena unit mobile. Pemodelan dengan menggunakan

Persamaan 3, masih dianggap relevan mengingat penelitian ini menggunakan tipe area urban.

Lso(dB) = Lr + Amu(f, d) — G(hte) — G(hre) — Garea 4)

Pada Persamaan 4, Lso merupakan nilai median dari path loss, Lr merupakan free space loss atau rugi-
rugi propagasi ruang bebas, Am: merupakan median attenuation relative to free space, G(hw) merupakan
base station antenna heigh gain factor, G(hr) mobile antenna heigh gain factor, dan Garea merupakan gain
dari tipe lingkungan outdoor. [5]

Selain menggunakan Persamaan 4, model Okumura menggunakan beberapa Persamaan yang
digunakan untuk menghitung secara presisi. Adapun Persamaan yang dimaksud, dijabarkan dalam

Persamaan 5, Persamaan 6, dan Persamaan 7.

h

G(hee) = 20 log (200t€) 1000m > hee > 30m ()
- hre

() = 10l0g (*2) h,, <30 ©)

G(hre) = 20log ("r¢) 10m > hye > 3m (7)

3

2.3. Teknologi Seluler 4G

Layanan mobile broadband terus berkembang seiring dengan meningkatnya mobilitas masyarakat
dalam beraktivitas serta kebutuhan layanan internet. Berbagai teknologi seluler terus dikembangkan
mulai dari GSM/GPRS/EDGE, UMTS/HSPA, dan teknologi LTE. LTE adalah standar terbaru dalam
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Gambar 2. Roadmap Teknologi Seluler [8]

teknologi jaringan seluler dibandingkan GSM/EDGE dan UMTS/HSPA. LTE adalah sebuah nama
baru dari layanan yang mempunyai kemampuan tinggi dalam sistem komunikasi bergerak yang
merupakan langkah menuju generasi ke-4 dari teknologi radio yang dirancang untuk meningkatkan

kapasitas dan kecepatan jaringan telepon mobile. LTE adalah suatu proyek dalam Third Generation
Partnership Project (3GPP). [7]

Pada Gambar 2 dapat dilihat bahwa LTE merupakan evolusi dari jaringan seluler yang
dipersiapkan untuk teknologi 4G. Keuntungan utama dengan LTE adalah throughput yang tinggi,
latency yang rendah, FDD dan TDD pada platform yang sama, peningkatan pengalaman pelanggan
dan arsitektur sederhana yang mengakibatkan biaya operasional yang rendah. LTE juga akan
mendukung sel dengan teknologi jaringan yang lebih lama seperti GSM, CDMAOne,
WCDMA/UMTS, dan CDMA2000. Banyak fasilitas yang didapat sehingga perlu untuk upgrade 3G
UMTS ke teknologi komunikasi mobile 4G-LTE, yang pada dasarnya adalah sebuah sistem mobile

broadband dengan peningkatan layanan multimedia. [2]

2.4. Arsitektur 4G

Arsitektur jaringan LTE dirancang untuk tujuan mendukung trafik packet switching dengan
mobilitas tinggi, QoS (Quality of Service), dan latency yang kecil. Pendekatan packet switching ini
memperbolehkan semua layanan termasuk layanan voice menggunakan koneksi paket. Oleh karena
itu pada arsitektur jaringan LTE dirancang sesederhana mungkin, yaitu hanya terdiri dari dua node
yaitu eNB dan MME/GW (Mobility Management Entity/Gateway). Semua interface jaringan pada LTE
adalah berbasis IP (Internet Protocol). eNB saling terkoneksi dengan interface X2 dan terhubung
dengan MME/SGW melalui interface S1. Pada LTE terdapat 2 logical gateway, yaitu S-GW (Serving
Gateway) dan P-GW (Packet Data Network Gateway). S-GW bertugas untuk melanjutkan dan menerima
paket ke dan dari eNB yang melayani UE. P-GW menyediakan interface dengan jaringan PDN (Packet
Data Network), seperti internet dan IMS. Selain itu P-GW juga melakukan beberapa fungsi lainnya,
seperti alokasi alamat, packet filtering, dan routing. Jaringan LTE yang disebut sebagai SAE (System
Architecture Evolution) hanya terdiri atas dua bagian, yaitu EPC (Evolved Packet Core) dan E-UTRAN
(Evolved UMTS Terrestrial Radio Access Network). [2]
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Gambar 4. Profil Jalan Cihampelas Bandung dengan Citra Satelit

3. Metoda Penelitian

Metoda penelitian yang digunakan dalam penelitian ini adalah metoda kuantitatif dimana
menggunakan data primer hasil pengukuran, lalu membandingkannya dengan metode empiris
dalam bentuk perhitungan ideal. Hasil perbandingan tersebut dinyatakan dalam bentuk Tabel dan
Grafik dengan menggunakan Matlab sehingga memudahkan dalam penarikan hasil analisis dari
penelitian yang dilakukan.

Pengambilan sampel dilakukan secara berurutan, berdasarkan lokasi yang telah ditentukan.
Pengukuran kekuatan sinyal yang didapatkan kemudian direkam secara numerik dan digunakan
sebagai data pembanding antara perhitungan ideal dan hasil data pengukuran. Dari perbandingan
antara keduanya, dapat menggambarkan secara jelas performa RSRP 4G-LTE yang diakibatkan oleh

rugi-rugi propagasi yang terjadi di daerah pengambilan data pengukuran.

4. Hasil Penelitian dan Analisis

Lokasi pengambilan data pengukuran adalah sepanjang Jalan Cihampelas Bandung, dengan
panjang total adalah 2.7 Km. Pengambilan data, dibagi menjadi 10 titik pengambilan sampel data
pengukuran dimana tiap titik lokasinya berjarak + 270 meter dihitung dari titik 0 meter. Kondisi lalu

lintas di Jalan Cihampelas Bandung pada saat pengambilan sampel data pengukuran dalam kondisi
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Tabel 1. Lokasi Titik Pengambilan Sampel Data Pengukuran

Jarak (Meter) | Lokasi Pengambilan Sampel Data Pengukuran
0 Pos Polisi Gandok
270 Depan Old Skull Barber Shop
540 Depan Mazda Cihampelas
810 Depan Graha Maranatha Cihampelas
1080 Depan ATM Bank BRI Cihampelas / ATM Bank Permata Cihampelas
1350 Depan Jalan Masuk Ciwalk Mall
1620 Depan Indomaret Cihampelas 122
1890 Dibawah Jembatan Layang Pasteur
2160 Depan Cihampelas Motor
2430 Depan Eiger Adventure Store (Putar Balik Lalu Lintas)
2700 Depan Lampu Merah Perempatan Jalan Padjajaran (Putar Balik Lalu Lintas)

lancar tanpa adanya kemacetan. Secara jelas, dapat dilihat pada Gambar 5 memperlihatkan rute
lokasi penelitian di Jalan Cihampelas menggunakan citra satelit. Adapun titik lokasi tempat
pengambilan sampel data pengukuran dapat ditunjukkan pada Tabel 1 dimana jumlah titik
pengambilan data adalah 11 lokasi sehingga menghasilkan jumlah data yang sama.

Dalam pengambilan data, telepon seluler digunakan untuk menangkap RSRP 4G-LTE yang
dihasilkan dari eNB terdekat dan bersifat sebagai receive only. Perangkat telepon seluler tersebut
ditanam sebuah perangkat lunak bernama Network Signal Info Lite. Perangkat lunak ini berfungsi
untuk mengukur RSRP 4G-LTE dari eNB dan meng-capture data tersebut. Untuk mendapatkan hasil
yang stabil, perangkat telepon didiamkan di lokasi titik yang telah ditentukan selama 5-10 menit.
Nilai rata-rata terbanyak kemudian dicatat sebagai sampel data valid untuk dianalisa.

Lingkungan outdoor tempat pengambilan sampel data pengukuran, memiliki profil yang
disekitarnya memiliki gedung-gedung yang rata-rata memiliki ketinggian mencapai 2 sampai 3
lantai. Selain itu, terdapat pula Skywalk di Jalan Cihampelas dengan tinggi 4.6 meter, lebar 9 meter,
dan panjang 450 meter. Walaupun profil ruangan outdoor tempat pengambilan sampel data
pengukuran kebanyakan memiliki profil line of sight, keberadaan Skywalk dapat menghalangi sinyal
yang sampai ke perangkat walau tidak signifikan secara real-time. Adapun hasil sampel data yang
didapatkan, dapat ditunjukkan seperti pada Tabel 2.

Jika dilihat dari Gambar 5, RSRP 4G-LTE yang berada di sepanjang Jalan Cihampelas, masuk
dalam kategori RSRP 4G-LTE yang excellent. Berdasarkan klasifikasi kekuatan sinyal dari perangkat
lunak yang digunakan, kategori indikator RSRP terbagi atas 4, yaitu buruk, sedang, baik, dan sangat
baik. RSRP 4G-LTE antara -140 dB sampai -116 dB, masuk dalam kategori indikator buruk. RSRP 4G-
LTE antara -115 dB sampai -106 dB, masuk dalam kategori indikator sedang. RSRP 4G-LTE antara -
105 dB sampai -96 dB, masuk dalam kategori indikator baik. Sedangkan RSRP 4G-LTE antara -95 dB
sampai -44 dB, masuk kategori indikator sangat baik. Untuk level RSRP 4G-LTE, semakin mendekati
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Tabel 2. RSRP 4G-LTE Berdasarkan Lokasi / Hasil Data Pengukuran

Jarak (Meter) | Lokasi ke-N | RSRP (dB)

0 0 91
270 1 94
540 2 91
810 3 78
1080 4 89
1350 5 94
1620 6 75
1890 7 84
2160 8 77
2430 9 72
2700 10 80

Hasil Pengukuran
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Gambar 5. Distribusi RSRP 4G-LTE Hasil Pengukuran

o

nilai -44 dB, maka level RSRP 4G-LTE untuk wilayah tersebut akan semakin baik. Layanan Operator
Seluler yang digunakan adalah Indosat Ooredoo untuk memberikan variabel yang berbeda di
masing-masing Provider Seluler. Jika dijabarkan dalam bentuk grafik, RSRP 4G-LTE hasil
pengambilan sampel data pengukuran sepanjang Jalan Cihampelas, dapat ditunjukkan pada Gambar
5.

Dalam melakukan perhitungan, beberapa variabel turut dimasukkan seperti redaman pada
manusia yang mencapai 3.5 dBm, redaman dedaunan dan kayu (pohon), redaman dinding yang
mencapai 13 dB, redaman metal yang mencapai 26 dB, redaman almunium di sekitar pengambilan
data sampel pengukuran yang mencapai 20.4 dB dan redaman lantai yang mencapai 10 dB. Selain
dari redaman furniture di sekitar daerah pengambilan sampel pengukuran. Redaman hujan
diabaikan dikarenakan pengambilan data sampel pengukuran dilakukan dalam kondisi cuaca yang
cerah. Redaman hujan dapat mencapai 30.5 dB per kilometer persegi di atas frekuensi 10 GHz pada
sistem seluler [3][4]. Dengan menggunakan Persamaan 2, Persamaan 3, Persamaan 4, Persamaan 5,
Persamaan 6, dan Persamaan 7, maka didapatkan hasil perhitungan yang dijabarkan dalam Tabel 3.
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Secara lengkap dapat dijabarkan dalam bentuk scattering dalam Gambar 6 tentang Hasil
Perhitungan. Untuk memudahkan dalam melakukan perbandingan, Tabel 4 menunjukkan Hasil
Pengukuran dan Hasil Perhitungan. Adapun dalam Tabel 4, mengacu pada Tabel 3 dan Tabel 4.
Berdasarkan pada Tabel 4, maka dapat digambarkan dalam Gambar 7 dan Gambar 8 tentang
perbandingan Hasil Pengukuran dan Hasil Perhitungan dengan menggunakan Model Okumura.

Adapun hasilnya diperlihatkan pada Gambar 7 dan Gambar 8.

Tabel 3. Hasil Perhitungan RSRP 4G-LTE dengan Model Okumura

d Tx ke
Frekuensi H: (m) | Hr. (m) | RSRP (dB)
R« (m)
25 30 1.5 93.10
18 30 1.5 88.08
29 30 1.5 95.37
24 30 1.5 92.48
27 30 1.5 94.28
2300 29 30 1.5 95.37
24 30 1.5 92.48
28 30 1.5 94.84
26 30 1.5 93.70
25 30 1.5 93.10
29 30 1.5 95.37
Hasil Perhitungan
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Gambear 6. Distribusi RSRP Hasil Perhitungan

Tabel 4. Perbandingan RSRP 4G-LTE antara Hasil Pengukuran dan Hasil Perhitungan
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Lokasi ke-N | Hasil Pengukuran (dB) | Hasil Perhitungan (dB)
0 91 93.10
1 94 88.08
2 91 95.37
3 78 92.48
4 89 94.28
5 94 95.37
6 75 92.48
7 84 94.84
8 77 93.70
9 72 93.10
10 80 95.37
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Gambar 7. Distribusi Perbandingan RSRP 4G-LTE antara Hasil Pengukuran dan Hasil Perhitungan

5. Kesimpulan

Dari hasil penelitian yang dilakukan, dapat diambil simpulan sebagai berikut :

Hasil Pengukuran RSRP 4G-LTE di lokasi yang telah ditentukan berada pada range -72 dB
sampai -94 dB. Sedangkan Hasil Perhitungan dengan memperhitungkan redaman yang
terjadi menggunakan Model Okumura berada pada range -88.08 dB sampai -95.37 dB.

Hasil Pengukuran maupun Hasil Perhitungan dengan Model Okumura, masing-masing
dalam kategori level RSRP 4G-LTE yang sangat baik sepanjang Jalan Cihampelas Bandung.
Dengan demikian semakin kecil rugi-rugi propagasi, maka level RSRP 4G-LTE yang diterima
oleh user semakin mendekati baik.

RSRP 4G-LTE di Jalan Cihampelas Bandung dengan panjang lintasan adalah 2.7 Km, dimana
RSRP 4G-LTE telah terdistribusi dengan baik oleh pihak Operator Seluler tanpa adanya
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fluktuasi yang signifikan yang mungkin diakibatkan oleh rugi-rugi propagasi sehingga

dapat mempengaruhi kekuatan sinyal seluler.
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Abstrak: Dalam rangka meningkatkan akurasi posisi dan trajektori dari robot lengan URS5,
algoritma solusi invers pada robot lengan berdasarkan jaringan QACA-RBF diajukan. Desain
algoritma ini menggunakan model prediksi melalui jaringan saraf dan menggunakan algoritma
koloni semut kuantum untuk mengoptimalkan bobot keluarannya. Dalam memecahkan masalah
ini, algoritma koloni semut kuantum memiliki presisi konvergen yang rendah dan mudah jatuh ke
dalam solusi local optimal dalam algoritma solusi invers dari derajat kebebasan pada robot lengan,
maka peningkatan pengukuran seperti local optimasi dan batas maksimum minimum feromon dan
variasi dibutuhkan. Dengan membandingkan hasil simulasi dari hasil simulasi robot lengan UR5
dan hasil simulasi berdasarkan jaringan saraf ACA, QACA, dan RBF untuk mendapatkan posisi
dan gerak trajektori pada titik ruang dengan kepresisian disetiap algoritma. Dengan skema tersebut
agar dapat membuktikan kelayakan algotirma jaringan QACA-RBF.

Keywords: robot lengan; algoritma; trajektori; QACA; ACA.

1. Pendahuluan

Pada desain manufaktur moderen saat ini, robot lengan adalah perangkat elektromekanis
terintegrasi yang sangat dibutuhkan. Robot lengan yang dibahas disini menggunakan robot lengan
UR5. Pada dasar teori dinamika dan kinematika, keakuratan solusi invers adalah faktor penentu
untuk akurasi dan efisiensi perencanaan trejektori pada robot lengan.

Solusi invers dari robot lengan UR5 adalah dasar dari trejektori robot lengan. Persamaan solusi
invers memiliki karakteristik dimensi dan nonlinier yang tinggi, solusinya kompleks, dan sulit untuk
menemukan solusi yang akurat. Solusi invers tradisional dapat secara kasar dibagi menjadi metode
aljabar [1-6] dan metode geometris [7-9] sudah jarang digunakan karena hasil yang buruk. Dalam
metode iteratif numerik yang lebih populer pada tahap ini [10-13], evolusi, bionik dan simulasi,
jaringan saraf, dan algoritma lainnya adalah algoritma kecerdasan yang umum digunakan [14-16].
Meskipun metode ini telah mencapai hasil yang luar biasa, mereka masih tidak memuaskan dan
terbatas dalam hal akurasi. Oleh sebab itu, maka perlu dieksplorasi lebih lanjut dan ditingkatkan.

Dalam algoritma kecerdasan, jaringan saraf RBF adalah algoritma yang sangat penting, yang
dapat mendekati fungsi nonlinier dalam kepresisian. Beberapa peneliti telah menyadari pentingnya
jaringan saraf dan menggunakannya untuk memecahkan solusi invers dari robot lengan untuk
mendapatkan efek dan kepresisian yang relative ideal [17-19]. Dalam makalah ini, sebuah algoritma
yang didasarkan pada jaringan QACA-RBF(peningkatan algoritma koloni semut) diusulkan untuk
mengoptimalkan beban keluaran dari koloni semut kuantum yang ditingkatkan, kemudian hasil
yang baik diperoleh.

39


mailto:dipres@gmail.com
mailto:yanuardanu19@gmail.com

Complete 2020, Vol. 1, No. 1, doi.org/10.52435/complete.v1il.49

2. Model Mekanikal Lengan UR5

Mekanikal lengan UR5 yang digunakan memiliki enam derajat kebebasan. Permasalah forward
kinematics nya telah diselesaikan dan lengan UR5 menggunakan sistem model parameter DH yang
ditunjukkan pada Gambar 1[20-21].

f
Y
0y 7777777
(o)) (o)

Gambar 1: lengan UR5 menggunakan sistem model parameter DH.

Dari Gambar 1 dapat terlihat bahwa matrik konversi koordinat dari manipulator di sistem koordinat akhir

joint relatif pada sistem koordinat dasarnya adalah

Ny Ox Ay Px

op — opirep3rars — [ % %y Py 1
1l = 1T3T3T4T sTg n, o, a, b, 1
0 0 o0 1

[px,py,pz] pada matrik ini merepresentasikan posisi dari bagian akhir manipulator pada sistem koordinat
dasar. Sudut RPY Euler dapat dijelaskan dengan rumus berikut[21-23]:

a = arctan(a,, a,), (2)
B = arctan(a, cosa + aysina, a,), 3)
y = arctan(—ny sina + n, cosa, 0, cosa — o, sina) 4)

Dari rumus tersebut maka dapat dilihat karena variabel dalam persamaan (1) adalah semua fungsi dari sudut
joint 6, posisi akhir dari p = [px, Dy, P2 @, B, y]dapat diperoleh dalam permasalahan penentuan 6;.
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3. Permodelan Prediksi dari Solusi Invers Berdasarkan Jaringan QACA-RBF

Dalam menemukan solusi invers dari robot lengan, model prediksi dari jaringan saraf dibuat.
Untuk meningkatkan akurasi solusi invers, nilai bobot keluaran dioptimalkan dengan meningkatkan
algoritma koloni semut kuantum, sehingga kesalahan antara keluarannya dengan keluaran
aktualnya diminimalkan.

RBF adalah salah satu algoritma pembelajaran jaringan saraf. Struktur pada jaringan saraf RBF
terdapat lapisan masukan, lapisan tersembunyi (hidden layer, dan lapisan keluaran.

Lapisan Lapisan Lapisan
Masukan Tersembunyi Keluaran

Gambar 2: Jaringan saraf RBF

Pada Gambar 2 menunjukkan diagram struktur dari jaringan saraf RBF manipulator dari n-dof
[20]. Pada Gambar 2 tersebut diasumsikan bahwa masukan dari jaringan saraf RBF adalah posisi

akhir pada variabel x = [px,py,pz, a,,B,y]T, dan variabel keluaran adalah solusi invers dari robot

lengan bahwa n adalah sudut joint, y = [91, 02, s 0 e, Bn]Te R"™, dimana y adalah vector dimensi ke
n, dan hubungan antara x dan y adalah:

1
Yo =T, oy exp (- S5l — ll?), 2 < n, ®)

Dimana

T
Xk = [pnlc(' P;’;‘. péc, ak} Bk} yk] )
(©)
¢; = [c1i Capp s Chis 1,
Dimana x;, adalah parameter masukkan sampel k. ¢; adalah pusat simpul dari fungsi lapisan
tersembunyi ke-i. h adalah jumlah simpul. w;; adalah bobot dari lapisan implisit ke lapisan keluaran.

¥, adalah keluaran sebenarnya dari sudut kebebasan ke-n. ¢ adalah variasi dari fungsi lapisan

tersembunyi.

Algoritma Koloni Semut Kuantum / Quantum Ant Colony Optimization Algorithm (QACA) adalah Sebuah
sistem yang memungkinkan semua semut untuk menerapkan metode pengkodean bit kuantum dan pembaruan.
Pada metode tersebut jumlah populasinya relative kecil, kinerja algoritmanya relative tinggi, dan tingkat
konvergensinya cepat.

Dalam penelitian ini, jaringan saraf QACA dan RBF digabungkan untuk saling melengkapi satu sama lain
dan memanfaatkan sepenuhnya kemampuan optimalisasi yang efisien dari koloni semut kuantum, dan langkah
langkah peningkatan yang direncanakan untuk membentuk algoritma solusi invers dari mekanik robot lengan
pada jaringan QACA-RBF.
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4. Percobaan Simulasi dan Analisa Kesalahan dari Manipulator UR5

Pada bagian ini terdiri dari dua sub bab yang membahas tentang algoritma prediksi dan
kesalahan trajaktori gerakan dari metode yang digunakan.

4.1 Pembentukan Permodelan Prediksi untuk Solusi Invers Robot Lengan UR5

Pada bagian percobaan ini dilakukan dengan robot lengan UR5. Kemudian didapatkan secara
acak 8000 titik disekitar robot lengan UR5 dan 1000 titik dipilih sebagai sampel pelatihan. Setelah

normalisasi, parameter masukan dari jaringan RBF dibentuk, seperti x = [p;,p;,,p;, a',p’, y’]T.

Sedangkan untuk mendapatkan parameter keluaran dari jaringan RBF, sudut joint harus
dinormalisasi seperti y = [61, 03,03, 0y, 05, 6¢]. Berdasarkan dari itu, maka prediksi model dari 6
masukan 6 keluaran dengan algoritma solusi invers berdasarkan jaringan QACA dibangun,
pelatihan data pada permodelan prediksi berdasarkan pada 1000 titik yang sudah ditentukan
sebelumnya.

4.2 Analisa Kesalahan pada Trajektori Gerakan

Pada Gambar 3 adalah end effector robot lengan UR5 yang disimulasikan dengan GAZEBO
ROS. Untuk dapat menganalisa kesalahan trajektori pada kurva trajektori yang telah diketahui
panjangnya dan dipilih secara merata 30 titik sebagai deskripsi trajektorinya. Posisi 30 titik tersebut
dihitung menggunakan persamaan (1)-(4) untuk mendapatkan nilai p,,py,p,@,B, dan y .
Kemudian mendapatkan 30 set yang sesuai didapat dari hasil invers yang diketahui
01,0,,03,64, 65,0, yang mana set tersebut akan digunakan sebagai titik referensi untuk analisis
kesalahan trajektori. 30 titik yang sudah dipilih pada trajektori tersebut digunakan sebagai masukan.
Setelah algoritma solusi invers berbasis pada jaringan QACA-RBF dihitung dan dinormalisasikan,
maka nilai 30 set nilai keluaran yang diprediksi diperoleh. Untuk dapat mengevaluasi efek prediksi
secara onjektif, maka digunakan indeks kesalahan absolut.
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Gambar 2. Algoritma QACA-BRF untuk flowchart invers kinematic
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Gambar 3. End effector robot lengan UR5

Tabel 1. DH Parameter pada trajektori robot lengan

Jointi  a;_,(mm) a,_,(mm) a;_,(°) Qi ()

1 0 0 0 -160 ~ 160

2 0 0 -95 -225~45

3 10 3 0 -45 ~ 225

4 3 10 -95 -110~ 170

5 0 0 95 -100 ~ 100

6 0 0 -95 -266 ~ 266
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Gambar 5. Perbandingan kesalahan posisi ACA, QACA, RBF, QACA-RBF
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Pada gambar 7 dan 8 adalah nilai prediksi solusi invers dari 30 set dari sudut joint ; hingga ke 6, yang
sudah sesuai dengan 30 titik yang telah dipilihkemudian dibandingkan dengan kesalahan absolut nyatanya.
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Gambar 7. Kesalahan absolut dari sudut joint 8,,0, dan 05
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Gambar 8. Kesalahan absolut dari sudut joint 8,,8s dan 8

45



Complete 2020, Vol. 1, No. 1, doi.org/10.52435/complete.v1il.49

Kesimpulan

Pada penelitian ini, manipulator yang menggunakan algoritma solusi invers yang didasari dengan jaringan
QACA-RBF yang ditulis membuktikan bahwa metode ini efektif mencampurkan jaringan saraf RBF dan
algoritma QACA. Metode tersebut juga memberikan keuntungan pada masing-masing algoritma. Kemudian dari
percobaan simulasi trajektori dan simulasi kesalahan posisi membuktikan bahwa algoritma solusi invers
menggunakan jaringan QACA-RBF lebih baik dibandingkan menggunakan algoritma solusi invers yang berbasis
pada ACA, QACA, dan RBF karena kesalahan posisi masing-masing meningkat menjadi 3.89%, 6.19% dan
0.76%.
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Abstrak: Kemajuan teknologi informasi yang cepat dan tak terkontrol membuat berbagai konten
negatif seperti pornografi dapat dengan mudah diakses. Konten pornografi terbukti dapat
menyebabkan berbagai permasalahan terutama pada generasi muda. Beberapa pengembangan
metode untuk pendeteksian pornografi telah dilakukan namun masih terkendala pada keterbatasan
karakteristik data masukan. Pada penelitian kali ini dikembangkan sistem pendeteksi konten
pornografi berbasis klasifikasi menggunakan Convolutional Neural Network (CNN) dengan arsitektur
ResNet-50 untuk mengatasi permasalahan sebelumnya. Dalam proses perancangan model sistem,
diterapkan berbagai konfigurasi epoch dan didapatkan bahwa performa dari sistem memiliki
kecenderungan untuk meningkat seiring dengan pertambahan epoch. Performa terbaik diraih oleh
sistem pada konfigurasi epoch 60 dengan akurasi 91,033%.

Kata kunci: CNN; ResNet-50; ResNet; Klasifikasi; Hyperparameter; Epoch

1. Pendahuluan

Kemajuan teknologi yang sangat pesat terutama dalam teknologi penyebaran informasi
terkhusus internet, memberikan aksesibilitas yang mudah dan cepat kepada semua orang.
Keuntungan tersebut dapat memberikan dampak yang buruk jika terjadi penyalahgunaan yang
dilakukan oleh beberapa pihak dengan cara menyebarkan konten negatif, salah satunya pornografi.
Tidak dapat dipungkiri bahwa konten pornografi memiliki persebaran yang sangat masif dan cepat
di internet. Definisi dari pornografi adalah materi yang menciptakan pikiran seksual, berisi gambar
eksplisit atau deskripsi tindakan seksual yang melibatkan alat kelamin [1]. Pornografi dapat
menimbulkan kecanduan dan terdapat ulasan dari berbagai penelitian [2] yang menunjukkan bahwa
pornografi dapat mengganggu kesehatan perkembangan seksual pada anak modern.

Menanggapi permasalahan tersebut, diperlukan metode deteksi atau filtering terhadap konten
pornografi, yang kemudian dapat dikembangkan menjadi piranti lunak penangkal pornografi, serta
bisa diterapkan di berbagai platform. Dalam masa awal penelitian tentang konten pornografi, Basilio
et al [3] menggunakan metode thresholding untuk membuat metode pendeteksi citra pornografi
dengan memperhatikan banyaknya komposisi kulit dalam suatu citra. Tetapi penentuan konten
pornografi yang mengacu pada komposisi warna kulit memiliki tingkat akurasi yang rendah jika
background dari objek dalam citra mempunyai komposisi warna yang serupa dengan kulit asli
manusia, bisa disebut juga dengan noise. Tidak semua warna kulit juga dapat terdeteksi dikarenakan
hanya warna kulit yang berada di antara ketentuan threshold saja yang terdeteksi. Karena itu metode
yang dirancang [3] tidak terlalu cocok untuk menangani data dengan noise yang banyak sehingga
terbatas dalam segi karakteristik citra pornografi yang dapat terdeteksi.

Berdasar penelitian yang telah dilakukan sebelumnya, pada penelitian ini dikembangkan
sebuah metode klasifikasi untuk mendeteksi suatu citra pornografi dengan menggunakan metode
Convolutional Neural Network (CNN) yang merupakan salah satu contoh deep learning. Penerapan

49



Complete 2020, Vol. 1, No. 1, doi.org/10.52435/complete.v1il.51

berbagai metode deep learning mulai digunakan untuk melakukan klasifikasi citra ataupun berbagai
pengolahan video berbasis computer vision [4]-[7]. CNN sendiri mengadopsi cara kerja dan memiliki
struktur tiruan dari neuron otak manusia. Dengan model struktur tersebut, CNN mampu melakukan
ekstraksi fitur dari citra secara lebih mendetail, serta CNN dapat menyimpan dan menjadikan acuan
hasil pembelajaran yang telah dilakukan dengan adanya parameter weight dan bigs di dalam
arsitekturnya. Dengan konsep tersebut CNN dapat menerima input citra dengan karakteristik lebih
umum atau dengan banyak noise sekalipun.

Struktur CNN secara umum disusun oleh tiga komponen utama layer, yaitu convolutional layer,
pooling layer dan full connection layer [8]. Ketiga layer tersebut dapat dikombinasikan sesuai dengan
tujuan dan kebutuhan, sehingga tercipta berbagai arsitektur dari CNN dengan keunggulannya
masing-masing. Pada penelitian ini, sistem klasifikasi dibuat dengan menggunakan ResNet-50 [9]
sebagai model arsitektur dari CNN. ResNet-50 memiliki konsep shortcut connection yang mencegah
sistem dari kehilangan banyak informasi selama training dilakukan. Sistem klasifikasi yang dibuat
dalam penelitian ini ditujukan untuk dapat mendeteksi apakah suatu gambar yang menjadi input
dalam sistem merupakan pornografi atau bukan.

Dalam penelitian ini dilakukan investigasi dari pengaruh penerapan konfigurasi hypeparameter
epoch ke dalam arsitektur yang dibuat untuk sistem klasifikasi pornografi. Epoch adalah suatu kondisi
ketika seluruh dataset yang menjadi masukan model sistem telah selesai melewati seluruh neural
network secara forward propagation dan back propagation dalam 1 kali putaran [10]. Diharapkan
berdasarkan hasil percobaan yang dilakukan, dapat diketahui pengaruh penerapan konfigurasi epoch
terhadap akurasi yang didapatkan sistem klasifikasi.

2. Bahan dan Metode

Penelitian yang dilakukan diawali dengan merancang sebuah sistem klasifikasi gambar
pornografi menggunakan CNN dengan ResNet-50 sebagai arsitekturnya. Dalam perancangan yang
dilakukan, NPDI dataset [11] dipilih menjadi data citra masukan untuk proses training dan testing dari
percobaan yang dilakukan. Sebelum dilakukan proses training, hyperparameter seperti epoch, learning
rate, dan batch size diatur terlebih dahulu. Secara umum garis besar dari perancangan sistem
ditunjukkan oleh Gambar 1.

2.1 NPDI dataset

Pada penelitian kali ini digunakan NPDI dataset [11] sebagai data masukan untuk sistem yang
dirancang. NPDI dataset berisikan video yang berdurasi hampir 80 jam yang terdiri dari 400 video
pornografi dan 400 video non-pornografi. Untuk keperluan data preprocessing, video dalam dataset
tersebut diekstrak menggunakan STOIK Video Converter dan menghasilkan 16727 frames yang sudah
dipilih dari total semua frames ekstraksi. Konten dalam dataset ini juga terdiri dari variasi berbagai
macam etnis di dalamnya. Dari total keseluruhan frames yang diekstrak, hanya digunakan sebagian
dataset dan kemudian dilakukan augmentasi pada dataset tersebut sehingga total didapatkan 15000
frames atau citra untuk keperluan penelitian ini. Dataset NPDI diorganisir sesuai yang tertera pada
Tabel 1 dan Gambar 2 merupakan preview dari citra NPDI dataset.

Penerapan konfigurasi
hyperparameter

4

Citra NPDI Training dari sistem | Testing dari trained 3 Hasil
dotaset CNN ResNet-50 model sistem prediksi

Gambar 1. Diagram garis besar perancangan sistem.
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Tabel 1. Sistematika pembagian data.

Kelas Data Latih Data Validasi Data Uji
Pornografi 6000 600 1500
Non-Pornografi 6000 600 1500

Gambar 2. Preview dari NPDI dataset [11].

2.2 Convolutional Neural Network

Secara garis besar, struktur dari CNN terdiri dari 3 macam Ilayer penyusun utama yaitu,
convolutional layer, pooling layer, dan fully connection atau fully connected layer. Struktur pada arsitektur
CNN biasanya terdiri dari berbagai tingkatan kedalaman mnetwork yang tiap-tiap struktur
merepresentasikan fitur tersendiri [8]. Pada convolutional layer dilakukan proses konvolusi untuk
mengekstrak fitur-fitur yang terdapat pada citra, proses konvolusi secara sederhana dirumuskan
dalam persamaan 1,

h(x) = f(x) * g(x), M

dari persamaan 1, h(x) adalah output matriks hasil konvolusi atau dapat disebut feature map, f(x)
adalah matriks dari citra input dan g(x) adalah kernel atau filter. Setelah konvolusi selesai dilakukan,
kemudian feature map keluaran tersebut direduksi dengan menggunakan pooling layer. Terakhir
setelah melewati proses konvolusi dan pooling, nilai-nilai hasil perhitungan layer sebelumnya
diteruskan ke fully connected layer untuk dilakukan proses prediksi guna menghasilkan output kelas.
Arsitektur CNN secara umum ditampilkan pada Gambar 3.

2.3 ResNet-50

ResNet-50 [9] merupakan salah satu arsitektur dari CNN yang memperkenalkan sebuah konsep
baru yaitu shortcut connections. Munculnya konsep shortcut connections yang ada pada arsitektur
ResNet-50 memiliki keterkaitan dengan wvanishing gradient problem yang terjadi ketika usaha
memperdalam struktur suatu network dilakukan. Bagaimanapun memperdalam suatu network
dengan tujuan meningkatkan performansinya tidak bisa dilakukan hanya dengan cara menumpuk
layer. Semakin dalam suatu network dapat memunculkan vanishing gradient problem yang bisa
membuat gradient menjadi sangat kecil yang berakibat pada menurunnya performansi atau akurasi

[9].
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Gambar 4. Diagram blok arsitektur ResNet-50.

Karena itu ResNet memperkenalkan konsep shortcut connections dan dalam konsep ini fitur yang
merupakan input dari layer sebelumnya juga dijadikan sebagai input terhadap output dari layer
tersebut. Cara ini dilakukan sebagai solusi untuk meminimalisir hilangnya fitur-fitur penting pada
saat proses konvolusi. Secara keseluruhan ResNet-50 terdiri dari 5 stage proses konvolusi yang
kemudian dilanjutkan average pooling dan diakhiri dengan fully connected layer sebagai layer prediksi.

Gambar 4 merupakan diagram blok susunan dari arsitektur ResNet-50 dalam penelitian ini.

Terdapat perbedaan antara arsitektur ResNet-50 yang digunakan dalam penelitian ini dengan
arsitektur aslinya [9]. Hal ini dikarenakan terdapat sedikit modifikasi yang dilakukan untuk

menyesuaikan dengan kebutuhan sistem klasifikasi. Modifikasi yang dilakukan antara lain:
*  Mengganti jumlah output pada fully connected layer dari 1000 kelas menjadi 2 kelas.
*  Mengganti fungsi aktivasi pada fully connected layer dari softmax menjadi sigmoid.
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2.3.1 Proses Training ResNet-50

Training dilakukan untuk membentuk model dari ResNet-50 yang kemudian digunakan sebagai
sistem klasifikasi. Sebelum training dijalankan, terdapat beberapa konfigurasi hyperparameter yang
harus diatur terlebih dahulu. Hyperparameter yang dikonfigurasi antara lain, learning rate, batch size
dan 5 macam konfigurasi epoch untuk keperluan investigasi, tertera pada Tabel 2.

Tabel 2. Konfigurasi hyperparameter.

Learning rate  Batch Size Epoch
0.001 32 20, 40, 60, 80, 100

Sesuai Tabel 2, proses training dibagi menjadi 5 tahapan epoch dimulai dari 20 sampai dengan
100. Tahap pertama dilakukan proses load dataset NPDI sebanyak 12000 citra ke dalam sistem sebagai
data masukan untuk training. Dikarenakan jumlah sample data cukup besar, selanjutnya citra 3
dimensi tersebut diperkecil menjadi resolusi 64 X 64 agar komputasi dapat berjalan lebih cepat.
Terdapat dua kelas dari dataset yang dijadikan input dalam proses training, yaitu pornografi dan non-
pornografi. Selanjutnya proses ekstraksi fitur dilakukan dari stage 1 sampai dengan 5.

Pada stage 1 citra dikonvolusi oleh convolutional layer dengan ukuran filter 7 X 7 dan stride 2.
Konvolusi tersebut menghasilkan feature map yang kemudian dinormalisasi oleh Batch Normalization.
Normalisasi yang dilakukan bertujuan untuk membuat nilai-nilai output dari layer sebelumnya yang
sangat bervariasi menjadi 1 skala yang sama, hal ini dapat mempercepat proses training karena beban
komputasi berkurang. Hasil dari normalisasi selanjutnya masuk ke layer aktivasi, didalamnya
terdapat ReLU atau Rectified Linear Unit activation function yang digunakan untuk membuat hasil dari
ekstraksi fitur menjadi non-linear. Selanjutnya nilai keluaran dari fungsi aktivasi direduksi oleh
maxpooling layer sebelum diteruskan pada stage 2.

Diantara stage 2 sampai dengan stage 5, proses ekstraksi fitur dilakukan oleh kombinasi
susunan antara convolutional block dan identity block. Pada blok-blok tersebut, citra mengalami
pereduksian dan peningkatan dimensi. Hal ini disebabkan oleh tipe arsitektur pada kedua blok
tersebut terdiri dari tiga tahapan konvolusi dengan ukuran filter 1 X1, 3 X3 dan 1x 1. Tipe
arsitektur blok seperti ini dikenal dengan sebutan ‘bottleneck” dan ditujukan untuk menghemat waktu
komputasi. Setelah proses ekstraksi fitur selesai kemudian feature map diproses ke dalam fully
connected layer untuk melakukan proses prediksi dibantu dengan fungsi aktivasi sigmoid. Total
keseluruhan parameter training yang dihasilkan ketika melakukan training adalah 23,589,761
parameter.

3. Hasil

Untuk menguji model sistem yang sudah dilatih pada tahap sebelumnya, dilakukan eksperimen
pengetesan sistem terhadap 3000 citra dataset uji. Keseluruhan citra dataset uji dipilih secara acak agar
mampu merepresentasikan seluruh karakteristik citra yang terdapat dalam NPDI dataset. Jika
digambarkan, proses pengujian yang dilakukan untuk mendapatkan hasil performa sistem dapat
dilihat pada Gambar 5.

Sebanyak 3000 dataset yang menjadi masukkan untuk sistem secara satu-persatu di load ke
sistem. Lalu dilakukan proses prediksi dengan menggunakan model sistem ResNet-50 yang telah
dilatih. Setelah mengalami proses ekstraksi fitur dengan bantuan convolutional layer dan pooling layer,
nilai-nilai ekstraksi tersebut kemudian dirubah dimensinya menggunakan fungsi flattening agar bisa
di proses ke fully connected layer. Dalam fully connected layer dilakukan proses prediksi yang
menempatkan suatu citra masukan ke dalam kategori kelas tertentu. Hasil keseluruhan dari proses
prediksi yang dijalankan tertera pada Gambar 6.
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Gambar 6. Hasil pengujian model dengan penerapan konfigurasi epoch.

Dari grafik hasil pengujian dapat dilihat jika keseluruhan dari 5 konfigurasi epoch menghasilkan
akurasi diatas 80%. Seiring bertambahnya jumlah epoch dimulai dari epoch ke-20, 40 dan 60, akurasi
klasifikasi yang dihasilkan oleh sistem cenderung mengalami kenaikan yang signifikan mulai dari
81,267%, 85,967% dan 91,033%. Tetapi ketika konfigurasi jumlah epoch bertambah dari 60 ke-80,
akurasi klasifikasi yang dihasilkan turun sebesar 2,766% menjadi 88,267%. Pada konfigurasi epoch ke-
100 atau yang terakhir, akurasi dari model mengalami sedikit peningkatan dibandingkan akurasi
pada epoch ke-80, yaitu menjadi 89,133%. Dari keseluruhan hasil yang didapatkan dari eksperimen,
akurasi terbaik diraih pada konfigurasi epoch 60 dengan hasil 91,033% dan terburuk pada epoch 20
dengan hasil 81,267%.
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4. Diskusi

Mengacu pada hasil eksperimen yang didapat pada eksperimen yang tertera dalam Gambar 5.
Akurasi dari sistem Kklasifikasi yang dibuat mengalami tren peningkatan seiring dengan
pertambahan jumlah epoch. Tetapi terjadi sedikit fluktuasi akurasi, tepatnya pada epoch 60 performa
akurasi dari sistem meningkat drastis yang kemudian turun lagi pada pertambahan epoch
selanjutnya. Jika menilik secara teori, seiring bertambahnya nilai epoch maka performa dari sistem
yang dirancang juga semakin meningkat dikarenakan sistem lebih mampu menggeneralisir data
berdasarkan update dari weight dan bias atau pembelajaran yang sudah dilakukan pada epoch
sebelumnya.

Fluktuasi nilai seperti ini terjadi karena sistem mengalami overfitting yang menyebabkan pada
beberapa kondisi tertentu sistem tidak dapat menggeneralisir atau memprediksi data dengan baik.
Overfitting yang terjadi dikarenakan jumlah dari dataset yang digunakan masih kurang atau belum
mencapai jumlah yang sesuai. Overfitting juga dimungkinkan terjadi dikarenakan karakteristik
dataset untuk kelas non-pornografi yang terdapat dalam NPDI dataset terlalu mudah untuk di
prediksi, sehingga pendistribusian nilai saat proses training menjadi tidak seimbang.

Tidak ada acuan pasti dalam menentukan nilai epoch yang ingin diterapkan, hal ini terkait
dengan konvergensi dari neural network yang dilatih. Suatu model dapat dikatakan konvergen jika
dalam proses training yang dilakukan sudah tidak terdapat lagi peningkatan performa yang
signifikan, hal ini bisa dilihat dari parameter loss saat training. Jika nilai loss selama training sudah
tidak mengalami penurunan secara signifikan seiring pertambahan epoch, maka hal tersebut dapat
menjadi pertanda bahwa model telah mencapai konvergensi dan sebaiknya penambahan jumlah
epoch atau proses training dihentikan. Tetapi selama performa dari sistem masih mengalami tren
kenaikan yang signifikan, maka penambahan jumlah epoch masih dimungkinkan sehingga proses
training masih bisa dilanjutkan.

Kesimpulan

Berdasarkan hasil yang telah didapat dari eksperimen, dapat disimpulkan bahwa peran epoch
sangat penting dalam mempengaruhi performa dari sistem klasifikasi CNN dengan ResNet-50 yang
dirancang. Seiring meningkatnya jumlah epoch didapatkan tren naik dari performansi sistem,
dikarenakan sistem mampu menggeneralisir data lebih baik berkat pembelajaran yang dilakukan
pada epoch sebelumnya. Tetapi fluktuasi nilai masih mungkin terjadi dikarenakan overfitting yang
dialami sistem. Sangat disarankan untuk penelitian selanjutnya agar dapat meningkatkan jumlah
epoch latih dan menambah dari segi kuantitas maupun karakteristik dataset masukan sistem.
Diharapkan, penelitian ini dapat dijadikan acuan untuk pengembangan metode ataupun piranti
lunak yang dapat meminimalisir dampak negatif dari pornografi.

Terkait dengan riset kedepan yang dikerjakan akan berfokus mengenai pengaruh konfigurasi
learning rate terhadap performansi klasifikasi citra pornografi dengan menggunakan ResNet-50. Serta
terdapat rencana riset optional untuk mencari pengaruh modifikasi arsitektur, terutama dalam
susunan dan jumlah layer ResNet-50 terhadap performa klasifikasi pornografi.

Kontribusi Penulis: konseptualisasi, F.N. and 5.A.O.; metodologi, F.N.,G.B.; piranti lunak, F.N.; validasi, F.N.,
S.A.O. dan G.B.; analisis formal, F.N.; investigasi, F.N., S.A.O.; sumber, 5.A.O., G.B.; kurasi data, F.N,;
penulisan— persiapan draft asli, F.N.; penulisan— peninjauan dan penyuntingan, S.A.O., G.B.; visualisasi, F.N.;
pimpinan, F.N., 5.A.O.; administrasi proyek, S.A.O., G.B.; akuisisi dana, F.N.
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Abstract: As the global pandemic caused by coronavirus disease is spread massively in Indonesia,
proper predictive modeling is required to represent the prediction of disease outbreak. This study
presents the comparative predictive modeling for predicting disease outbreak using two models i.e.,
optimizable support vector machine (SVM) and optimizable gaussian process regression (GPR). The
dataset used in this study contains three cases i.e., positive cases, recovered cases, and death cases.
The dataset at each case is divided into training dataset for the training process and external
validation dataset for the validation process. Based on the training process and validation process,
the root mean square error (RMSE) at positive cases, recovered cases, and death cases using
optimizable GPR is substantially more effective for prediction than the optimizable SVM. According
to the result performance, by applying optimizable GPR, the training process has the average RMSE
of 19.54 and the validation process has the average RMSE of 15.85.

Keywords: Dataset; Optimizable GPR; Optimizable SVM.

1. Introduction

The coronavirus pandemic or COVID-19 pandemic is the ongoing pandemic which caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first outbreak was identified in
December 2019 in Wuhan, China [1]. The outbreak of COVID-19 affects many sectors such as
economy, logistics, transportations, etc. In Indonesia, the first case of COVID-19 was confirmed on 2
March 2020 and by 9 April 2020 was spread to all 34 provinces [2-4].

According to the data of coronavirus cases released by the Indonesia Government, a predictive
modeling is required to represent the data behavior of confirmed cases in Indonesia. This study
presents the comparative predictive modeling using optimizable support vector machine (SVM) and
optimizable gaussian process regression (GPR). The simulation was performed using Regression
Learner Application in MATLAB 2020 (Trial version). The contents of this paper are organized as
follows: section 2 discusses the materials and methods used in this study. Furthermore, section 3
demonstrates the results and verification analysis. Finally, we present our conclusions in section 4.
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2. Materials and Methods

2.1 Materials

The dataset used in this study was taken from the confirmed coronavirus cases information in
Indonesia presented by Indonesia Government and Worldometer [1-2]. The dataset includes three
cases i.e., positive cases, recovered cases, and death cases. The positive cases are the cases of people
actively infected by coronavirus. Furthermore, recovered cases include cases of recovered patients
from coronavirus. Finally, the death cases are the total number of death cases due to coronavirus.

In this study, the dataset is divided into two parts i.e., training dataset for the training process
and external validation dataset for the validation process. The training dataset includes all the
positive cases, recovered cases, and death cases started from 24 March 2020 to 30% April 2020.
Whereas, the external validation dataset includes all the confirmed coronavirus cases in Indonesia
started from 1t May 2020 to 12t May 2020.

2.2 Methods

To represent the model of confirmed coronavirus cases dataset in Indonesia, the predictive
modeling is required. In this study, we used two models to predict the coronavirus disease outbreak
in Indonesia i.e., SVM regression and gaussian process regression (GPR). The SVM Regression can
be categorized as nonparametric technique because it depends on the kernel function selections [7].
Generally, SVM Regression can be written in Eq (1). Furthermore, the common equation of GPR is
determined in Eq (2) [8-9].

N
F(X) =D (@ —23)G(Xq, X) +b 1)
=1

Where: f(x) is response value (total cases), x is predictive value (number of day), N is the amount of
dataset, a and a* are the lagrange multiplier, G is kernel function, b is betha parameter.

P(yi [£(xi),x;) ~ N(y; |h(Xi)TB+f(Xi),GZ) (2)

Where: P(yi | f(Xi), Xi) is density function, f§ is betha parameter, o2 is noise variance, h is explicit

basis function.

In this study, the simulation was performed using Regression Learner Application in MATLAB
2020 (Trial version). In the Regression Learner Application in MATLAB, the optimizable SVM
contains the selection of several kernel functions such as linear, quadratic, cubic, fine Gaussian,
medium Gaussian, coarse Gaussian, etc [5]. Furthermore, the optimizable GPR includes selection of
several kernel functions such as rational quadratic, squared exponential, mattern 5/2, exponential, etc
[6]. Both the optimizable SVM and optimizable GPR use two processes to build the optimal predictive
model i.e., training process and external validation process. The root mean square error (RMSE) and
average RMSE are applied to evaluate the optimal predictive model performance [6].

3. Results Analysis

There are two predictive models i.e, optimizable GPR and optimizable SVM used in this study
which include two main processes i.e., training process and external validation process. Firstly, the
training process by using training dataset, this process is used to find the best kernel function to
obtain the optimal predictive model to represent the confirmed coronavirus cases in Indonesia.
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Furthermore, the external validation process includes the external validation dataset which used to
verify the performance of the optimal predictive model obtained in the training process.

In the training process, the selection process to find the optimal predictive model for positive
cases, recovered cases, and death cases are shown in Figure 3, Figure 4, and Figure 5 respectively.
Using optimizable SVM, the best kernel function was achieved by cubic function for all confirmed
coronavirus cases in Indonesia i.e, positive cases, recovered cases, and death cases. Furthermore, for
optimizable GPR, the best kernel function was obtained by nonisotropic matern function for positive
cases and isotropic matern function for recovered cases and death cases.

As explained in section of materials and methods, in this study, we used the training dataset
from confirmed coronavirus cases in Indonesia started from 274 March 2020 to 30* April 2020. Figure
6 shows the comparison of predictive modeling in the training process using optimizable SVM and
optimizable GPR. According to Figure 6, it is clearly seen that the optimizable GPR is more able to

represent the training dataset for positive cases, recovered cases, and death cases than optimizable
SVM.
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Figure 1 Searching for the optimal predictive model parameter for positive cases
using: (a) Optimizable SVM; (b) Optimizable GPR.
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Figure 2 Searching for the optimal predictive model parameter

using: (a) Optimizable SVM; (b) Optimizable G

for recovered cases
PR.

Table 1 shows the RMSE value of several cases using optimizable SVM and optimizable GPR in
the training process. According to Table 1, optimizable GPR has lower RMSE value in positive cases,
recovered cases, and death cases than optimizable SVM has. Therefore, the average RMSE produced
by optimizable GPR is lower than produced by optimizable SVM 1i.e, 19.54. This result reveals that
the optimizable GPR model has more favorable prediction capability than the optimizable SVM does.
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Figure 3 Searching for the optimal predictive model parameter for death cases
using: (a) Optimizable SVM; (b) Optimizable GPR.

The external validation process was used for testing to assess the optimizable GPR and
optimizable SVM performance. This study used the confirmed coronavirus cases in Indonesia started
from 1st May 2020 to 12t May 2020 as external validation dataset. The RMSE value in the external
validation process is shown by Table 2. According to Table 1 and Table 2, the average RMSE value
achieved by optimizable GPR is more stable than obtained by optimizable SVM i.e., 19.54 and 15.85

for training and external validation process respectively. These results indicate that the optimizable
GPR has more robust model than optimizable SVM.
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Figure 4 The prediction curve of disease outbreak at training process using optimizable SVM model for:
(al) Positive cases; (b1) Recovered cases; (c1) Death cases, and using optimizable GPR model for: (a2)

Positive cases; (b2) Recovered cases; (¢2) Death cases.

Table 1. The RMSE value at the training process

Method RMSE Average RMSE
Positive cases Recovered cases Death cases
Optimizable SVM 164.90 22.65 24.68 70.74
Optimizable GPR 38.46 13.77 6.40 19.54
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Table 2. The RMSE value at the external validation process

Method RMSE Average RMSE
Positive cases Recovered cases Death cases
Optimizable SVM 31.75 11.04 14.21 19
Optimizable GPR 25.04 9.87 12.65 15.85

4. Conclusions

This study successfully demonstrated the optimal predictive model to predict the coronavirus
disease outbreak in Indonesia which includes three cases i.e., positive cases, recovered cases, and
death cases. The dataset of each case is divided into training dataset and external validation dataset.
There are two model applied in this study i.e., optimizable support vector machine (SVM) and
optimizable gaussian process regression (GPR). According to the training process, the optimizable
SVM has average RMSE of 70.74 and optimizable GPR has average RMSE of 19.54. Furthermore, in
the external validation process, the optimizable SVM and optimizable GPR have average RMSE of 19
and 15.85 respectively. This finding indicates that the optimizable GPR model is more suitable to
represent dataset. Therefore, the future work will concern about using optimizable GPR model to
predict the coronavirus disease outbreak in Indonesia by including the distribution of location
coordinates (longitude and latitude) from infected people.
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