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 Vending machines can be used as a solution to overcome losses for selling 

and make the payment system easier. This study aims to design a snack 

vending machine with a payment system using an Android-based QR Code 

scan application in which there is a balance as electronic money. In the 

payment application, there is also an admin account to top up balances and 

view sales history, making it easier for sellers to monitor sales results. This 

snack vending machine uses ESP32 to store data as well as transmit data 

from every activity that occurs. There are 4 types of snacks in this vending 

machine. Selection of the type of snack using the Keypad and to regulate 

the release of the snack using a servo motor connected to a spiral wire. 16x2 

LCD to display data and an Infrared Avoid Obstacle sensor to stop the servo 

from rotating when it detects food falling in front of it. Testing on a snack 

vending machine using a QR Code was carried out by trying to purchase 4 

types of snacks, with each trial 10 times. The whole test is successful, the 

tool can issue snacks and transactions on the payment application run 

properly.  
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1. INTRODUCTION 

A vending machine is a machine that can automatically sell various products based on user requests. 

A vending machine is an automatic device that uses digital and mechanical energy or a mechanism to 

automatically dispense products such as medicines, groceries, tickets, or licenses to users without paying 

for human labor in vending machines [1, 2]. Several different drink machines user operated by inserting 

coins to purchase drinks [3]. Today's vending machines generally still use coins, paper money, and cards 

to make payments at vending machines [4]. The problem when using banknotes or coins is that they are 

less effective when making payments because not all buyers carry the specified amount [5]. 

Vending machines can now be applied to honesty canteens. Honesty canteens are a method used in 

schools and offices to sell something without a salesperson on duty [6]. The honesty canteen has a 

similar principle to a vending machine [1,7]. Buyers can make payment transactions independently 

without a seller, by entering money in the box provided as a place of payment at the honesty canteen 

[8]. However, the problem that often occurs for sellers is that the amount of sales proceeds do not match, 

resulting in losses [9, 10]. A vending machine can be interpreted as a tool or machine used to sell goods 

automatically. What is meant by automatic here is that it does not require workers to sell goods that can 

be purchased according to what the buyer wants [11, 12]. 

In its use, smartphones can read QR Codes, one of which is to provide information on data [13]. 

QR Code is a two-dimensional image that represents data, especially data in the form of text. QR Code 

has the ability to store data [14]. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://journal.ubb.ac.id/ecotipe
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In this study, there are several similar studies that are used as a reference in the implementation of 

this research. The research and observations used as a reference are described as follows. The first 

research discusses an automatic food-drink vending machine with a payment system using a coin 

acceptor to read coins [15]. In this study, the hardware design uses ATMega8 as a microcontroller, DC 

motor driver, DC gearbox motor, coin selector, Bluetooth module, and buzzer. The second study 

discusses the design of a vending machine with a payment system entering banknotes by reading the 

value of the color of the banknote using a color sensor. In this study, the manufacturer of the tool uses 

Arduino Uno as a microcontroller and uses a 16x2 LCD, Push button, and Servo Motor [16]. The third 

research discusses Vending money changer machines made to help kiosks, mini markets, or banks to 

exchange money and make the process of converting paper money into coins easier. This device is based 

on the Arduino Uno microcontroller to control the equipment [17].  This tool uses a TCS3200 color 

sensor to detect the color of the IDR 5,000 note, a DC motor to pull out banknotes, and a servo motor 

to issue IDR 1,000 coins. In this device, the LCD is used to display the manual for using the vending 

machine and the number of coins issued. In this research, the manufacturer of the tool uses Arduino Uno 

as a microcontroller and uses a 16x2 LCD, TCS3200 color sensor, and a DC motor. The fourth research 

discusses automatic beverage vending machines that can make sales using non-cash payments by 

utilizing RFID as a medium for storing balances and different IDs. In this study, the manufacturer of the 

tool uses Arduino Uno R3 as a microcontroller and uses a 16x2 LCD, Keypad, and Servo Motor [18, 

19].  The fifth study discusses the manufacture of vending machines with RFID containing balances 

used as a tool to make payments at the vending machine [20]. In this study, the manufacturer of the tool 

uses Arduino Uno as a microcontroller, Button, RFID Module, 16x2 LCD, and Motor. 

This research will complement the shortcomings of previous research. The vending machine 

payment system this time will be done by scanning the QR Code via the camera installed on the 

smartphone so that buyers don't need to prepare banknotes, coins, and cards. To make payments via QR 

Code, smartphone users must first download the application that has been made to make payments.  On 

the vending machine, a QR Code will be affixed which will provide information in the form of data 

from the snacks on the machine [21]. The QR Code scanning process is carried out through an android-

based application.  In the application, there are two accounts, namely the admin account user account. 

User accounts are used to make payment transactions which contain data in the form of user accounts 

and balances. The admin account is used to top-up user account balances and view snack sales history. 

The communication used between the vending machine and the application is through the real-time 

database feature on firebase. Through this application, snacks in the vending machine can be purchased. 

With this research, it is hoped that it can help in terms of convenience and security in transacting on 

snack vending machines. 

2. RESEARCH METHOD 

The snack vending machine made in this study consists of components that are used both software 

and hardware such as: 

2.1. Design Block Diagram 

It is one part of the design of making this tool because from this block diagram we can know the 

working principle of the whole circuit. Simplify the design process for making tools so that a system 

that is in accordance with the previous design will be formed. The following block diagram of the system 

can be seen in Figure 1. 

 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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Figure 1. Design Block Diagram 

The Block diagram of the system in Figure 1 can be explained as the system on a snack vending 

machine using ESP32 as one of those microcontrollers. ESP32 has several advantages over other 

microcontrollers. The main thing is the built-in WiFi module and Bluetooth which makes it easy for the 

ESP32 to connect to the internet. Internet connection is needed in an IoT project. ESP32 is also equipped 

with a GPIO Pin that can be used for various needs. There are also I2C and SPI pins which make it easy 

to communicate [22]. In this study, using ESP32 was the main microcontroller or data processing center 

used to control snack vending machines. The keypad is a series of switch buttons that have been arranged 

to form a row and column named in the form of numbers and letters, which serves to signal a circuit, by 

connecting certain lines [23]. In this study, the Keypad is used as a button to select the type of snacks 

available on the snack vending machine. The Infrared Obstacle Avoid Sensor is a module consisting of 

infrared and a photodiode that functions as a detector of obstacles or objects in front of it [24, 25]. In 

this study, the Infrared Obstacle Avoid sensor is used to detect food falling in front of it as a continuous 

servo motor rotation controller. A Servo motor is a DC motor with a closed feedback system where the 

position of the motor will be informed back to the control circuit in the servo motor. This motor consists 

of a DC motor, a series of gears, a potentiometer, and a control circuit [24]. In this study, using a 

continuous servo motor connected to a spiral to push snacks. As communication between the vending 

machine and the Android application, the real-time database feature on the firebase console is used as a 

database for data storage so that the vending machine and the Android application can be connected to 

run the work system of the snack vending machine. 

2.2. Account List Flowchart 

Figure 2 is a system flowchart from account registration in order to make purchases on the vending 

machine application. On account registration, user data after registration will be stored in the database. 

The data that must be filled in is the Account Name and Password. The system can also find out from 

the account data whether it has been used or not, if it has been used a warning will appear that the 

account has been registered. 

2.3. Account Login Flowchart 

In the design of Figure 3, namely the Account Login flowchart, the method of filling in the Account 

Name and Password is used, if the Account Name and Password are incorrect, the system will 

automatically warn that the account entry failed because the account name or password is wrong. If true 

then Login is successful. 

 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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             Figure 2. Account List Flowchart                        Figure 3. Account Login Flowchart 

2.4. Admin Account Flowchart 

Start 

Enter admin 

accout name an 

password
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End 

Balance top-up Sales history

Select the account 
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Fill-up value

See history

Yes No

Yes

No

 

Figure 4. Admin Account Flowchart 

In the design Figure 4, is a flowchart of the admin account to top-up balances and view the sales 

history of the vending machine. Accounts that can be top-up balances are user accounts that have been 

registered. 

 

2.5. Work System Flowchart 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&


 

  

Volume 10, Issue 1, April 2023, pp. 1-11 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3357 

5 

 

 

 

Snack Vending Machine Using QR…  (Arya Jaka Maulana, et al)  

Start

System 

initialization

Select food using 

keypad

Display snack 

data on LCD

If the snack to your 

liking

Scan QR Code 

with app

If the balance 

is sufficient?

Display 

balance data 

and snacks

Yes 

A

Displaying 

balance data 

is not enough

B

No 

Make a payment

No 

Yes 

Send data to 

database

Appropriate 

qr code
Yes 

Notification 

qr code 

does not 

match

No 

Check snacks 

1,2,3,4?

Yes 

No 

A B

Update data 

to database

Snacks out

End 

Infrared sensor detects 

falling snacks

Servo motor 

push snacks 

out

Successful 

purchase 

notification on 

lcd and app

 

Figure 5. Work System Flowchart 

From the flowchart in Figure 5, it can be explained the process of running a snack vending machine 

using a QR code. First, it starts with system initiation including ESP32, keypad, LCD, infrared sensor, 

and servo motor. The way it works starts with checking the food stock with an infrared sensor and then 

selecting the type of snack using the keypad. After that, the keypad input sends the food type selection 

data to the database which will be sent to the QR code scan payment application after scanning. After 

that, enter the payment application and make payments by scanning the QR code using Android. The 

QR code scan process is successful when the scanned QR code matches the vending machine. This QR 

code contains data on the price and type of snacks. Then check the balance, when the balance is sufficient 

then you can make purchases and when the balance is less then you can't make transactions. After the 

purchase transaction is successful, the latest balance data will be updated in the database. Then after the 

purchase is successful, the servo will push the food out. The falling food will be detected by the infrared 

sensor to stop the rotation of the servo motor. The buyer picks up the selected food. 

2.6. Snack Vending Machine Hardware 

The snack vending machine using created QR Code in Figure 6 has been tested. This is done with 

the aim of knowing whether the tools made are working as expected. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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Figure 6. Snack Vending Machine Hardware 

3. RESULTS AND DISCUSSION  

This section contains the design results from testing each hardware and software used as a whole 

that makes up the system on the snack vending machine. 

3.1. Android Application Design Results 

1. Account Login Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Account Login Page 

This display in Figure 7 has two menus, namely, the first is the Login menu for an account that has 

been registered, then you can enter or log into the application to make transactions on the vending 

machine. Second, the menu for Registering a New Account, if you don't have an account, for a newly 

registered account, you will get an initial balance of zero rupiahs. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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2. Admin Page 

 

Figure 8. Admin Page 

On the admin page view in Figure 8, there are three menus that can be accessed, namely the Top-

up Balance Menu which functions to top-up balances on member accounts or registered users so that 

they can make food purchases, the Snack Sales History Menu functions to view transaction history on 

the vending machine. Snacks that have been sold. 

3. Payment Transaction Page 
 

       

(a)                                                     (b) 

Figure 9. (a) QR Code for snack and (b) Payment Transaction Page 

On the payment transaction page in Figure 9 (b), there is an account name, balance, and a menu to 

scan the QR code in Figure 9 (a). After the user selects the type of snack on the machine. After that, the 

user scans the QR Code on the machine. When it has been scanned, the application will direct the user 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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or user to the menu to make payments for the snacks that have been selected. In the menu for making 

payments, there is price information for the selected snacks and a menu for clicking Pay Now to remove 

the food and the balance in the account will decrease. In addition, there is also a menu to cancel if you 

want other types of snacks. 

2.2. System Testing Discussion 

In this section is the result of a discussion of system testing carried out on snack vending machines 

that have been made according to the purpose or not. 

1. Keypad Test and QR Code Scan 

This test is carried out to determine the results of the accuracy of selecting the type of food by using 

the Keypad as input and scanning the QR Code according to the selected results or not. Selecting the 

type of food using the Keypad will be displayed on the LCD while the results of the QR Code Scan will 

be displayed on the Application. Keypad keys in Figure 10 used for selection are: 

1. Button No. 1 in Keypad for Momogi snacks 

2. Button No. 2 in Keypad for Saltcheese snacks 

3. Button No. 3 in Keypad for Regal snacks 

4. Button No. 4 in Keypad for Better snacks 

5. Button A for Cancel 

The result of the keypad test and QR code scan result is shown in Table 1.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Keypad Test and QR Code Scan 

Table 1. Keypad Test and QR Code Scan Result 

Data to- Selection of types 

of snacks on the 

keypad 

Display on LCD QR Code scan 

display on the 

application 

Description 

1 Momogi In accordance In accordance succeed 

2 Saltcheese In accordance In accordance succeed 

3 Regal In accordance In accordance succeed 

4 Better In accordance In accordance succeed 

2. Infrared Obstacle Avoid Sensor Testing 

This test is carried out to detect any obstacles or objects from falling snacks. Falling objects can be 

detected by the sensor because it has an IR Emitter that functions to reflect infrared to the object and 

then it is reflected and will be received by the IR Receiver. When the object in front is detected by the 

infrared sensor, the LED will light up. The result is in Table 2. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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Table 2. Infrared Obstacle Avoid Sensor Testing 

Object 

distance 

LED condition/Sensor 

digital value 

Status on LCD 

1-4 cm ON/0 Please take a snack 

5-8 cm ON/0 Please take a snack 

9-12 cm OFF/1 - 

 

3. Snack Payment Test with Order 

This test is done by selecting the type of food in sequence and doing the experiment repeatedly. In 

this test, it is expected that the tool can remove snacks on the machine according to the choice. And the 

balance on the account is expected to be updated after making a snack purchase at the vending machine. 

If the payment is succesfull, the display will show Figure 11 (b). This test is carried out using 4 different 

accounts and balances.        

       
(a)                                         (b) 

Figure 11. (a) Buy a snack and (b) payment snack 

4. Less Balance Payment Test 

This test is carried out to prove when making a payment at a snack vending machine that when the 

balance on the account is not sufficient, it cannot process transactions and also does not issue snacks. 

The display will show Figure 12. 

 

Figure 12. Less Balance Payment Test 

4. CONCLUSION  

Based on the results of the design, manufacture, testing, and analysis that have been carried out 

from the implementation of this research it can be concluded, as follows: 
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1. Snack vending machines using a scan QR code can work well marked by snacks that manage to come 

out of the vending machine after making a purchase transaction using a scanned QR code application. 

2. Purchase of snacks using an android-based QR code scan application which includes the user's 

account and balance so that it is safer and makes it easier for users to make payment transactions. 

3. The payment application uses an admin account to top-up balances and views the history of 

successful sales based on testing and analysis. 
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 Based on the HOT Fit Model, this study evaluates the efficiency of 

the Follow-Up Monitoring Information System of the Supreme 

Audit Agency of the Republic of Indonesia (BPK RI). The 

evaluation focuses on the external Follow-Up Monitoring 

Information System or the auditee's perspective. This research is 

qualitative research with a case study approach, and the object of the 

research is the Inspectorate of Majene Regency, West Sulawesi. 

Evaluations are conducted on the human, organizational, and 

technological components. The human side of human resources 

(HR) management, demonstrates the field's experience, expertise, 

and understanding. Passwords for every admin and Follow-Up 

Monitoring Information System inputer are excellent means of 

restricting access privileges from an organizational perspective. In 

terms of technology, the Follow-Up Monitoring Information System 

application allows for rapid page navigation and the installation of 

new functions. Based on the HOT Fit Model, the external Follow-

Up Monitoring Information System application at the Majene 

Regency Inspectorate has been successful. Currently, the downsides 

of the Follow-Up Monitoring Information System include the lack 

of frequent training for users, subpar communication with users, the 

lack of regular password changes, and the lack of regular program 

upgrades. 
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1. INTRODUCTION  

Results of the follow-up review are categorized into 4 (four) statuses, as per BPK Regulation 

Number 2 of 2017 concerning Monitoring the Implementation of Follow-up on the Recommendations 

of BPK Examination Results: (1) the follow-up has been in accordance with the recommendations; (2) 

the follow-up is not in accordance with the recommendations; (3) the recommendations have not been 

followed up; or (4) the recommendations cannot be followed up [1]. The BPK monitors the Follow-Up 

to the Recommendations for Examination Results to determine that the relevant officials have 

implemented the recommendations on the results of the examination within the specified time limit. 

This system can be used by the audited entity (auditee) to submit supporting evidence documents for 

follow-up on recommendations from BPK examination results more quickly and well documented. The 

Follow-Up Monitoring Information System application is expected to speed up the process of 

determining the status of the recommendation. The Follow-Up Monitoring Information System 

application has been active for approximately five years as of 2022. On the other hand, it appears from 
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Graph 1 that the growth of Follow-Up to the Recommendations for Examination Results over the period 

2014-2021 is consistent with the growth of Follow-Up to the Recommendations for Examination Results 

before the Follow-Up Monitoring Information System application is used in 2017 and after it is used in 

2021. 

 
Figure 1. Follow-up Completion Progress from 2014 to 2021 

 (Source : IHPS Semester II, 2014 to 2021) 

 

Using the Follow-Up Monitoring Information System application will, as previously mentioned, 

facilitate a more streamlined and well-documented document submission process for monitoring 

Follow-Up to the Recommendations for Examination Results, speed up the determination of the 

recommendation's status, and generate more timely, accurate, and informative data for monitoring 

Follow-Up to the Recommendations for Examination Results. Because Follow-Up Monitoring 

Information System has an indirect effect on how successfully BPK's suggestions are followed through 

on, this study investigates the system's effectiveness as a documentation tool from the perspective of its 

end users. Users of BPK's Follow-Up Monitoring Information System include both BPK, in its role as 

examiner (auditor), and government bodies that are the subject of examination (auditee). This study 

takes a case-study approach to evaluate the efficacy of the Follow-Up Monitoring Information System 

on a single instance. This particular item was chosen on the basis of the fact that BPK's suggestions were 

widely disseminated. The 2020-2021 BPK recommendation distribution is depicted in Graph 2. Figure 

2 demonstrates that while the central government entity has received more BPK recommendations 

(23.61 trillion) than any regional government entity (55,678 recommendations), the central government 

entity has received a far lower value of BPK recommendations (4.82 trillion) (11,347 recommendations). 

Therefore, BPK makes a large number of recommendations to regional government units, but at a lesser 

value than to the federal government. 

The reference refers to IHPS Second Semester 2021. This fact motivates the study to investigate 

the phenomena of monitoring outcomes in local governments in light of BPK's Follow-Up to The 

Recommendations For Examination Results. In this analysis, we focus on one level of governance at the 

provincial level: West Sulawesi. Given its status as one of Indonesia's more recent provinces, West 

Sulawesi was selected as the study's focus. Following through on BPK's recommendations may be 

difficult for the local government due to the complexity of the situation as a growing new province, 

particularly in the areas of human resources (HR) and technology [2]. Figure 1 displays statistics on 

West Sulawesi Province's progress in completing Follow-Up to the Recommendations for Examination 

Results from 2014 s.d. to 2021, based on which the winners were determined. 

As shown in Figure 1, the Majene district saw the largest rise in the Follow-Up to The 

Recommendations for Examination Results completion rate after the introduction of the Follow-Up 

Monitoring Information System, going from 53.97 percent in 2017 to 74.7 Seventy-Four Point Seven 

Percent in 2018. The percentage of completion is steadily climbing; by 2021, Majene Regency will have 

the greatest follow-up completion rate of any district administration in Indonesia, at 81.44%. 

As previously explained, it is difficult to prove the direct effect of Follow-Up Monitoring 

Information System implementation on the Follow-Up to The Recommendations for Examination 

Results completion rate in the Majene Regency. The facts show that there are still quite several BPK 

recommendations that have not been followed up in a period of more than 60 days. However, 

normatively, the use of a Follow-Up Monitoring Information System should indirectly accelerate the 

process of completing the Follow-Up to the Recommendations for Examination Results in the Majene 

Regency. The reasons why Majene Regency was chosen as the subject of this research are the facts and 
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normative beliefs listed above. This study uses the Human Organization Technology Fit Model 

(hereinafter referred to as the "HOT Fit Model") in evaluating Follow-Up Monitoring Information 

System in Majene Regency. According to the HOT Fit Model, the contribution of information systems 

is determined by three components: human resources, organization, and technology. The HOT Fit model 

is suitable for evaluating Follow-Up Monitoring Information System because Follow-Up Monitoring 

Information System is an information system, meaning that its contribution is, of course, also influenced 

by these three components [3]. The HOT Fit model has been commonly used by research Soraya, which 

evaluates the relationship between human aspects as users, organizational aspects consisting of 

organizational structure and environment, and technological aspects consisting of system quality, 

information quality, and service quality to the benefits generated by management information systems 

in Indonesia [4]. General Sudirman University Hospital Pharmacy Installation. Lusiana's research also 

uses the HOT Fit Model to identify perceptions that influence the use of an android-based academic 

information system by lecturers at the University of Muhammadiyah Jember [5].  

This case study research aims to evaluate the performance or effectiveness of a system that has 

been implemented, the sustainability of a business, or other similar evaluations. Therefore, the case 

study in this study belongs to the evaluation category, and the recommendation is a follow-up to improve 

or maintain that performance [6]. This Follow-Up Monitoring Information System evaluation case study 

research is very important because Follow-Up Monitoring Information System has been implemented 

for five years and there has never been an evaluation of its application as one of the tools or monitoring 

tools for the follow-up to the recommendations of the BPK examination results. This study uses the 

HOT Fit Model developed by Yusof, Kuljis, Papazafeiropoulou, and Stergioulasm as an evaluation 

framework [7]. The HOT Fit model is very appropriate to be used in this study because in previous 

studies it was widely used to evaluate the public sector, which is the same as the object of this research, 

namely Majene Regency, which is an organization that provides services to the public. This study 

analyzes the indirect contribution of the Follow-Up Monitoring Information System to the Follow-Up 

to the Recommendations for the Examination Results settlement process, namely by evaluating the 

effectiveness of the Follow-Up Monitoring Information System in the Majene Regency Government 

using the HOT Fit Model. Therefore, the formulation of the research problem is: how is the effectiveness 

of the Follow-Up Monitoring Information System based on the HOT Fit Model? Based on the history 

and problem statement above, the goal of this study is to find out how well Follow-Up Monitoring 

Information System works using the HOT Fit Model. 

 

2. RESEARCH METHOD  

Based on the features of qualitative research, this study may be classified as such since it generates 

descriptive data in the form of interviewees' opinions on the efficacy of a Follow-Up Monitoring 

Information System based on the HOT Fit Model. According to Sugiyono's (2005) [8] 

recommendations, this research looks at the Follow-Up Monitoring Information System used by the 

Majene Regency administration in a more natural setting. This research issue calls for an in-depth and 

detailed examination of the actual situations on the ground, making qualitative research the most suitable 

method for answering it [9, 10]. According to Sulistyanto [11], a case study is "a systematic examination 

of a single program, event, activity, or process as it applies to a single item." This is exactly what is 

needed to assess the efficacy of the Follow-Up Monitoring Information System based on the HOT Fit 

Model. For this reason, case studies are a valid method for investigating FMIS efficacy [12].  

The main data collection technique in this study is in-depth interviews (depth interviews). Data 

analysis in this study was carried out through, First Grouping by category and the theme of answers at 

this stage, a deep understanding of the data is needed as well as full attention and openness to things that 

arise outside of the things to be explored [9]. The results of the interviews in the form of things expressed 

by the respondents were tried to be fully understood, and important themes and keywords were found, 

so that this study could capture experiences, problems, and dynamics that occurred in the subject 

[13]. Second, Put the assumptions or problems to the test. At this stage, the categories and themes that 

have been obtained through the analysis are reviewed in relation to the theoretical, so that the suitability 

of the answers to the categories and themes related to the HOT Fit model can be evaluated to answer the 
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assumptions/problems developed in this study. Third, Looking into alternative explanations for the 

data After the link between categories and themes of answers with assumptions and problems is realized, 

the research enters the explanation stage. This condition is explained with other alternatives through 

references or other related theories. This alternative explanation is very helpful in the discussion, 

conclusions, and suggestions sections [14].  
 

3. RESULTS AND DISCUSSION  

The Characteristics of Respondents Interview respondents in this study are parties who interact 

directly with the Follow-Up Monitoring Information System, consisting of Follow-Up Monitoring 

Information System Admins and Inputters as presented in Table 1.  

Table 1. List of Interview Respondents for Follow-Up Monitoring Information System Application Users at the 

Majene Regency Inspectorate 

No Position Task Amount Time 

1 Staff (R1) Admin Follow-Up Monitoring 

Information System   

1 person Tuesday 10 

Mei 2022 at 

08.00 WIB 

2 Head of General Administration, 

Personnel, and Follow-up Sub-Division 

(R2) 

Inputer Follow-Up Monitoring 

Information System   

1 person Wednesday 11 

Mei 2022 at 

08.00 WIB 

3 Staff (R3) Inputer Follow-Up Monitoring 

Information System   

1 person Friday 13 Mei 

2022 at 14.00 

(Source: Majene Regent Decree No. 205/HK/KEP-BUP/II/2021) 

According to the prior chapter, there were a total of seven members of the Follow-Up Monitoring 

Information System team; however, only three respondents were questioned because the other four 

members of the team had no direct involvement with the system. Since these three respondents had the 

most dealings with the Follow-Up Monitoring Information System, the Majene Regency Inspectorate 

felt they were qualified to represent the system on behalf of the whole organization. The auditee's 

opinion on Follow-Up Monitoring Information System is derived mostly from the three interviewees' 

replies. Subsequently, we'll go through the findings of the tests conducted on each part of the HOT Fit 

Model. 

3.1. Human  

The following are the results of the evaluation of the components of using the Follow-Up 

Monitoring Information System [9, 15]. 

1. System Operation 

Effective system functions are shown by application functions that are easy to understand and use. 

The evaluation results show that the Follow-Up Monitoring Information System function has been 

running well. This is based on the results of interviews with R1 stating that they can use the Follow-Up 

Monitoring Information System well, R2 stating that the features of this application are not too difficult 

and very easy, as well as R3, who stated the same thing. Based on the respondents' answers, it was 

obtained that the application functions in Follow-Up Monitoring Information System are very easy to 

understand and use. Information on operating system functions can be obtained through the External 

Follow-Up Monitoring Information System Module so that users can understand and use Follow-Up 

Monitoring Information System properly.  

2. Training 

Effective training is training that is carried out regularly, at least once a year. The results of the 

evaluation show that the training related to Follow-Up Monitoring Information System has not gone 

well. This is based on the results of an interview with R1, which stated that there was no training but at 

the time of launching the application there was joint input, as well as with R2, who stated the same thing. 

Meanwhile, R3 stated that since joining the Majene Regency Inspectorate in 2019 until 2022, there has 

been no training. Based on the answers of these respondents, information was obtained that the training 

carried out by BPK RI as the main person in charge of the Follow-Up Monitoring Information System 
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had never been carried out, either in the form of technical guidance or education and training every year. 

However, when the application was launched for the first time in 2017, the Majene Regency 

Inspectorate, together with other regencies, was guided directly by inputting together with the BPK RI 

team. This means that if there is a change in the Follow-Up Monitoring Information System admin and 

input due to a mutation or position decree, there is a possibility that the new admin or inputer will not 

be able to operate Follow-Up Monitoring Information System properly. 

3. Understanding of System Usage 

Knowledge of effective use of the system is when the user can fully understand the features that 

exist in the system. The evaluation results show that the knowledge of using the Follow-Up Monitoring 

Information System system has been running well. This is based on the results of interviews with R1, 

who stated that they could use the Follow-Up Monitoring Information System and felt capable even 

though they were not from the IT field and could learn information on system usage from the Follow-

Up Monitoring Information System Module, as well as R2 and R3, who stated the same thing. Based on 

the answers of the respondents, it was obtained that the features used were very easy to understand. The 

menus and displays are very easy to use, and respondents can add knowledge about the Follow-Up 

Monitoring Information System based on the External Follow-Up Monitoring Information System 

module in the Follow-Up Monitoring Information System. 

4. Hope 

Effective hope is indicated by the existence of a goal to build a system that runs for the better. The 

results of the evaluation show that expectations have gone well. This is based on the results of interviews 

with R1, which stated that it was hoped that there would be a menu to bring up the completion process 

directly; R2, which expressed the hope to maintain speed in terms of follow-up; and R3, which expressed 

the hope of future training. Based on the answers of the respondents, it indicates that there is an 

additional hope for a menu that can show the percentage of follow-up results to be displayed more 

quickly in the application. The speed of the Follow-Up Monitoring Information System application is 

also very important in the follow-up process. In addition, it is hoped that training related to Follow-Up 

Monitoring Information System can be carried out regularly every year for Follow-Up Monitoring 

Information System users so that they can better understand and operate Follow-Up Monitoring 

Information System. 

5. Acceptance and Rejection of The System 

Weaknesses or strengths in the system are indicators of whether or not a person accepts or rejects 

the system. The evaluation's findings indicate a healthy balance of system acceptance and rejection. 

Interviewees R1 (who found the app to be extremely useful and straightforward to use right away) and 

R2 (who found it to be straightforward right from the 2017 release) shared these opinions, and R3 echoed 

them. According to the data collected, even though the BPK RI's Follow-Up Monitoring Information 

System application is required to monitor the implementation of its recommendations following an 

examination, the auditee has embraced it since 2017 thanks to its many advantages. CPC. While using 

the program in this manner, there is no rejection of its usage. 

Based on an evaluation of the system's performance and an examination of its implementation at the 

Inspectorate of Majene Regency, it was determined that Follow-Up Monitoring Information System has 

been operating efficiently, but with some remaining flaws, most notably in its training component. 

3.2. User Satisfaction 

The following are the results of the evaluation of the Follow-Up Monitoring Information System 

user satisfaction component [9]. 

1. Perception of the user 

An individual's impression of an information system is based on their reactions to it. Real feedback 

from survey takers is the best indicator of how the Follow-Up Monitoring Information System is 

perceived by its users. It seems like things are going well from the perspective of the users, judging by 

the assessment findings. Interviewees R1 and R2 both found the program useful for seeing and 

monitoring the status of follow-up, while interviewee R3 said the application was simpler than others 

since it allowed for more input options for follow-up. still, another use According to the responses of 
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these individuals, the Inspectorate of Majene Regency, which is responsible of keeping tabs on BPK 

Follow-Up to The Recommendations For Examination Results, will benefit greatly from the transition 

from paper to digital storage of this information. 

2. User Advantages 

User benefits are the benefits that users feel or experience when using an information system. 

Effective user benefits are perceived as being related to the Follow-Up Monitoring Information System 

system as a useful system. The evaluation results show that the user benefits have been going well. This 

is based on the results of interviews with R1, who stated that the general benefits were very good because 

they could input quickly; R2, who stated that this application was very useful, especially for reducing 

business travel costs and speeding up verification; and R3, who stated that this application shortened the 

distance with the CPC office. Based on the answers of these respondents, information was obtained that 

with the existence of the Follow-Up Monitoring Information System, the Majene Regency Inspectorate 

could minimize costs and speed up the verification process through the Follow-Up Monitoring 

Information System application. This application can also show information about the lack of documents 

needed to complete the follow-up to the recommendations of the BPK examination results so that they 

are in accordance with the recommendations. 

The Majene Regency Inspectorate's Follow-Up Monitoring Information System effectiveness 

assessment of the user satisfaction part has been going well and doing its job.  

3.3. Organizational Structure 

The following are the results of the evaluation of the components of using Follow-Up Monitoring 

Information System [9]. 

1. Goal or Plan 

The success of the system's plans and aims may be gauged by how well they are actually carried 

out. The evaluation demonstrates that the intended functionality of the system has been met. 

Interviewees R1 and R2 said the main purpose of the Follow-Up Monitoring Information System 

application is to facilitate follow-up monitoring by the inspectorate, and interviewee R3 said the Follow-

Up Monitoring Information System application speeds up document input. According to the data 

collected from these respondents, the Follow-Up Monitoring Information System has successfully 

accomplished its primary objective of easing the burden on reporting institutions in providing ongoing 

monitoring of online BPK test results. It is now possible to automate the formerly manual process of 

entering BPK results and suggestions together with relevant follow-ups, all within the context of the 

Follow-Up Monitoring Information System application. 

3. Standard Control (Command and Control) 

The supervision of the system's use is the standard kind of control. Control standards that don't 

provide enough oversight or control are ineffective. Observations reveal that the established controls are 

functioning as expected. This is based on the responses of R1, who indicated that they only input and 

transmit to the admin, R2, who stated that only the admin and inspectorate input may be viewed, and 

R3, who stated that secrecy is preserved via email. According to the responses, the Follow-Up 

Monitoring Information System program controls its users by requiring them to enter unique passwords 

(admin and inputer). Follow-Up Monitoring Information System administrators, with input from the 

Majene Regency Inspectorate, are the only people who may access any given user's account, and the 

Inspectorate's data is never shared with any other parties. Each administrator's email address and Follow-

Up Monitoring Information System data are tied together in a single account for added security and 

oversight over the supervision process. 

4. Management 

Management refers to the people who work to keep the system running. Management that is both 

capable and well-staffed is effective. The review indicates that the management has been functioning 

smoothly. This is based on an interview with R1, who said the relevant HR is a computer science 

graduate; moreover, R2 and R3 added up to 1 administrator and 2 inputers, all of whom said the same 

thing. Respondent responses indicated that the Inspectorate of Majene Regency has enough numbers 

and levels of expertise in its management of human resources. According to the Majene Regency 

Inspectorate's leadership, the current staffing level of 1 administrator and 2 inputers for the Follow-Up 
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Monitoring Information System is adequate due to the high level of follow-up in the Majene Regency. 

Because of this, the Follow-Up Monitoring Information System application is used more frequently and 

with more efficiency.  

5. Communication or System Cooperation 

When users and service providers work together, this is known as system communication or 

cooperation. When users and service providers are able to communicate and work together productively, 

we say that there is effective communication or system collaboration. The review shows that the system 

of communication or collaboration has not worked adequately. This is based on an interview with R1, 

who said that the information that was appropriate or not according to the recommendations was late, 

but that it had been completed in the Whatsapp group; an interview with R2, who said that follow-up 

input was not directly obtained; and an interview with R3, who said that there were network problems. 

internet. From the responses, it was determined that there were several communication barriers, 

particularly those involved in entering the BPK recommendations for examination results. It took BPK 

RI a few days to verify the supplied follow-up findings, by which point it was too late to submit the 

data. As a result, there was confusion over when and how to submit BPK Follow-Up To The 

Recommendations For Examination Results verification results. Because it is web-based, the Follow-

Up Monitoring Information System application is particularly vulnerable to issues with the quality of 

the internet network during data entry. This is because the FMIS app cannot be used without an internet 

connection at all times. Through a Whatsapp group it developed, the BPK RI for the West Sulawesi 

Representative has communicated with and helped overcome these challenges. 

It has been determined that the Majene Regency Inspectorate's Follow-Up Monitoring Information 

System has been effective in evaluating the various parts of the organization's structure; however, there 

are still some problems, particularly with the communication component or system collaboration, which 

has not been functioning optimally.  

3.4. Technology (Technology) 

3.4.1. System Quality 

The following are the results of the evaluation of the components of using the Follow-Up 

Monitoring Information System [9]. 

1. The Simplicity of System Quality 

How simple it is to utilize the system's functions is a measure of the system's usability. According 

to the findings of the analysis, the quality of the system's ease of use has been stable. Interviews with 

R1 and R2 revealed that the application provided by the Follow-Up Monitoring Information System 

facilitated work in processing follow-up, while those with R3 revealed that it was less of a hassle to 

locate data from one year to the next. From their responses, we learn that BPK examination results from 

LHP are archived year by year, along with any relevant follow-up recommendations. Follow-Up To The 

Recommendations For Examination Results BPK data entry is simplified as a result. 

2. Time and Response 

Time and response measure how quickly the system may be accessed and how quickly responses 

are generated. An efficient time and reaction is a rapid one. Timeliness and responsiveness have been 

excellent, as seen by the assessment results. A conversation with R1 yielded these findings; he said that 

reaction time is internet-dependent and that page changes happen quite quickly. Similarly, R2 and R3 

make the same claim. According to the responses, the speed of the application is highly dependent on 

the speed of the user's internet connection. Meanwhile, switching between different application access 

pages in the Follow-Up Monitoring Information System was quite fluid and quick. This, however, is 

still contingent upon the bandwidth available to each individual utilizing the Follow-Up Monitoring 

Information System software. Moving to a new location with a more robust internet infrastructure will 

solve this problem. 

3. Flexibility 

The adaptability of a system depends on how well it meets the requirements of its users. What 

makes a system flexible is when it is adapted to each user. As can be seen from the evaluations, flexibility 

has been functioning as expected. Interviews with R1 and R2 and R3 yielded the same conclusion; they 
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all said that the Follow-Up Monitoring Information System application met the requirements of the 

Majene Regency Inspectorate. Respondent responses indicate that the software includes supplementary 

functionality that meets user expectations. To better meet the demands of the Majene Regency 

Inspectorate, the Follow-Up Monitoring Information System program has been updated to include a 

function that shows data on state/regional losses, for example.  

4. Security 

When a system is effectively secured, it can function as intended. For a system to be secure, it must 

employ reliable and robust safety measures. The evaluation findings indicate that the security of the 

Follow-Up Monitoring Information System has not been functioning optimally. R1 claims to have 

entered a password, R2 insists that passwords are accessible only to administrators and inputers, and R3 

confirms this. The user is linked to the email addresses of all Follow-Up Monitoring Information System 

administrators and inputters, in addition to their passwords. Only the administrator of the Follow-Up 

Monitoring Information System, with approval from the Majene Regency Inspectorate, has access to the 

data. On the other hand, it was learned via the interviews that the administrative and Follow-Up 

Monitoring Information System input passwords were never consistently updated. To improve security, 

most programs will periodically (every 30 or 90 days, for example) change passwords, however, the 

Follow-Up Monitoring Information System application does not.  

It appears that the Majene Regency Inspectorate has been doing a good job of evaluating the 

efficiency of the system quality component of the Follow-Up Monitoring Information System, but there 

are still some issues, particularly with the security element. 

3.4.2. Information Quality (Technology) 

The following are the results of the evaluation of the components of using the Follow-Up 

Monitoring Information System [9]. 

1. Information Quality Completeness 

The quality of information output that offers full data is said to be complete. You may judge how 

complete the quality of your effective knowledge is by looking at the output you get. According to the 

review, the information quality and completeness have been improving. This is based on feedback from 

R1, who said the app's menu was comprehensive and that a tutorial was available; R2, who said it was 

simple to browse suggestions and LHP; and R3, who agreed. According to the responses, the Follow-

Up Monitoring Information System's menu/display is packed with useful options. Information on each 

LHP is readily available to the Inspectorate of Majene Regency from year to year, and the output of the 

BPK Follow-Up to The Recommendations For Examination Results report has presented comprehensive 

data, including follow-up data that is in accordance with the recommendations, not in accordance with 

the recommendations, not in accordance with the recommendations, and cannot be followed up with the 

recommendations. 

2. Data Accuracy 

When the system generates input data accurately and without mistakes, we have high data accuracy. 

The system's low rate of errors translates to effective data accuracy. The data from The Follow-Up 

Monitoring Information System have been evaluated, and they reveal that the system is functioning 

smoothly. This is based on the information gleaned through conversations with R1, who said that the 

program was error-free and produced accurate output from the provided input. What is said in R1 is 

likewise stated in R2. It was determined from the responses that the data entered by the Majene Regency 

Inspectorate's Follow-Up Monitoring Information System inputer or administrator matched the 

outcomes of the application input. If the number 1000 is entered, for instance, it will also be output. The 

data obtained through the Follow-Up Monitoring Information System Application has been free of error 

circumstances to date. 

Based on findings from an evaluation of the Follow-Up Monitoring Information System's 

information quality subsystem, the inspectorate of the Majene Regency has been successfully 

maintaining a high standard of information quality. 
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3.4.3. Service Quality 

The following are the results of the evaluation of the components of using the Follow-Up 

Monitoring Information System [9]. 

1. Speed of Service Response 

The success of a running system depends on the rapidity with which it responds to requests from 

its users. A system with quick data access rates can effectively respond to service requests in a short 

amount of time. Based on the results of the test, the service's response time appears to be stable. This is 

based on feedback from R1, who claims the speed of the search menu is proportional to the size of the 

file; R2, who claims the search menu is suitable and appropriate for LHP; and R3, who claims the search 

for suggestions is always appropriate. Follow-Up Monitoring Information System search functions, such 

as looking for LHP in a given year or looking for information like results and suggestions, may be used 

to gauge the responsiveness of the service based on the responses of these respondents. As a result of 

the FMIS app's massive data storage capacity, searching for relevant information is quick and precise. 

When it comes to the uploading process, the Follow-Up Monitoring Information System app is still 

dependent on the speed of the user's internet connection network. 

2. Follow-up Service 

Updates are a sort of after-care service that improves or alters the original software. Consistent 

system updates are essential to the success of any after-care business. Follow-up of Follow-Up 

Monitoring Information System services has not gone well, according to the review. A conversation 

with R1 yielded this conclusion; R1 confirmed that there has been no update to the Follow-Up 

Monitoring Information System. However, R2 said that the application has undergone further 

modifications because of state/regional losses, while R3 claimed that the search for recommendations 

was always suitable. Using their responses, we were able to determine that the Follow-Up Monitoring 

Information System update at the Majene Regency Inspectorate has not been audited. Version 1.0 of the 

Follow-Up Monitoring Information System program is still in use; however, BPK RI has added support 

for state/regional loss information to the application. There was a breakdown in communication due to 

the fact that these adjustments were not communicated in writing or through the WhatsApp group 

container that had been set up.  

Despite positive results from the Follow-Up Monitoring Information System's evaluation of the 

service quality component at the Majene Regency Inspectorate, improvements are still needed. 

  

4. CONCLUSION  

This study looks at how well the Follow-Up Monitoring Information System works from the point 

of view of people who have been audited in the Majene District. The HOT Fit Model was used to do the 

evaluation. The evaluation was based on information from three respondents: one admin and two people 

who put information into the Follow-Up Monitoring Information System at the Majene Regency 

Inspectorate. Using the HOT FIT model, the evaluation shows that the Follow-Up Monitoring 

Information System works. The HOT Fit Model says that the Follow-Up Monitoring Information 

System works well in the following areas: (1) people (components of system use and satisfaction with 

the system); (2) organizational structure; and (3) technology (components of system quality, information 

quality, and service quality). Based on 18 indicators, we know that 16 have been running well: system 

functions, knowledge of system use, expectations, attitudes to accept or reject the system, user 

perceptions, user benefits, planning or goals, control standards (controlling), management, ease of 

system quality, time and response, flexibility, completeness of information quality, data accuracy, and 

speed of service response. The other 4 indicators have not been running well. The Follow-Up Monitoring 

Information System's flaws are shown by the three indicators that haven't worked well. There hasn't 

been regular training for users, communication with users hasn't been working well, passwords haven't 

been changed regularly, and applications haven't been updated regularly. 
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 Pineapple fruit is a type of horticultural plant that has the potential to be 

developed. In the process of pineapple cultivation, it is very susceptible to 

pests and diseases. Diseases that often attack pineapples such as; wilt 

disease, stem base rot, fusariosis, bacterial rot, and urethral disease. The 

process of identifying pineapple diseases is often done manually so it takes 

a long time. In addition, in the process of controlling pests and diseases, 

farmers only spray pesticides or other handling techniques that are not 

suitable for the pests and diseases that attack them. Thus, the treatment is 

not optimal and has an impact on the emergence of new pests and diseases 

in pineapple. Currently, computer technology can be used in various 

branches of science, one of which is artificial intelligence. The expert 

system is a scientific branch of artificial intelligence that can solve 

problems. The purpose of this research is to assist farmers in identifying 

pests and diseases in pineapples so that the control process can be carried 

out optimally, quickly and on target. The implementation of an expert 

system uses the Case Base Reasoning (CBR) method which will produce a 

diagnostic similarity value and provide recommendations for diseases that 

attack. This research processes data in the form of symptoms seen in 

pineapple plants. The test results obtained a percentage of 100%. Thus, the 

application of the CBR method is very relevant in identifying pests and 

diseases of pineapple plants. 
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1. INTRODUCTION  

Pineapple is a type of horticultural plant that has the potential to be developed because it can 

dominate the world tropical fruit trade [1]. Pineapple is a very important commodity owned by 

Indonesia. Indonesian people like to consume pineapple because it contains many vitamins such as; B1, 

B2, B3, B5, B6 and vitamin C. Pineapple can be consumed directly, or in processed forms such as: juice, 

pineapple jam, and cocktails [2]. In addition to the fruit which contains a lot of vitamins, the pineapple 

plant also has other uses, such as: (1) The leaves of the pineapple can be used as fiber (yarn) for clothing, 

(2) the pineapple contains the enzyme bromelain which can break down proteins, so that used for meat 

tenderizer, and (3) pineapple peel can be used for animal feed and as organic fertilizer [1]. 
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Pineapple belongs to the bromoliaceace family category which has the property of growing in the 

soil using roots. Pineapple plants usually grow on home yard soil, soil that contains a lot of organic 

elements that can hold a lot of water, so that it can survive on dry soil for a long time [3]. 

In an effort to increase the productivity of pineapple fruit, various problems were found, such as 

the presence of plant-disturbing organisms (OPT) that cause disease. One type of disease that is 

dangerous in pineapple is rotting fruit disease caused by bacteria [4]. During the growth process, 

pineapple plants are susceptible to pests and diseases. Pest and disease disturbances in pineapples can 

be in the form of fruit rot, wilt disease, stem rot disease, urethritis, interknoas, and fusariosis [5]. This 

pest and disease attack is a concern for farmers, because it can reduce the quality of the pineapple. In 

addition, these pests and diseases not only attack the fruit, but also attack the pineapple crown which 

can affect the availability of pineapple seeds [6].  

In general, if plants are attacked by pests and diseases, conventional farmers will spray pesticides 

or a treatment method that is not suitable for pests and diseases that attack plants. However, this method 

is not effective and maximal, which results in the emergence of new pests and diseases. 

Based on these problems, a system is needed that is able to identify pests and diseases that attack 

pineapple plants, so that the control process can be carried out optimally, quickly, and on target. An 

expert system is a computer system that adopts human knowledge. This system can be used to solve a 

problem based on facts, knowledge, and reasoning like an expert or expert [7]. Until now, expert systems 

have been widely applied in various fields such as health, fisheries, animal husbandry, plantations, 

education and many more. In the problem-solving process, a suitable algorithm is needed to solve the 

problem, namely the Case Base Reasoning (CBR) algorithm. CBR is an algorithm that uses experience 

to solve a problem. The problem solving process of the CBR algorithm is to find a case that is similar 

to the past case and reuse it to become a new problem [8]. The CBR algorithm is applied to define the 

level of logical confidence in evaluating a possibility. 

This research refers to several previous research studies that have implemented an expert system 

such as, Research conducted by [3] who created a Mobile-Based Expert System to Diagnose Pests and 

Diseases of Pineapple Plants Using Forward Chaining Methods. Furthermore, it was carried out by [7] 

to produce a system for diagnosing diseases in shallots to help farmers identify diseases in onion plants, 

an expert system for diagnosing diseases in gourami [9], an expert system for diagnosing infertility in 

men [10], and expert systems in determining healthy menus for pregnant women [11]. 

 

2. RESEARCH METHOD  

2.1. Expert System 

Expert System (Expert System) is a branch of artificial intelligence. An expert system is a system 

that adopts human knowledge to a computer or a system created to solve problems as done by an expert 

[12]. A good expert system is made with the aim of being able to solve certain problems by imitating 

the way experts work. An expert is a person who has special knowledge or expertise in solving problems 

that others do not have. 

The purpose of the expert system is to perform problem solving in various ways such as: 

Interpretation, Diagnosis, Design, Planning, Monitoring, Debugging, Instryksi, and Control. 

Furthermore, expert systems are useful for storing knowledge from experts [13]. 

2.2. Case Base Reasoning 

Case Base Reasoning (CBR) is a reasoning model that combines the process of problem solving, 

understanding. And learning. This process is carried out in various situations that have been stored in 

the system [14]. The process cycle of the CBR algorithm is as follows: 

1. Retrieve is a process to find new cases that are similar to the old cases stored in the base case. 

Furthermore, it is used again to find a solution for the new case. In CBR, retrieval consists of two 

algorithms, namely the decision tree algorithm and the nearest neighbor algorithm. 

2. Reuse is a process that reuses existing cases. This process is carried out because it is almost rare for 

new cases to be the same as old cases, so that solutions are made in the previous case to match the 

new case. 

3. Revise is a process that changes and adopts the proposed solution. Revise has two main tasks, 

namely: Evaluation of solutions is carried out based on responses from experts, and perform error 
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correction (adaptation). The adaptation method can be done by, Substitution, Transformation, Re-

instantiation (copying process), and using the solution from the previous case to become a solution 

to the new case. 

4. Retain is a process of storing and validating solutions from new cases into case-based [15].  

 

The stages of the case base reasoning process can be seen in  

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Process Case Base Reasoning 

The equation used in the case base reasoning (CBR) algorithm is as follows: 

 

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑃, 𝐶) =  
𝑆1+𝑊1…,(𝑆𝑛+𝑊𝑛)

𝑊1+⋯,+𝑊𝑚
      (1) 

2.3.  Research Stages 

3.3. The stages of research carried out in this study started from the Problem 

Description, Literature Study, Data Collection, Data Analysis, Result Testing, and Drawing 

Conclusions which can be seen in  

Figure 2. 

 

  

 

 

 

 
 

Figure 2. Research Flowchart 

1. Problem Description 

Based on  

Figure 2, this research stage begins with the problem description stage. This stage is very important 

to do, to know the scope of the problem under study to find the best solution. 

2. Study of Literature 
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The second stage in this research is literature study, to seek and study scientifically and theoretically 

previous studies that are relevant to the research conducted. 

3. Data Retrieval 

The data collection technique used in this research is the observation data calculation technique. 

4. Data Analysis (CBR Method) 

The fourth stage in this research is to analyze the data using Case Base Reasoning (CBR) method. 

The problem-solving process using the CBR method is carried out with the hope of finding the 

right similarity value based on the symptoms of the user. The following are the steps of the CBR 

method that will be carried out in this study: 

a. Determine the disease and symptoms 

b. Detrmine the relationship between disease and symptoms 

c. Determine the weight of each symptom 

d. Determine the similarity by the user with the disease on pineapple plants 

e. Comparing the similarity values for each disease 

f. Conclude the diseases found in pineapple fruit plants.  

5. Test Result 

The next stage is to carry out the testing process using the CBR method based on criteria data, to 

determine the level of system accuracy with manual calculations. 

6. Conclusion 

The last stage of this research is to draw conclusions based on the problems and results of research 

data analysis. The conclusion that is expected is to determine the type of disease from pineapple 

fruit plants. 

In this study the determination of the type of disease in pineapple fruit using the Case Base 

Reasoning (CBR) algorithm. The CBR algorithm process combines the stages of problem-solving, 

understanding, and learning into memory processing. The flowchart of the CBR algorithm can be seen 

in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Expert System CBR Flowchart 
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Figure 3 Shows the Flowchart of the CBR process on the expert system. In the flowchart, the first 

thing to do is to input the symptoms of the pineapple plant. Next, the system will perform the Retrieve 

process by calculating the similarity value. If the similarity value obtained is more than 0.5, then the 

system will reuse the old case for reuse, so that the diagnosis of pineapple disease is immediately 

obtained. However, if the similarity value obtained is less than 0.5, the system will process Revise and 

Retain as a new case. 
 

3. RESULTS AND DISCUSSION 

3.1. Description of Research Data 

The data used in this study were pineapple plant diseases which were used as research objects, 

types of diseases in pineapples and symptoms of each pineapple fruit disease. 

Data on diseases and symptoms of pineapple plants were obtained from interviews with experts. 

Thus, information on knowledge and rules that will be used in the decision-making system based on 

the pineapple fruit disease category can be obtained which can be seen in Table 1. 

Table 1. Pineapple Pests and Disease 
Code Disease 

P1 Wither Disease 

P2 Stem Rot 

P3 Fusariosis 

P4 Bacterial Rot 

P5 Urethral Disease 

Furthermore, Table 2 shows the symptoms of pests and diseases on pineapple plants: 

Table 2. Symptoms of Pineapple Pests and Diseases 
Code Symptom Weight 
G01 Curved Leaves 5 

G02 There are mealybugs on the roots 3 

G03 Withered leaves are brown, trun yellow, and dry 5 

G04 Root growth stops 5 

G05 Root rot 5 

G06 Rot at the base of the stem 5 

G07 The base of the stem is brown 3 

G08 Yellowish white leaves 3 

G09 The fruit turns yellow and then black 5 

G10 Leaves and fruit are easy to remove 3 

G11 The rotting part smells bad 3 

G12 Stunted plant grwoth (Dwarf) 5 

G13 Wound at the base of the stem 3 

G14 Roots and stems have urethra 3 

Each disease in pineapple has symptoms that can be seen in Table 3. 

Table 3. Symptoms Pineapple and Relationships 
Code P1 P2 P3 P4 P5 

G01 *  *   

G02 *     

G03 *  *  * 

G04 *   * * 

G05 *   * * 

G06  * *   

G07  *    

G08 * *    

G09  *    

G10    * * 

G11  *  *  

G12   * *  

G13  *   * 
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In the expert system there is an inference engine which becomes the rules for matching facts. The 

inference engine will start tracking by matching the facts contained in the knowledge base with the rules 

that have been set based on the knowledge base. 

3.2 Symptom Input 

The symptoms of pineapple that are inputted will be given a weight based on the answers given by 

the user. If the user answers YES then it will be given a weight according to the weight of each symptom, 

but if the user answers NO then it will be given a weight = 0. The symptom input from the user can be 

seen in Table 4. 
Table 4. User's Answer 

Code Symptom Answer Weight 
G01 Curved Leaves No 0 

G02 There are mealybugs on the roots No 0 

G03 Withered leaves are brown, trun yellow, and dry No 0 

G04 Root growth stops Yes 5 

G05 Root rot Yes 5 

G06 Rot at the base of the stem No 0 

G07 The base of the stem is brown No 0 

G08 Yellowish white leaves No 0 

G09 The fruit turns yellow and then black No 0 

G10 Leaves and fruit are easy to remove Yes 5 

G11 The rotting part smells bad Yes 3 

G12 Stunted plant grwoth (Dwarf) Yes 5 

G13 Wound at the base of the stem No 0 

G14 Roots and stems have urethra No 0 

 

Next, make the formation of rules obtained from experts, and apply them to the expert system. The 

experts in question are experts in the field of pests and diseases on pineapples. The following rules will 

be set in the expert system: 
RULE 1= IF G01 AND G02 AND G03 AND G04 AND G05 THEN P01 

RULE 2= IF G06 AND G07 AND G08 AND G09 AND G11 AND G13 THEN P02 

RULE 3= IF G01 AND G03 AND G06 AND G12 THEN P03 

RULE  4= IF G04 AND G05 AND G10 AND G11 AND G12 THEN P04 

RULE  5= IF G03 AND G04 AND G05 AND G10 AND 13 AND G 14 THEN P05 

After forming the rule from the expert, then execute the rule based on the answers to the symptoms 

selected by the user. The execution process is carried out by inputting the value of the symptom selected 

by the user into the predefined rule. Furthermore, from each of these symptoms, the minimum value is 

calculated for all symptoms that are in accordance with the rule and multiplied by the value of each rule. 

3.3 Retrieve Process 

The retrieval process is a process of finding similarities between new cases and cases in the 

knowledge base. The search process is carried out by matching the symptoms entered by the user with 

the symptoms contained in the knowledge base. In this retrieval process, a weighting process will be 

carried out using the Nearest Neighbor Retrieval (KNN) method. 

In the initial stages of diagnosis, the user will input the symptoms experienced by the pineapple in 

the expert system. Next, the user will press the process button to find out the results of the pineapple 

disease diagnosis. In the next stage, the system will do the weighting by matching one by one the 

inputted symptoms with the symptoms contained in the knowledge base. The following equation is used 

to calculate the similarity of weights in the system: 

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑃, 𝐶) =  
𝑠1∗𝑤1+ 𝑠2∗𝑤2+..𝑠𝑛+𝑤𝑛

𝑤1 +𝑤2…,+𝑊𝑛
                   (2)  

The process of calculating the case of wilting disease can be seen in Table 5. 
Table 5. Wilt Disease Scheme 

Disease Symptoms Weight  User’s Symptoms Weight 

G14     * 
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Curved Leaves 5 Root growth stops 5 

There are mealybugs the roots 3 Root rot  5 

Withered leaves are brown, yellowes, 

and dry 

5 Leaves and fruit are easy to remove 5 

Root growth stops 5 The rotting part has an unpleasant odor  3 
Root rot 5 Stunted plant growth (dwarf) 5 
Yellowish-white rickshaw leaves 3   

𝑆 (𝑃, 𝐶) =  
0 ∗ 5 + 0 ∗ 3 + 0 ∗ 5 + 1 ∗ 5 + 1 ∗ 5

5 + 3 + 5 + 5 + 5 + 3
 

=  
10

26
= 0.36 = 36% 

From the case calculation above, the user inputs 2 symptoms that have similarities with the old 

case. After the similarity calculation process was carried out, it was found that 43% of the diseases 

experienced by pineapples were wilt diseases. Furthermore, the calculation process for stem rot disease 

can be seen in Table 6. 
Table 6. Stem Base Disease Scheme 

Disease Symptoms Weight User’s Symptoms Weigth 
Rot at the base of the stem 5 Root growth stops 5 

The base of the stem is brown 3 Root rot 5 

Yellowish white leaves 3 Leaves and fruit are easy to remove 5 

The fruit turns yellow and then black  5 The rotting part has an unpleasant odor 3 

The rotting part smells bad  3 Stunted plant growth (dwarf) 5 

Wound at the base of the stem  3   

 

𝑆 (𝑃, 𝐶) =  
0 ∗ 5 + 0 ∗ 3 + 0 ∗ 3 + 0 ∗ 5 + 1 ∗ 3

5 + 3 + 3 + 5 + 3 + 3
 

=  
3

22
= 0.13 = 13% 

From the case calculation above, the user inputs 1 symptom that has similarities with the old case. 

After the similarity calculation process was carried out, it was found that 13% of the diseases 

experienced by pineapples were root rot diseases. Furthermore, the process of calculating Fusariosis can 

be seen in Table 7. 
Table 7. Fusariosis Disease Scheme 

Disease Symptoms Weight User’s Symptoms Weight 
Curved leaves 5 Root growth stops 5 

Withered leaves are brown, yellowed, and 

dry 

5 Root rot 5 

Rot at the base of the stem 5 Leaves and fruit are easy to remove 5 

Stunted plant growth (dwarf)  5 The rotting part has an unpleasant odor 3 

  Stunted plant growth (dwarf) 5 

 

𝑆 (𝑃, 𝐶) =  
0 ∗ 5 + 0 ∗ 5 + 0 ∗ 5 + 1 ∗ 5

5 + 5 + 5 + 5
 

=  
5

20
= 0.25 = 25% 

From the case calculation above, the user inputs 2 symptoms that have similarities with the old 

case. After the similarity calculation process was carried out, it was found that 50% of the diseases 

experienced by pineapples were Fusariosis. Furthermore, the calculation process for Bacterial Rot 

Disease can be seen in Table 8. 
Table 8. Bacterial Rot Disease Schematic 

Disease Symptoms Weight User’s Symptoms Weight 
Root growth stops 5 Root growth stops 5 

Root rot 5 Root rot 5 

Leaves and fruit are easy to remove 5 Leaves and fruit are easy to remove 5 

The rotting part has an unpleasant odor 3 The rotting part has an unpleasant odor 3 
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Stunted plant growth (dwarf) 5 Stunted plant growth (dwarf) 5 

 

𝑆 (𝑃, 𝐶) =  
1 ∗ 5 + 1 ∗ 5 + 1 ∗ 5 + 1 ∗ 3 + 1 ∗ 5

5 + 5 + 5 + 3 + 5
 

=  
23

23
= 1.00 = 100% 

From the case calculation above, the user inputs 5 symptoms that are similar to the old case in the 

knowledge base. After the similarity calculation process was carried out, it was found that 100% of the 

diseases experienced by pineapples were bacterial rot diseases. Furthermore, the calculation process for 

Urethral Disease can be seen in Table 9. 

Table 9. Urethral Disease Scheme 
Disease Symptoms Weight User’s Symptoms Weight 

Withered leaves are brown, yellowed, 

and dry 

5 Root growth stops 5 

Root growth stops 5 Root rot 5 

Root rot 5 Leaves and fruit are easy to remove 5 

Leaves and fruit are easy to remove  3 The rotting part has an unpleasant odor 3 

Wounds ont the trunk 3 Stunted plant growth (dwarf) 5 

Roots and stems have urethra 3   

 

𝑆 (𝑃, 𝐶) =  
0 ∗ 5 + 1 ∗ 5 + 1 ∗ 5 + 1 ∗ 3 + 0 ∗ 3

5 + 5 + 5 + 3 + 3 + 3
 

=  
13

24
= 0.54 = 54% 

From the case calculation above, the user inputs 3 symptoms that have similarities with the old 

case. After the similarity calculation process was carried out, it was found that 54% of the diseases 

experienced by pineapples were Urethritis. 

After calculating the similarity to the symptoms entered by the user, the identification results are 

obtained which can be seen in Table 10. 

Table 10. Identification Results 

Code Disease Identification 

Value 
P01 Penyakit Layu 36% 

P02 Penyakit Busuk Pangkal Batang 13% 

P03 Fusariosis 25 % 

P04 Busuk Bakteri 100 % 

P05 Penyakit Uret 54% 

Based on Table 10, obtained five types of diseases have similar values, namely wilting disease 

36%, root rot 13%, fusariosis 25%, bacterial rot 100%, and urethral disease 54%. However, of the 5 

similarities, the one with the greatest similarity value is Bacterial Rot Disease. So, it can be concluded 

that Pineapple is attacked by Bacterial Rot Disease. Then, testing with an expert system can be seen in 

Figure 4. 
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Figure 4. System Test Results 

4. CONCLUSION 

Based on the results of the research that has been done, it can be concluded that the Expert System 

that has been created can track the symptoms of the pineapple fruit plant selected by the user. The results 

of the identification of pineapple fruit plant diseases with symptoms: Root rot, Leaves, and fruit are 

easily removed, root growth stops, rotting parts have a bad smell, and stunted plant growth (Dwarf). 

Then the identification results were obtained in the form of wilting disease 36%, root rot disease 13%, 

fusariosis at 25%, bacterial rot 100%, and urethral disease 54%. Based on the results of the comparison 

of the similarity values for each disease, it can be concluded that the pineapple fruit plant was infected 

with bacterial rot disease with a similarity value of 100%. 
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 The development of 5G technology is expected to result in high data rate 

communication, low power consumption, and larger network capacity. 

Microstrip antenna is an antenna that can support 5G technology because it 

can work at high frequencies but has the disadvantage of producing a small 

gain and narrow bandwidth. The use of array and MIMO methods can 

increase the gain value. The addition of the U slot method aims to increase 

bandwidth and can produce multi-frequency. In this study, the antenna was 

designed using an epoxy substrate (FR-4) with a rectangular U-slot patch 

arranged in a 4×2 MIMO array and fabricated. From the simulation results, 

the return loss parameter (S11) is -12.49 dB, (S12) is -88.17 dB, the 

bandwidth is 610 MHz, the gain is 15.70 dB, the envelope correlation 

coefficient is 3.85 × 10-10. and diversity gain of 10 dB. From the 

fabrication results, two working frequencies are obtained, namely at a 

frequency of 3.2 GHz and 3.62 GHz with each return loss value (S11) of -

25.96 dB and -29.22 dB, (S12) of -48.61 dB and -51.78 dB, a bandwidth of 

50 MHz. The independence of each antenna is indicated by the envelope 

correlation coefficient of 6.48 × 10-6 and 1.5 × 10-6, and a diversity gain 

of 10 dB. This antenna can be recommended as a receiving antenna in 5G 

communication systems. 
  

Keywords:   

5G, Array; Microstrip Antenna; MIMO; U 

Slot 

 

 
 
 
 
 

Copyright © 2023. Published by Bangka Belitung University  
All rights reserved 

Corresponding Author: 

Aulia Anindya Dhanyswari 
Department of Electrical Engineering, Faculty of Industrial Technology, Trisakti University, Jl. Kyai Tapa No.1, Jakarta, 11440, Indonesia 

Email: aulia062002004026@std.trisakti.ac.id 

 

1. INTRODUCTION  

5G technology is the next phase of wireless network communication development [1]. One of the 

candidates for the radio frequency range for 5G trials in Indonesia is in the 3.3 – 4.2 GHz (3.5 GHz radio 

frequency band) [2]. The adaptation of the Multiple Input Multiple Output (MIMO) technique into 5G 

technology is used to produce high data rate communication and low power consumption compared to 

4G technology and the radiation pattern can be in several directions. The MIMO technique can take 

advantage of multipath fading depending on the number of antennas it uses [3]. 

One type of antenna that can support 5G technology is the microstrip antenna because it has a small 

size, is easy to store, and can operate at high frequencies, but the microstrip antenna has drawbacks, 

namely small gain, poor directionality, and poor bandwidth efficiency resulting in poor quality and the 

signal reception level is not optimal. The gain value can be increased by the array method, namely by 

arranging several patch microstrip antennas that are connected to the supply line [4]. 

In Research [5], a 2×2 MIMO array microstrip antenna has been designed using the slot method at 

a frequency of 37 GHz for 5G with return loss ≤ 10 dB, VSWR ≤ 2, gain 18.7 dBi and bandwidth 2.12 

GHz. However, in this study the frequency used was different from the radio frequency band for testing 

in the range of 3.3 – 4.2 GHz. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://journal.ubb.ac.id/index.php/ecotipe


  

  

Volume 10, Issue 1, April 2023, pp. 32-41 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3601 

33 

 

 

 

Design of Dual-Band Microstrip Linear Array MIMO Antenna… (Aulia Anindya Dhanyswari, et al)  

In Research [6], the design of a 4x2 planar microstrip antenna array at a center frequency of 3.55 

GHz with a return loss of -20.8 dB, VSWR 1.2, a bandwidth of 123.3 MHz, and gain of 10.4 dB was 

carried out. However, in this study, the antenna arrangement has not been arranged in MIMO. 

Furthermore, in research [7], a rectangular array microstrip MIMO antenna has been designed with a 

2x2 u slot at a frequency of 3.5 GHz for 5G with a bandwidth value of 188 MHz, minimum return loss 

-23.65 dB, gain 8.528 dB and mutual coupling -63.16 dB. However, in this study, the working frequency 

of the antenna still operates at one working frequency. 

In research [8], the design and realization of a dual-band microstrip antenna using a u-shaped slot 

has been carried out to produce frequencies of 2.4 GHz and 3.6 GHz, each having VSWR values of 1.56 

and 1.33, a bandwidth of 124 MHz and 125 MHz with unidirectional radiation pattern. However, in this 

study, the antenna only had one patch and was not applied to 5G. 

 Based on previous research that has been carried out, this study uses a frequency of 3.5 GHz 

referring to [6, 7], adopting a linear MIMO array form in [5] and replacing the center load of the patch 

using a U slot like [7, 8], as well as developing research [7] become MIMO 4×2. The purpose of adding 

the U slot is to increase the reflection coefficient while the array method is used to increase the gain. 

Furthermore, the U-slot and array method also serves to generate double frequencies [8]. 

 

2. RESEARCH METHOD 

In the antenna design process, starting from determining the desired antenna working frequency, 

which is 3.5 GHz, determining the substrate to be used, namely epoxy FR-4 with a dielectric constant 

value of 4.3, a thickness of 1.6 mm and a loss tangent of 0.0265, the selection FR-4 epoxy substrate 

material aims to improve antenna performance. 
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Figure 1. Design Flowchart 

Figure 1 shows the antenna design process. Before the simulation process is carried out, first 

determine the dimensions of the antenna, namely patch dimensions, enclosure dimensions, and supply 

line dimensions. Next, perform a simulation of the antenna that has been designed using the software. 

In the simulation process it is possible to optimize several parameters by adjusting the dimensions of 

the antenna until it reaches the specified limit, namely return loss ≤ -10 dB, bandwidth ≥ 200 MHz, 

VSWR ≤ 2, gain ≥ 5 dB, directional radiation pattern, isolation loss ≤ -20 dB, envelope correlation 

coefficient ≤ 0.5 and diversity gain 10 [7]. From the simulation results that have been optimized, the 
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antenna fabrication process can then be carried out. Fabrication is carried out to analyze whether the 

design is following the desired. After being fabricated, the antenna will be measured, analyzed, and 

compared with the simulation results. This analysis process is carried out to see the performance of the 

proposed antenna and its feasibility to be applied to 5G communication systems. 

Antenna design begins with calculating the dimensions of a single-element antenna. Figure 2 shows 

the shape of the single-element design and the dimensions of the antenna can be calculated using 

equations (1) to (7) [9, 10]. 

𝑊 =  
𝑐

2𝑓
√

ε𝑟 + 1

2
 (1) 

W/h > 1 (2) 

ε𝑟𝑒𝑓𝑓 =
ε𝑟 + 1

2
+

ε𝑟 − 1

2
 (1 +

12ℎ

𝑤
)

−
1
2

  

L𝑒𝑓𝑓 =  
𝑐

2𝑓√ε𝑟𝑒𝑓𝑓

 (3) 

ΔL =  0.412ℎ (
ε𝑟𝑒𝑓𝑓 + 0.3

ε𝑟𝑒𝑓𝑓 + 0.258
) (

𝑊
ℎ

+ 0.264

𝑊
ℎ

+ 0.8
) (4) 

𝐿 = L𝑒𝑓𝑓 − 2ΔL (5) 

𝑊𝑔 = 6ℎ + 𝑊 (6) 

𝐿𝑔 = 6ℎ + 𝐿 (7) 

 

W is antenna patch width in mm, εreff is effective dielectric constant, Leff is the effective length of 

patch antenna in mm, Δ𝐿 is patch length increase in mm, h is substrate thickness in mm, f is a frequency 

in Hz, Wg is enclosure width in mm, Lg is enclosure length mm, and L is antenna patch length in mm. 

 
 (a) (b) 

Figure 2. Single Element Antenna Design; (a) Front View, (b) Back View 

To get a higher bandwidth value, it is necessary to add a method to the antenna, namely the U slot 

method. Figure 3 shows the shape of the antenna design by adding a U-slot and the dimensions of the 

U-slot, it can be calculated using equations (8) to (13) [11, 12]. 

F = E =
λ

60
 

(8) 

𝐶 = 0.3 × 𝑊 (9) 

D =
𝑐

𝑓𝑙𝑜𝑤√ε𝑟𝑒𝑓𝑓

− 2(𝐿 + ΔL − F) (10) 

ε𝑟𝑒𝑓𝑓(𝑝𝑝) =
ε𝑟 + 1

2
+

ε𝑟 − 1

2
 (1 + 12

ℎ

𝐷 − 2𝐹
)

−
1
2

 

 

(11) 

2𝚫𝐿−𝐸−𝐻 =
(ε𝑟𝑒𝑓𝑓(𝑝𝑝) + 0,3) (

𝐷 − 2𝐹
ℎ

+ 0,264)

(ε𝑟𝑒𝑓𝑓(𝑝𝑝) − 0,258) (
𝐷 − 2𝐹

ℎ
+ 0,8)

 

(12) 

𝐻 ≈ 𝐿 − 𝐸 + 2𝚫𝐿−𝐸−𝐻 −
1

√ε𝑟𝑒𝑓𝑓(𝑝𝑝)
(

𝐶0

𝑓ℎ𝑖𝑔ℎ
− (2𝐶 + 𝐷)) 

(13) 
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F/E is slot sleeve width in mm, C is vertical slot length in mm, D is horizontal slot length in mm, 

and H is slot distance from the base in mm. 

 
 (a) (b) (c) 

Figure 3. Single Element Antenna Design with U Slot; (a) Front View, (b) Back View ; (c) U slots 

To increase the gain value, an antenna array technique can be used. The calculation of the array 

required calculations for the width of the feeder 50 Ω, 70,7 Ω, 100 Ω using equations (14) to (15) and 

the calculation of the distance between the radiating elements (patches) contained in equation (16) [4]. 

𝑊𝑓 =
2ℎ

π
{𝐵 − 1 − ln(2𝐵 − 1) +

εr − 1

2εr
[ln(𝐵 − 1) + 0,39 −

0,61

εr
]} (14) 

𝐵 =
60π2

𝑍0√εr
 (15) 

𝑑 =
λ

2
=

𝑐

2𝑓
 (16) 

Wf is feed channel width in mm, B is microstrip feed line constant, εr is dielectric constant, and d 

is the distance between patch elements in mm. 

 
 (a) (b) 

Figure 4. 2×2 U Slot Array Design; (a) Front View, (b) Back View 

 

 
 (a) (b) 

Figure 5. Design of 4×2 U Slot MIMO Array Antenna; (a) Front View, (b) Back View 

Based on the equations and the appropriate parameters the have been obtained, a 2×2 microstrip 

array antenna with the U slot method can be designed as shown in Figure 4, and to increase the 

bandwidth value and obtain a directional radiation pattern, the MIMO technique can be used. Figure 5 

shows the design of the MIMO 4×2 Slot U, Array Antenna. Table 1 shows the dimensions of the 

designed antenna array and MIMO. 
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Table 1. Dimensions of Array Antenna 2×2 U Slot 

Parameter Description Dimension (mm) 

W Patch width 26 

L Patch length 20.5 

Wg Groundplane width 250 

Lg Groundplane length 120 

Wf Width of power supply line 50 Ω 2.1 

Lf Length of power supply line 50 Ω 28 

D Slot length 5.1 

C Slot width 4.8 

E/F Slot thickness 0.9 

H Slot distance from base 3.5 

d Distance between elements 43 

Wf70,7Ω Width of power supply line 70,7 Ω 1.1 

Lf70,7Ω Length of of power supply line 70,7 Ω 28 

Wf100Ω Width of power supply line 100 Ω 1 

Lf100Ω Length of of power supply line 100 Ω 28 

 

3. RESULTS AND DISCUSSION 

3.1. Simulation Results 

The antenna design process is simulated using AWR Microwave Office 2009 software to see the 

results of the antenna parameters that have been designed. The comparison of return loss and bandwidth 

can be seen in Figure 6. 

 
Figure 6. Comparison of Return Loss Simulation of Each Antenna 

Figure 6 shows the comparison of the return loss and bandwidth of each antenna. It can be seen that 

the 4×2 slot U MIMO array antenna has a return loss value of -12.49 dB, a decrease compared to a 

single-element antenna. This decrease in return loss is due to the addition of patch elements, array 

methods, and MIMO so that power absorption is also better. For comparison of VSWR, results can be 

seen in Figure 7. 

  
Figure 7. Comparison of the Overall Simulation VSWR of the Antenna 
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Figure 7 shows the comparison of the VSWR values for each antenna. It can be seen that the MIMO 

4×2 slot U antenna array has a VSWR value of 1.62, a decrease compared to a single-element antenna. 

The decrease in VSWR is due to the addition of patch elements, array methods, and MIMO so that 

power absorption is also better. 

 

Figure 8. Comparison of Overall Antenna Simulation Gain 

 
Figure 9. Comparison of Overall Antenna Simulation Radiation Patterns 

Figure 8 shows the comparison of the overall gain value of the antenna. It can be seen that the 

overall gain value of the antenna increases and the MIMO 4×2 slot U antenna array has the highest gain 

value of 15.70 dB. Figure 9 shows the overall radiation pattern of the antenna. It can be seen that the 

antenna with a single element has a unidirectional radiation pattern and the addition of a patch using the 

array and MIMO method can produce a directional radiation pattern in which the beam becomes 

narrower. Figure 10 shows the overall impedance comparison of the antenna. 

 
(a)    (b) 
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(c)    (d) 

Figure 10. Simulation Impedance Comparison of All Antennas; (a) Single Element Antenna, (b) Single Element 

U Slot Antenna, (c) 2×2 Array U Slot Antenna, (d) 4×2 MIMO Array U Slot Antenna 

Figure 10 shows the overall impedance ratio of the antenna. The comparison value of the overall 

antenna parameters can be seen more clearly in Table 2. 

Table 2. Comparison of Overall Antenna Simulation Parameters 

Antenna 

Parameter 

Return 

loss 

(dB) 

Bandwidth 

(MHz) 
VSWR 

Gain 

(dB) 
Impedance 

Radiation 

Pattern 

Single Element -12,15 155 1,65 5,82 67,5 + j 23,5 Ω Unidirectional 

Single Element 

U Slot 
-14,48 235 1,68 5,48 52 - j 19,5 Ω Unidirectional 

2×2 Array 

U Slot 
-12,50 

3765 - 3155 

= 610 
1,62 12,75 31,75 + j 7,5 Ω Directional 

4×2 MIMO 

Array U Slot 
-12,49 

3765 - 3155 

= 610 
1,62 15,70 30,05 + j 2,5 Ω Directional 

 

From Table 2 it can be seen that the overall results of the antenna simulation parameters that have 

been designed have met the criteria, namely return loss ≤ -10 dB, bandwidth ≥ 200 MHz and VSWR ≤ 2. 

 

Figure 11. Envelope Correlation Coefficient (ECC) and Diversity Gain (DG) Simulation 4×2 MIMO Array U 

Slot Antenna 

Figure 11 illustrates the value of the envelope correlation coefficient (ECC) and the diversity gain 

(DG) of the simulation results. It can be seen that the ECC value obtained is 3,85 × 10-10 and the DG is 

10 dB at a frequency of 3.5 GHz. From these two results, it can be stated that the antenna design has 

met the required ECC and DG limit values for MIMO antennas, namely the value of ECC ˂ 0.5 and DG 

≥ 10 dB. 

After the results of the antenna simulation parameters match the desired criteria, the next step for 

the antenna can be the fabrication process. 
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3.2. Antenna Fabrication Measurement Results 

After obtaining the simulation and optimization results that match the criteria, then the fabrication 

process can be carried out and measurements of the antenna parameters of the fabricated results can be 

carried out. Fabrication is the process of realizing the simulation model into the original form of the 

antenna. The results of antenna fabrication will be measured using a Network Analyzer. In Figure 12, 

can be seen fabrication results of the 4×2 MIMO Array U Slot Antenna. 

 
Figure 12. Fabrication Results of 4×2 MIMO Array U Slot Antenna 

Measurement of the fabricated antenna obtained the parameters of return loss, bandwidth, VSWR, 

and impedance shown in Figure 13. 

  

 (a) (b) 

 

 (c) (d) 

Figure 13. Parameters of 4×2 MIMO Array U Slot Antenna Fabrication; (a) Return loss, (b) VSWR, (c) 

Impedance, (d) Envelope Correlation Coefficient (ECC) and Diversity Gain (DG) 

Figures 13 shows the results of measuring return loss, bandwidth, VSWR, impedance, envelope 

correlation coefficient (ECC), and diversity gain (DG) from 4×2 MIMO Array U Slot Antenna 

Fabrication. The results of the measurement of the return loss parameter (S11) of -6.03 dB, (S12) -42.78 

dB, VSWR of 2.99, ECC of 0.12, and DG of 9.92 dB at a frequency of 3.5 GHz. Based on the 

measurement results of antenna fabrication, the parameters obtained at a frequency of 3.5 GHz do not 

match the desired criteria. This is caused by several factors including losses in connectors, soldering 

results, or poor dissolving of the antenna. However, it can be seen in Figures 12 to 15 that 2 valley points 
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meet the desired antenna criteria, namely at a frequency of 3.26 GHz and 3.62 GHz. The results of the 

antenna parameters at the frequency of 3.26 GHz and 3.62 GHz will be described in Table 3. 

Table 3. Measurement Results of 4×2 MIMO Array U Slot Antenna Fabrication at 3.26 GHz and 3.62 GHz 

Parameter 
Frequency 

3,26 GHz 3,62 GHz 

Return loss (S11) -25,96 dB -29,22 dB 

Return loss (S12) -50,90 dB -51,78 dB 

Bandwidth  50 MHz 50 MHz 

VSWR  1,10 1,06 

Impedance 49,00 – j0,48 Ω 47,09 – j0,86 Ω 

ECC 6,48 × 10-6 1,45 × 10-6 

DG 10 dB 10 dB 

 

Table 3 shows the measurement of 4×2 MIMO Array U slot antenna fabrication at a frequency of 

3.26 GHz and 3.62 GHz. It can be seen that 3.62 GHz frequency is the frequency that has the lowest 

value for return loss (S11) of -29.22 dB, (S12) -51.78 dB, VSWR of 1.06, an impedance of 47.09 - j 

0.86 Ω, ECC of 1.45 × 10-6 and DG of 10 dB. 

3.3. Analysis and Comparison of Antenna Parameters 

Research [7] with a 2×2 MIMO array U slot antenna with a frequency of 3.5 GHz obtained the 

lowest return loss value (S11) -21.98 dB, (S12) -63.16 dB, Bandwidth 188 MHz, VSWR ≤ 2, ECC of 

3.97 × 10-7 and a DG of 10 dB. Based on research simulation data using a 4×2 MIMO array U slot 

antenna, it shows an increase in the bandwidth value of 422 MHz and a return loss value of -25.01 dB 

when compared to the research results [7]. The increase in bandwidth and return loss is due to the 

addition of patch elements to the antenna so that power absorption is also better. 

A Comparison of the results of simulation and fabrication studies of the 4×2 MIMO array U slot 

antenna shows slightly different results. The return loss value generated by the antenna fabrication is 

higher than the simulation results which causes the parameter value at a frequency of 3.5 GHz not to 

meet the antenna specifications. This is caused by several factors including losses in connectors, 

soldering results, or poor dissolving of the antenna. However, it can be seen at a frequency of 3.62 GHz 

that the antenna parameter values meet the criteria for return loss ≤ -10 dB, VSWR ≤ 2, gain ≥ 5 dB, 

directional radiation pattern, isolation loss ≤ -20 dB, envelope correlation coefficient ≤ 0.5 and diversity 

gain 10 dB.  

A complete comparison of previous studies, simulation results, and fabrication studies of the 4×2 

MIMO array U slot antenna is shown in Table 4. 

Table 4. Comparison of Simulation Result Parameters and Antenna Fabrication 

Parameter 
2×2 MIMO 

Array Slot U [7] 
Simulation Fabrication 

Frequency 3.5 GHz 3.5 GHz 3.5 GHz 3.62 GHz 

Return loss (S11) -21.98 dB -12.49 dB -6.03 dB -29.22 dB 

Return loss (S12) -63.16 dB -88.17 dB -42.78 dB -51.78 dB 

Bandwidth  188 MHz 610 MHz - 50 MHz 

VSWR  ≤ 2 1.62 1,10 1.06 

Impedance - 31 + j 2.5 Ω - 47,09 – j0,86 Ω 

ECC 3.97 × 10-7 3.85 × 10-10 0.12 1.45 × 10-6 

DG 10 dB 10 dB 9.92 dB 10 dB 

 

4. CONCLUSION 

Based on the simulation, fabrication, and analysis results in this final project, it can be concluded 

that the design and simulation of the MIMO linear microstrip antenna array at a frequency of 3.5 GHz 

for 5G technology have successfully met the desired specifications for 5G technology with a return loss 

of -12.49 dB, a bandwidth of 610 MHz, VSWR of 1.62, a gain of 15.70 dB, an envelope correlation 

coefficient of 3.85 × 10-10 and diversity gain of 10 dB at a frequency of 3.5 GHz. Giving slots and 

increasing the number of patches has the effect of forming two resonant frequencies and forming a 
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directional radiation pattern. From the results of the fabrication of the MIMO linear array antenna with 

a U slot at a frequency of 3.5 GHz, it has not met the desired specifications with a return loss of -6.03 

dB and a VSWR of 2.99. However, two working frequencies meet the desired specifications for 5G 

technology, namely at frequencies of 3.2 GHz and 3.62 GHz with each return loss value (S11) of -25.96 

dB and -29.22 dB, (S12) of -48.61 dB and -51.78 dB, a bandwidth of 50 MHz. The independence of 

each antenna is indicated by the envelope correlation coefficient of 6.48 × 10-6 and 1.5 × 10-6, and a 

diversity gain of 10 dB. 
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When designing a ZigBee-based wireless sensor network, choosing the 

right network topology is important, especially in networks with multiple 

nodes. Choosing the wrong topology will have an impact on the 

performance of the wireless sensor network as a whole because it will cause 

a large delay value. This research has the main objective to find the right 

type of topology that can be applied to densely populated residential areas 

with a large number of houses and a large area of land. This research will 

provide benefits for housing developers who want to implement a ZigBee-

based wireless sensor network for various purposes in each unit in their 

residential area, such as recording electricity and water usage, security 

systems, and so on. This research will use three types of ZigBee topologies, 

namely star, tree, and mesh topologies. The housing used for the simulation 

in this study is Citraland Waterfront City Housing located in Palu City, 

Central Sulawesi Province, Indonesia. By using simulation-based 

calculations using the Opnet Modeler 14.5 application, it is known that the 

star topology on the ZigBee network is suitable for application to 

residential areas with a large number of nodes and areas. This can be seen 

from the highest throughput and media access delay, end-to-end delay, 

number of hops, and the lowest packet drop value compared to the tree and 

mesh topologies.  
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1. INTRODUCTION  

The application of wireless sensor networks, especially in residential areas, is currently 

experiencing rapid development, along with the increasing number of home features offered by 

developers. One of the smart home features owned by several housing estates which are starting to be 

implemented at this time, among others, is the electronic recording of electricity and water consumption. 

So far, the recording of the use of electricity and water is carried out by authorized officers. This is of 

course a waste of human resources amid very high demands for efficiency. Microcontroller-based 

electronic recording supported by wireless sensor networks can be recorded online. One type of device 

that is often used in wireless sensor networks is ZigBee. With ZigBee, all data belonging to the 

microcontroller can be sent directly to the server. 

ZigBee is an IEEE 802.15.4 standard for data transmission between commercial and consumer 

electronic devices [1,2,3]. ZigBee is made to operate on low-level personal networks and consumes less 

power [4,5]. Devices with ZigBee technology are frequently used as wireless sensors or to control other 

devices [6,7]. A feature of ZigBee allows it to control both its network and the flow of data on the 

network [8,9]. ZigBee also has the benefit of requiring little power, making it suitable for use as a 

wireless control system that only needs to be installed once [10,11,12]. ZigBee has the advantage of 
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very low power consumption and if it is not operating, then ZigBee will always be in sleep mode and 

has a maximum data rate of 250 Kbps [13,14]. With these advantages, ZigBee is suitable to be placed 

in applications that require devices with low power consumption [15]. Compared to other WPANs like 

Bluetooth, which has a transmission rate of 1 Mbps, ZigBee has a transfer rate of roughly 250 Kbps 

[16]. The operating range or distance of ZigBee is around 76 m, which is greater than Bluetooth. Like a 

LAN network, ZigBee also has a network topology which is the concept of the ZigBee network 

infrastructure. Based on the IEEE 802.15.4 standard, ZigBee has three network topologies, namely Star, 

Mesh, and Tree. [17].  

Numerous research has been conducted about the topology of the ZigBee network. Hamdy [18] has 

assessed how the ZigBee topology affects throughput and end-to-end latency when used in the IoT 

space. The result obtained from the tree topology can produce the greatest results at a frequency of 2.4 

GHz, while the star topology can produce the best results at frequencies of 915 and 868 MHz, according 

to testing including the star, mesh, and tree topologies. Opnet Modeler 14.5 was also used for this test's 

execution. Other studies have also been carried out by Söğüt [19] by comparing the performance of star, 

mesh, and tree topologies. Through the simulations carried out, it can be seen that by considering a large 

number of hob values, the star topology can provide the best end-to-end delay results. Research related 

to other ZigBee network topologies was also carried out by Ibrahim [10]. Through his research, he 

examines the effect of response time on the three types of ZigBee topologies. The results of his research 

show that the mesh topology can provide better throughput and latency values compared to the star and 

tree topologies.  

Based on previous research, a simulation of the ZigBee network is carried out in this study by 

spreading out the number of nodes over a greater area that includes residential areas. This is done to 

determine which topology is appropriate for use given the location and node count. The findings of this 

study can be used as a guide for developers to choose the best wireless sensor network topology for use 

in residential areas with a lot of densely populated homes and a variety of purposes. Citraland Waterfront 

City Housing, a middle- to upper-class housing model situated in Palu City, Central Sulawesi Province, 

Indonesia, was selected as the housing model. This residential area was chosen as a reference not only 

because the housing design is characterized by today's housing, it is also supported by the number of 

units and a very large area. 

 

2. RESEARCH METHOD  

2.1. Site Survey 

The first step in this research is a site survey. This survey was conducted to determine the area of 

housing, the location of each house, and the number of units in it. The design and simulation of the 

wireless sensor network in this paper take the design of the existing residential area model at Citraland 

Waterfront City Housing in Palu City, Central Sulawesi Province, Indonesia. Citraland Waterfront City 

housing consists of several blocks of houses, shops, and public areas. Overall Citraland Waterfront City 

Housing has a total of 160 shop units and 352 housing units. The design of Citraland Waterfront City 

Residential can be seen in Figure 2. 

The design of the ZigBee network topology will focus on residential areas located in blocks B6, 

B5, B3, B7, and A1. Each house will have one end device unit and in this model, it is assumed that each 

end device is placed in the front yard of each house and every house in Citraland Waterfront City is next 

to each other. The total simulated houses are 113 units. 
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Figure 1. Citraland Waterfront City Residential Master Plan 

2.2. Topology Design 

The second stage of this research is topological design. After the site survey and house mapping 

have been completed, the next step is to design the topology used. In this study, a comparison of three 

types of topology owned by ZigBee was carried out, namely star, mesh, and tree. Topology design will 

refer to the three types of topology. 

2.2.1. ZigBee Component 

ZigBee is made up of three major components: the ZigBee Coordinator, the ZigBee End Device, 

and the ZigBee Router [8]. The ZigBee coordinator coordinates overall network actions and is in charge 

of network bootstrapping [18]. The ZigBee routers create a network among themselves to exchange 

packets [6]. The ZigBee end device is in charge of requesting any outstanding messages from its parent 

[16]. If an end device moves, it must notify the network that it has rejoined a new parent. 

2.2.2. Star Topology 

The first topology is the star topology. The star topology is made up of a coordinator and a few end 

devices. It is the most basic and limited ZigBee protocol. All devices are linked to a single coordinator 

node, through which all communication is routed. The star topology is significant because it is defined 

by the underlying 802.15.4 specification on which ZigBee is based [9]. The disadvantage of this 

architecture is that there is no alternative path from the source to the end devices, which may be a 

hindrance. 

Based on the star topology concept, a star topology design was developed and used for the Citraland 

Waterfront City Residential area, as shown in Figure 2. It can be seen in Figure 2, that in the star topology 

model, each house block will have one coordinate unit. This coordinator will control every ZigBee 

device that acts as an End Device in every resident's house. Each coordinator will have a different PAN 

ID (Personal Area Network Identifier). So that all existing end devices will only connect to the 

coordinator with the same PAN ID. This is done to minimize delay and the possibility of collisions in 

the network caused by the number of nodes in it. 
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Figure 2. Design of star topology 

2.2.3. Tree Topology 

Tree topology is the second type of ZigBee topology. It is made up of a coordinator, a few routers, 

and end devices that work together to form a central node or root tree. Routers extend network coverage. 

Children are end nodes that are linked to the parent (coordinators or routers) [6]. Only the end devices 

have access to the parent. The disadvantage of the tree topology is that if one parent is disabled, the 

disabled parent's children cannot connect with other devices in the network, even if they are close to one 

another [9]. Figure 3 depicts a tree topology design for the Citraland Waterfront City Residential area 

based on the tree topology concept. 

 

Figure 3. Design of tree topology 

The tree topology applied to this housing model uses two routers and one coordinator for each 

house block. Each end device in each home will be connected to both routers, and both routers will be 

connected to a coordinator who will control the network as a whole. As in the star topology, each 

coordinator in each block will have a different PAN ID so that the end devices and routers in each house 

will only be connected to the coordinator who has the same PAN ID as theirs. 

2.2.4. Mesh topology 

The third and final topology is peer-to-peer or mesh topology. This topology is made up of a 

coordinator, a few routers, and an end device [3]. The coverage area can be expanded by adding new 

devices to the network. If one of the paths fails during transmission, the node will find another path to 
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the destination, reducing dead zones [9]. Users can easily add or delete devices when using this mesh 

topology because they can connect to any target device in the network [6]. Figure 4 depicts a mesh 

topology design based on the mesh topology concept for the Citraland Waterfront City Residential area. 

 

Figure 4. Design of mesh topology 

The components used in the mesh topology are the same as those used in the tree topology, 

involving two routers and one router. The difference between the two lies only in the connecting path 

between the two routers and the topology configuration of the unit that acts as a coordinator. 

2.3. Topology Simulation 

The next stage is simulation. The simulation is carried out to determine the performance of the three 

ZigBee network topology designs. This simulation also aims to collect data based on the specified 

parameters to find out which topological design is appropriate to be applied to residential areas. 

The design along with the ZigBee-based wireless sensor network topology simulation in this study 

uses the Opnet Modeler 14.5 application. This application itself is widely used by students and 

researchers who focus on research related to communication between devices and telecommunication 

networks, computer networks, and wireless sensor networks [20]. 

2.4. Evaluation 

The last stage is evaluation. Evaluation is carried out by looking at all the results of parameter 

measurements that have been carried out through a simulation process which will then be analyzed to 

find out the causes and determine what type of topology is suitable for use as a ZigBee network topology 

in residential areas. 
 

3. RESULTS AND DISCUSSION  

The three topology designs were simulated using the Opnet Modeler 14.5 application. Parameter 

settings in Opnet can be seen in Table 1: 

Table 1. Simulation parameter. 

Parameter Value 

Area size 1000 m x 1000 m 

Destination Parent 

Packet size Constant (200 bytes) 

Frequency 2.4 GHz 

Start time Uniform (20,21) 

Simulation time 1 Hour 

Number of units 113 
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Testing is done by looking at parameters: throughput, media access delay, end-to-end delay, hop 

number, and packet dropped. The results of the tests carried out on the three topological designs can be 

seen as follows. 

3.1. Throughput 

Throughput is the total number of bits (in bits/sec) forwarded from the 802.15.4 MAC to higher 

layers in all network WPAN nodes. The simulation results are shown in Figure 5. 

 
Figure 5. Throughput from the three topologies 

The throughput measurement results show that the star topology can pass more data within a certain 

period compared to the tree and mesh topologies. It can be seen from the graph that the star topology 

has a throughput value of 26000 kbps, far superior to the tree and mesh topologies. This is because the 

star topology has a simpler design so that data can be passed more easily and quickly. 

3.2. Media Access Delay 

The sum of the contention and queuing delays for all 802.15.4 MACs is known as the media access 

delay. This delay is determined for each frame as the amount of time that passes between the time the 

frame is added to the transmission queue, which is the arrival time for higher layer data packets and the 

creation time for all other frame types, and the time the frame is sent to the physical layer for the first 

time. The media access delay value obtained from the three topologies can be seen in Figure 6. 

 
Figure 6. Media access delay parameter of the three topologies 
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From the results of the tests carried out, the design with a star topology still provides advantages 

compared to a tree with a mesh where the star topology has the smallest media access delay value. 

3.3. End-to-End Delay 

The end-to-end delay depicts the total amount of delay experienced when sending data from the 

sender to the recipient. Figure 7 displays the end-to-end delay measurement results for the three topology 

designs. 

From the simulation results carried out on the three topologies designs, it can be seen that the star 

topology can provide better performance than the tree and mesh. This can be seen from the end-to-end 

delay value of the star topology which is much lower than the tree and mesh topology. 

 
Figure 7. End-to-end delay parameters from the three topologies 

3.4. Hop Number 

The hop number refers to the number of intermediate devices that data must pass through for 

transmission from the source node to the destination node to be successful. Figure 8 depicts the hop 

number measurement results for the three topology designs. The simulation results show that the star 

topology has the fewest hops when compared to the mesh and tree topologies. 

 
Figure 8. Hop number parameter from the three topologies 
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Figure 9. Packet dropped parameter from the three topologies 

3.5. Packet Dropped 

Packets dropped to show the number of data packets lost during the data transmission process. 

Based on the simulations performed, the star topology appears to have the smallest packet drop value 

compared to the mesh and tree topologies. The values in the tree and mesh topologies have the same 

packet dropped values. The values of packet dropped from the three topologies can be seen in Figure 9. 

3.6. Result Evaluation 

Through the results of all parameter simulations, it can be seen that a network with a star topology 

has its advantages when compared to a network with a tree or mesh topology. This can be caused because 

the star topology has simpler components when compared to the tree and mesh topologies, where the 

star topology does not use routers. Just like on a LAN network, routers on a ZigBee network also work 

by using a routing table. The router works to receive each data packet it receives and matches the 

information in it with its routing table. On a network with a small number of nodes, the resulting delay 

is not large, but the delay value will increase as the number of nodes in the network increases [21]. It 

can also be seen from the hop number parameter that data packets in the mesh and tree topologies must 

pass through more nodes to reach their destination compared to the star topology. This will further 

increase the existing delay, thereby reducing the overall network capacity. Phenomena like this can also 

be seen in the research conducted by Hamdy [18] and Ibrahim [10] where when the number of nodes 

and the area used is relatively small, the tree and mesh topologies can provide better results. However, 

for large-scale networks with a large number of nodes, star topology can provide better results, as in the 

research conducted by Söğüt [19]. 

 

4. CONCLUSION  

The purpose of this study is to find the best type of ZigBee network topology that is suitable for 

use in residential areas. From the calculation results obtained through the simulation process, by looking 

at parameters such as throughput, media access delay, end-to-end delay, hop number, and packet 

dropped, it can be concluded that the ZigBee network with a star topology is suitable for residential 

areas. This is possible because the component design is simpler so that it minimizes the possibility of 

large latencies that impact network performance. However, it is known that the star topology has a 

drawback where because all the communication that runs is centered on the coordinator device, this 

topology will be prone to interference if the coordinator has problems and does not have a backup line. 

Further research is needed to enable the star topology to have a backup path like that of the mesh and 

tree topologies.  
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 This paper discusses the control mass-spring-dumper (MSD) system used 

in vehicle suspensions. The vehicle suspension consists of mass, coil 

(spring), and shock absorber (dumper). MSD provided a shock effect when 

the vehicle was caused by the frictional force on the load. The difficulty to 

achieve the stability of the suspension and the following of set-point 

tracking. Therefore, Therefore, the proportional-integral-derivative (PID) 

controller, tuning 1 and 2 degrees of freedom (1-2 DOF), and tuning trade-

off PID controller were proposed for stability when the disturbance occurs. 

The MSD equation was obtained by using the Laplace transform and 

validated in Matlab Simulink. The result shows that the tuning trade-off 

PID control reduces disturbance rejection by the smaller set point tracking 

peak amplitude of 1.01, overshoot of 0.682%, and settling time of 0.318 

seconds. The PID controller achieved set point tracking and disturbance 

rejection with a peak amplitude of 1.52, overshoot of 51.7%, and settling 

time of 2.23 seconds, and the tuning 1-2 DOF PID controller achieved set 

point tracking and disturbance rejection with a peak amplitude of 1.07, 

overshoot 6.53%, settling time 0.524 seconds. The tuning trade-off PID 

control has the best performance than tuning 1-2 DOF PID and PID 

controller. 
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1. INTRODUCTION  

Mass-spring-damper (MSD) suspension systems are used in automobiles and motorcycles [1]. The 

system consists of mass, coil (spring), and shock absorber (dumper). MSD creates a shock effect caused 

by friction between the wheels and the load [2]. The vehicle load is used as a support for the suspension 

of the steering system [3], wheels, and chassis [4]. Important components that must be considered in the 

suspension such as transmission force, torque, comfort, and stability [5]. The Suspension has three 

classifications such as passive, semi-active, and active systems [6]. A Semi-active system has the 

characteristics of stability, balance [7], and low energy consumption [8]. The passive system limits the 

movement of the car body and wheels at speed for a comfortable ride [9]. The active system consists of 

actuators, mechanical springs, dampers, actuators, and mechanical springs [10]. The difference between 

active and passive systems is the controlling force. The controlling force reduces the vibrations that are 

affected by the entire surface of the vehicle and produce more comfort for the occupant than a driver is 

comfortable [11]. The comfort of the steering system and road estimation is a concern for controlling 
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the suspension system. The greater the suspension system is disturbed, the MSD will experience 

vibrations felt by the driver and passengers [12].    

The conventional active suspension is mounted in parallel with the spring dumper, hydraulic, and 

actuator to generate vertical force between the sprung (chassis) [13] and unsprung (wheels) [14]. Active 

suspension with variable geometry is proposed to reduce mass unsprung gradually and power demand 

is limited [15]. The adaptive neural scheme is applied to active suspension with vertical mass sprung 

replacement limits and actuator saturation. Then radial basis function neural networks (RBFNNs) are 

used to predict the indeterminate body mass and pneumatic spring. So the prescribed performance 

function (PFF) control is designed for fault tracking from constrained sprung changes [16]. Ride height 

control (RHC) functions for semi-active air suspension and processes air in or out of the spring. RHC 

plays a role in improving vehicle performance. Non-linear predictive model control and proportional-

integral-derivative are used to evaluate the performance of the car system [17]. Car system performance 

is analyzed by fuzzy logic for active suspension systems. The suspension system is reviewed for 

unknown parameters, actuator errors, and displacement limitations. Fault Tolerance Control (FTC) is 

proposed as an estimation control for external disturbances. External disturbances are analyzed using 

fault approximation techniques, and actuator errors. FTC is designed to address the output performance 

of a vehicle's suspension. The proposed control can overcome the problems of fault tolerance and 

tracking errors [18]. Control Electronic Suspension (ESC) is applied to the suspension to improve the 

yaw-roll-pitch motion of the vehicle. The vehicle pitch movement is used as a control for each degree 

of freedom (DOF) movement. The control algorithm consists of an integrated vehicle observer (IVO) 

for condition estimation, an integrated target generator (ITG), an integrated vehicle controller (IVC), 

and an optimal distribution controller (ODC). ITG is used as a target for roll, pitch, and yaw angles. IVC 

detects roll, pitch, and yaw states. The ODC determines the damping force to be applied to each method. 

The results show that the proposed algorithm can improve roll, yaw, and pitch vehicle movements [19]. 

Adaptive control is implemented for active suspension vehicles with nonlinearities (spring, and damper). 

Performance that describes the convergence, maximum overshoot, and steady-state error of the vertical 

and pitch motion control design. Vertical control performance and transient angle changes, and vehicle 

steady-state result in error changes [20].  

The performance of the mass-spring-damper from transient to steady state is influenced by the 

spring force and mass transfer to return slowly when shocks occur. This is caused by inertia and vehicle 

body displacement systems and DOF motion [21]. A single-degree-of-freedom MSD has one mode of 

oscillation, the mass of which is connected by a single spring. But a single mass connected to two parallel 

springs causes oscillations back and forth at high frequencies. Meanwhile, the natural frequency 

experiences more oscillations per second, because a combination of springs arranged in parallel has 

greater stiffness than a single spring. Parallel springs experience the same displacement, but the resulting 

force is not the same. MSD system displacement with DOF in dynamic vehicles [22]. In dynamic 

vehicles, the system response must reach the initial point condition before the disturbance occurs [23], 

[24]. This study designed a mass-spring-dumper control system for vehicle suspension to dampen 

oscillations caused by disturbance. The system is designed with a proportional-integral-derivative (PID) 

control trade-off of 1-DOF and 2-DOF for tracking disturbance rejection. Tracking disturbance using 

PID tuning. 

PID provides reliable control and stability in both linear and non-linear systems. Non-linear systems 

with proportional (Kp), integral (Ki), and derivative (Kd) constants have limitations in obtaining 

parameters that can adjust to changes in load [25]. A tuning control is proposed to control an unstable 

system with a design difference in increased closed-loop response [26].  

The development of PID control is fast, but the control produces delays and disturbances that cannot 

be detected quickly [27]. PID tuning is used to regulate Kp, Ki, and Kd constants in achieving the values 

required by linear loads [28]. The linear PID system provides a tracking reference and reduces 

interference. Meanwhile, an unstable system can affect tracking reference and interference. PID also has 

a large overshoot and settling time [29]. Complex processes such as vehicle suspension require a PID 

tuning control to overcome the oscillatory response [30]. So, the PID controller control scheme, 1-2 

DOF PID, and PID trade-off tuning for setpoint tracking and disturbance rejection are proposed. The 

control scheme is designed to reduce the oscillatory response of the mass-spring-damper under load and 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&


 

  

Volume 10, Issue 1, April 2023, pp. 52-60 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3723 

54 

   

    

 Control Mass-Spring-Damper Based On Tuning Trade-Off … (Adi Mulyadi, et al)  

without interference. System testing was carried out on Matlab software to validate the design and the 

resulting response. 

 

2. RESEARCH METHOD 

In this section, you should explain how the research was conducted, including research design, 

research procedure (in the form of algorithms, Pseudocode or other), how to acquire the data and how 

to perform any test. The description of the course of research should be supported by references, so the 

explanation can be accepted scientifically. 

2.1. PID Controller  

The research method uses proportional-integral-derivative (PID) control. PID control corrects the 

error value between input and output to achieve the response required by the load. If the input and output 

responses are not the same, then the controller will correct them with a feedback system [31]. The PID 

control feedback is tuned to disturbance rejection or fast response with good attenuation to change the 

input set point. Figure 1 describes the P(s), and C(s) process control and transfer functions respectively. 

On the system r (s) set point, u (s) control output, d (s) output signal, d (s) load disturbance, and y (s) 

controlled variable [32] described in formula (1). 

𝑢(𝑠) = 𝑃(𝑠)(𝑟(𝑠) − 𝑦(𝑠))         (1) 

 

Figure 1. PID Controller [32] 

2.2. Tuning 1-DOF dan 2-DOF PID 

The 1-DOF and 2-DOF PID controls are used to set the value of the proportional constant (Kp), 

integral constant (Ki), and derivative constant (Kd) parameters based on variations in the input set point 

in a closed loop system [26]. Changes in the value of the set point parameter will be monitored (tracking) 

by reducing the resulting oscillation response (disturbance rejection). Then, the response results are fed 

back to the u control to find out the error value. The error value is obtained by calculating the difference 

between the reference input and the response output. The calculation of the error value is explained as 

follows [29]. 1-DOF control relates to input set point (r), disturbance (d), plant (Po), and output (y). Set 

point (r) and disturbance (d) have an impact on the error value (u). If (r) and (d) vary in the same way, 

then control (K) can be selected to reduce the small error value. Input (r) and disturbance (d) have 

different properties in the control system to provide tracking and disturbance rejection responses [33]. 

 

Figure 2. Degree of Freedom (DOF) [33] 

The 2-DOF control is explained as input set point (r) on control (K2), error value (u), plant (Po), 

disturbance (d), output (y), and control feedback (K1). The 2-DOF compensator has a trade-off between 

feedback and reference tracking. The feedback control system is ensured with a degree of freedom, 

tracking reference indicated on the control pre-filter. Then the degree of freedom is determined by the 

open loop of the input reference [34]. The conventional control approach uses feedback to regulate the 

desired response. in a linear control system, the use of a reference model will determine the desired 

response from the controlled system [35]. 

𝑢 = 𝐾 [
𝑟
𝑦] = 𝐾2𝑟 − 𝐾1𝑦         (2) 
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2.3. Tunning Trade-Offs PID 

The PID tuning trade-offs are designed to achieve good tracking and fast disturbance rejection at 

the same time. Assuming a constant control bandwidth, disturbance rejection requires a lot of gains 

(amplifier) so that the slope of the crossover can be achieved. If the slope is greater, the response will 

overshoot at the set point. Equation (3) is described as a tuning control where r is the system input, y is 

the actual output, d is the disturbance, e is defined as the error value, and u is the error signal [36]. The 

trade-off PID tuning controller can reduce noise quickly without significantly increasing overshoot in 

set-point tracking. The PID controller trade-off is also useful to reduce the influence of changes in the 

reference signal on the control signal. Figure 2 shows the control architecture with a trade-off PID 

controller [37]. The relationship between the trade-off control output (u) and the two inputs (r and y) 

can be represented in parallel or standard form. The two forms differ in the parameters used to express 

proportional, integral, and derivative actions. The relationship between the trade-off PID control output 

(u) and the two inputs (r and y) can be represented by the following equation [38]. The MSD plant 

system with PID controller tuning control, 1-DOF and 2-DOF PID tuning, and PID trade-off tuning are 

described in Figure 3. The system was designed using PID tuning parameters and compared based on 

tracking and disturbance rejection and frequency to obtain the correct overshoot. small in set point 

tracking and can reduce changes in the reference signal. 

𝑢 = 𝐾𝑝(𝑏𝑟 − 𝑦) +
𝐾𝑖

𝑠
(𝑟 − 𝑦) +

𝐾𝑑𝑠

𝑇𝑓𝑠+1
(𝑐𝑟 − 𝑦)      (3) 

 

Figure 3. MSD Plant Control System 
  

3. RESULTS AND DISCUSSION  

Figure 4 a, b, and c are the MSD (mass-spring-dumper) output responses, where the MSD response 

on a stable road has a rise time of 2.55 seconds and a settling time of 4.48 seconds. The response to 

reach a stable 2.5 seconds requires a rise time and a long settling time. This is influenced by the mass-

spring to return to its original point when a shock occurs. The output starts with zero to 2.5 seconds 

describing the state of the wheel and spring shock absorbers. The MSD is installed between the wheels 

and the vehicle body to reduce shaking and shock. The MSD system is applied to open-loop control. 

When an MSD disturbance occurs, the system does not provide feedback in the form of variables which 

will be processed according to the magnitude of the load and physical characteristics. The sudden 

resistance generated by the response will start to rise and slow down the vehicle according to the 

decrease in the response and inertia of the car. 
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Figure 4. (a) Rise Time, (b) Setling Time, and (c) Steady State Respon Open Loop MSD 

The control system uses feedback control in the comparison of tracking and disturbance rejection 

which is explained in Figures 5 a and b. The control system is designed to reduce interference that will 

occur and will return to the desired tracking setpoint. The tracking error at peak gain is 1.68 abs and the 

frequency is 8.12 rad/s. The maximum loop gain of 3.45 dB with a frequency of 6.25 rad/s. Meanwhile, 

the minimum loop gain occurs at a frequency of 0.00697 rad/s, and a single value of 63 dB. Open-loop 

tracking and gain are used to determine the frequency domain tracking between predetermined inputs 

and outputs. The purpose of the setting will determine the maximum error (error) value of the reference 

input to the tracking error value. 

Figure 5. (a) Tracking and (b) Disturbance Rejection 

Figure 6a and b show a comparison between the response of setpoint tracking using a PID 

controller, 1-2 DOF PID tuning, and PID trade-off tuning. The open loop response with a wide frequency 

is [0, 0, 1] rad/second by adding the value of α. The value of α is the frequency amplifier which is set 

from 1, 2, and 4 to increase disturbance rejection at a certain point. Setpoint Tracking (a) The PID 

controller has a settling time of 1.19 seconds, a 1-2 DOF PID tuning of 1.95 seconds, and a PID trade-

off tuning of 2.23 seconds. Figure (b) describes the PID controller tracking setpoint overshoot, 1-2 DOF 

PID tuning, and PID trade-off tuning. The results of the overshoot setpoint tracking using the PID 

controller have an overshoot of 30.6%, and a peak amplitude of 1.31. Tuning 1-2 DOF PID has an 

overshoot of 43.3%, a peak amplitude of 1.43. While the PID trade-off tuning gets 51.7% overshoot and 

1.52 peak amplitude. The PID controller's settling time response is faster due to the search for Kp, Ki, 

and Kd parameters that can adjust the load requirements when a disturbance occurs. However, the 1-2 

DOF PID tuning and the PID trade-off tuning experienced a delay with the PID parameter search of 
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0.443 seconds, 0.533 seconds, and 0.479 seconds. In addition, the overshoot on the three controls affects 

the MSD to return to its initial state before the disturbance occurs. This indicates that the system is 

unstable to reach a steady state. 

Figure 6. (a) Settling Time and (b) Overshoot Set Point Tracking 

Figure 7 (a) and (b) explain the comparison of the PID controller's disturbance rejection response, 

1-DOF PID and 2-DOF PID tuning, as well as the PID trade-off tuning to increase shock absorption 

when the driver is at high speed and can return to the point start stably in case of trouble on the road. 

The open loop response is affected by changes in the mass-spring dumper load. Disturbance rejection 

Figure (a) PID controller has a setting time of 6.34 seconds, 1-2 DOF PID tuning with a setting time of 

2.1 seconds, and a PID trade-off settling time tuning of 2.13 seconds. Figure (b) PID controller 

disturbance rejection has a peak amplitude of 0.087, an overshoot of 3.132%. Tuning 1-2 DOF PID has 

a peak amplitude of 0.201, overshoot of 1.022%, and tuning trade-off PID has a peak amplitude of 

10.174, overshoot of 0.39%. This is caused by changes in load and search for the values of the tuning 

parameters Kp, Ki, and Kd to obtain parameters that match the load requirements. 

 

Figure 7. (a) Settling Time Disturbance Rejection, (b) Overshoot Disturbance Rejection 

Figure 8 (a) and (b) show a comparison of the PID controller setpoint tracking control, 1-2 DOF 

PID tuning, and PID trade-off tuning. The results of the comparison of the PID controller in figure (a) 

produce a settling time of 2.23 seconds, 0.524 seconds of 1-2DOF PID tuning, and 0.318 seconds of 

PID trade-off tuning. While figure (b) shows a comparison of the results of the three control setpoint 

tracking with a PID controller overshoot of 51.7% and a peak amplitude of 1.52, 1-2DOF PID overshoot 

tuning of 6.53%, and a peak amplitude of 1.07. Meanwhile, the PID trade-off tuning achieves an 

overshoot of 0.682% and a peak amplitude of 1.01. The time to reach a steady state condition at the 

tracking setpoint achieved by the PID trade-off tuning control is faster than the other controls. This 
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proves that the proposed control can reduce disturbance rejection to adjust to changes in mass-spring-

dumper load. 

 
Figure 8. Set Point Tracking 1-DOF, 2-DOF, and Proposed Method 

3.1. PID Value Comparison Table 

The comparison of PID controller tuning parameters is described in Table 1. The comparison of 

PID control parameters, 1-2DOF PID tuning, and PID trade-off tuning with each proportional gain 

control, (K_p) integral gain (K_i), and derivative gain (K_d) can affect the peak amplitude, settling time, 

and overshoot response in the event of a disturbance. The calculation of the parameters PID controller, 1-

2 DOF PID, and tuning trade-off PID is obtained from the equation below. The PID controller parameter 

is Kp + Ki * s + Kd * Tf*s+1 with Kp = 5.67, Ki = 12.2, Kd = 7.21, Tf = 72.1, The 1-2-DOF PID tuning 

parameter is u = Kp (b*r-y) + Ki*s (r-y) + Kd*Tf*s+1(c*r-y) with Kp = 0.0615, Ki = 20.2, Kd = 1.85, 

Tf = 0.106, and the trade-off PID tuning is u = Kp (b*r-y) + Ki*s (r-y) + Kd*Tf*s+1 (c*r-y) with Kp = 

9.18, Ki = 45.5, Kd = 0.969, Tf = 2.14e-05. 

Table 1. The Comparison of PID Controller Tuning Parameters 

PID 
The Controller PID Tuning 

PID Controller 1-DOF dan 2-DOF PID Trade-off PID 

Kp 5.67 0.0615 9.18 

Ki 12.2 20.2 45.5 

Kd 7.21 1.85 0.969 

 
4. CONCLUSION  

MSD (mass-spring-dumper) suspension is used in car or motorcycle vehicle systems. Models of 

vehicle suspension in the form of mass, coil (spring), and shock absorber (dumper). MSD provides a 

shock effect when the vehicle is running which is caused by frictional forces on the load. The response 

must quickly return to a stable point when shocks occur. The MSD equation is obtained by Laplace 

transform, then validated in Matlab Simulink. Three PID controllers, 1-2 DOF PID tuning, and PID 

trade-off tuning are proposed to obtain the set point tracking and disturbance rejection. The simulation 

results show that the PID trade-off tuning control can reduce disturbance rejection to a smaller extent 

with a set point tracking peak amplitude of 1.01, an overshoot of 0.682%, and a setting time of 0.318 

seconds. While the PID controller has a set point tracking and disturbance rejection each larger with a 

peak amplitude of 1.52, overshoot of 51.7%, settling time of 2.23 seconds, and tuning of 1-2 DOF PID 

has a peak amplitude of 1.07, overshoot of 6.53%, settling time of 0.524 seconds. 
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 Institut Teknologi Sumatera (ITERA) is one of the new PTN campuses in 

Indonesia. As a campus that carries the smart-campus motto, ITERA will 

continue to create smart services, including saving electrical energy. One 

of the programs to support a sustainable campus is innovation in electrical 

energy management so that electrical energy efficiency can be maximized. 

The ITERA smart-room product called SMARTERA is one of the campus's 

tangible manifestations to control electrical equipment using Internet-based 

intelligent control of Things (IoT). The initial stage in this research is 

automatic control of the two most widely used electrical equipment in the 

campus environment, namely lights and air conditioning (AC).  
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1. INTRODUCTION 

The rapid development of digital technology has greatly helped people to get limitless services. 

This also happens in universities as a become of science and technology. Smart campus programs must 

be pushed forward so that the campus can become a pioneer in a smart technology-based environment. 

Currently, awareness of the utilization of energy-saving technology has not been widely applied in 

managing energy usage in campus environments in Indonesia [1]. Automation processes to manage 

frequently used electrical equipment are often considered unimportant. If this unawareness is left to 

continue, then the campus as a green energy pioneer can only be a symbol. 

Digital technologies have been an immense boon to the educational realm, with multiple 

applications designed to enhance the teaching and learning experience from preschool to university 

levels [2]. The latest advancements in intelligent control and communication systems have brought about 

a situation where heterogeneous devices can form an integrated network. The integration of short-range 

cellular transceivers into everyday objects has enabled new forms of communication between objects 

and between people and objects. A concept where an object can send data over a network without the 

assistance of a computer device or a human is called the Internet of Things (IoT) [3]. 

Universities provide great opportunities to apply various smart solutions as they are considered to 

have a complex ecosystem. Universities have an openness to do experiments as they have 

multidisciplinary expertise, scientific knowledge, and innovative developments. Moreover, Universities 

are considered small-scale cities for the usage of smart technologies such as smart transportation, smart 
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buildings, smart parking, and so on [4]. 

The application of a smart home or smart room can increase the efficiency of electricity usage due 

to the increased use of electricity networks and the pattern of users or humans in the use of this electricity 

network. The implementation of the smart home concept may involve using technologies such as the 

Internet of Things (IoT) platform, computing, control, visual presentation, and communication [5]. 

The Institute of Technology of Sumatera (ITERA) is a new university with a mission to empower 

the potential in the Sumatera region and Indonesia as well as the world through excellence in education, 

research, and community service in the field of science, technology, art, and humanities. Programs to 

support the campus slogan of a smart, friendly, and forrest campus need to be continuously supported 

to prepare human resources that are ready to compete nationally and internationally. 

Smart Room is a real manifestation of ITERA Institute of Technology's initiative as Smart Green 

Campus. This is aimed at creating sustainable development in the ITERA campus environment. The 

utilization of technology and knowledge built is the automatic control of existing electrical equipment 

in a room within the campus environment based on IoT. This implementation is expected to help 

electricity saving on the campus. 

  

2. RESEARCH METHOD 

In this study, we used applied research where applied research is done with the aim of 

implementing, testing, and evaluating the ability of a theory to be applied in solving practical problems 

[5]. This research method has several stages, which are designing SMARTERA System Architecture, 

creating schematic diagrams, creating flowcharts, implementing the SMARTERA monitoring and 

automation prototype, and testing the system.  

2.1. The ITERA Smart Room Architecture System 

The ITERA Smart Room Architecture (SMARTERA) is a concept in automatic control of the two 

utilities as shown in Figure 1. The working principle of the SMARTERA layout is that the Relay and 

NodeMCU ESP8266 module will be supplied with voltage from the AC/DC power supply so that all 

equipment can work and function. PIR sensor can detect motion, especially coming from the man while 

in range (range) sensor, PIR sensor only responds to energy and passive IR rays possessed by each object 

detected by it [6]. PIR sensors work by capturing heat energy produced from passive infrared rays that 

are possessed by each object with an object temperature above 0 degrees celsius [7]. The PIR sensor 

will send information about the presence or absence of human movement then read by the NodeMCU 

ESP82766 and then send data to the server in TCP / IP format so that it can be displayed on the 

smartphone [8]. 

Likewise, the DHT11/22 sensor will send the temperature/humidity condition to the NodeMCU 

ESP8266 microcontroller. The DHT11 module works on serial communication and is single-wire 

communication. This module sends data in form of a pulse train of the specific period. Before sending 

data to Arduino, it needs some initialization command with a time delay. And the whole process time is 

about 4 ms [9]. Subsequently, the microcontroller will read both conditions and then send the data to the 

server in TCP/IP format so that it can be displayed on the smartphone.  

Then, the microcontroller will read the commands sent to the server using TCP/IP format and then 

change to form a "high" and "low" logic, when the sensor is at a HIGH (1) level, digital data is sent from 

the DHT22 to the MCU, allowing it to process the data for display. Conversely, when the sensor is not 

active at a LOW (0) level, the digital data transmission is stopped and the MCU will not process it. The 

voltage connected to the 3.3V pin is linked to the VDD pin, whilst the GND pin is connected to the 

NodeMCU ESP8266 V3's GND pin. Then, the relay will be commanded to be on when it is of "high" 

logic and vice versa [10]. 
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Figure 1. SMARTERA System Architecture 

2.2. Schematic Diagram 

The circuit design in Figure 2 illustrates the connectivity of the device to process and generate the 

desired output simultaneously. The researchers maximized the small space for the chosen 

microcontroller. With the compact circuit design, the device won't take up much space, making it easy 

to move. The circuit connection involves the Data OUT Pin of the PIR Sensor and DHT11 connected to 

the microcontroller with the ESP8266 pins. The LED has connected pins indicating the current status of 

the light as either ON or OFF. Each IN pin of the relay switch is connected to the pins marked D on the 

MCU. The Relay NO pin is connected to the electric equipment control cable while the COM pin is 

connected to the AC supply line. This design allows the components to work together following the 

desired functionality of the system as a whole. The final design itself can work in any kind of lighting 

set in any building. Furthermore, the researchers also designed a PCB as a realization form of the 

SMARTERA prototype to be installed in the ITERA General Lecture Building. The design of ITERA's 

PCB product is shown in Figure 2 below.  

 
Figure 2. SMARTERA Schematic Diagram; (a) AC to DC Converter, (b) 4 Channel Relay, (c) NodeMCU 

ESP8266 
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Figure 2. (a) shows an AC to DC (Alternating Current to Direct Current) Converter which is an 

electronic device used to convert alternating current (AC) into direct current (DC) in the circuit. Then 

Figure 2. (b) shows 4 channels in which an electronic device is used to control a larger electrical load 

by using a small electrical signal. It has four channels or channels, each of which can control a separate 

electrical load. The last part figure 2. (c) explains NodeMCU ESP 8266 which is a microcontroller 

development board based on the ESP8266 chip. The ESP8266 is a system on a chip (SoC) integrated 

with a WiFi module that enables the use of wireless networks in electronics projects such as the smartera 

prototype. 

  
(a)                                                          (b) 

Figure 3. SMARTERA PCB Design: (a) Top view (red) (b) Bottom view (black) 

Figure 3. (a) provides information about smartera PCB design from the top View and  Figure 3. 

(b) explains PCB design from the bottom view. 

2.3. Flowchart Design 

The stages of this system are detailed in the flowchart diagram as shown in Figure 4 below. Figure 

4 provides information about the logic of the system can be seen in the flowchart Figure 4. The system 

work starts when the equipment is turned on and then immediately initializes the air conditioner and 

lamp. In the next step, the system will control the temperature, and humidity and detect the presence of 

humans in the room. Furthermore, it works for the measurement target in the room. If there is a 

measurement error, the system will be calibrated to avoid larger errors. 

The procedures carried out in this study were carried out in several stages, as follows: (1) 

Simulation of design outcomes. This step is to ensure the wiring process, sensors, and connections to 

the IoT are in line with the desired output, (2) Laboratory scale testing phase. At this stage, researchers 

will conduct experiments on the laboratory scale prototype to ensure the hardware device runs according 

to the simulation results, (3) Limited space testing phase. The prototype that has been tested in the 

laboratory will be tested in the field (small scale) to observe the response in a limited environment, (4) 

the multi-room scale testing phase. The prototype that has been tested in the laboratory will be tested in 

the field (multi-room scale) to observe the response in a wider environment. 
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Figure 4. SMARTERA Flowchart Diagram 

 

3. RESULTS AND DISCUSSION 

3.1. Prototype Realization 

The SMARTERA product of ITERA Smart Room is a tangible manifestation of campus for 

controlling electrical equipment using intelligent control-based Internet of Things (IoT) control. The 

initial stage of this research is automatic control of two most commonly used electrical appliances in the 

campus environment, namely lamps and air conditioning (AC). The researcher will conduct 3 test stages, 

namely laboratory scale, limited room scale, and multi-room scale. In the process of testing the three 

test stages, the researcher will validate the accuracy of the input parameters, process, and output. 

The results of the product in the research produced the design of the SMARTERA Chasing Smart 

Room ITERA which will later be installed in the room to be tested. The picture of the product 

SMARTERA is shown in Figure 5 below. 

 

(a)                                                             (b) 

Figure 5. SMARTERA Casing of Products (a) Top view; (b) Bottom view 
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Figure 5 shows the design of easing Smart Room ITERA will be used as cover and protect the 

system. Figure 5 (a) is the view from the top and figure 5 (b) is the view from the bottom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)                                                                                     (b) 

Figure 6. (a) Implementation of SMARTERA in the ITERA lecture room (b) Display of the SMARTERA 

Application from a smartphone 

Figure 6 (a) provides information on the prototype which had been applied in the ITERA lecture 

room. The system has the function to control and regulate the usage of lights and AC automatically 

based on IoT in the room that will be tested. Figure 6 (b) describes the interface display via smartphone 

such as picture 6 (b). Then the function of SMARTERA provides information that the lecture room 

could be controlled and monitored with this SMARTERA application System. So, users can easily 

control the temperature and monitor the room from a remote location with the aim of efficiency of 

electrical energy. 

3.2.  System Testing 

First, we test the system on the power supply device which serves as the resource provider for 

SMARTERA devices. Therefore, an electrical power supply is necessary to convert the current. Testing 

the power supply circuit serves to convert 220V AC voltage to DC voltage. The SMARTERA prototype 

is fitted with an IC specifically designed as a voltage regulator to deliver a stable 12-volt output voltage. 

The circuit is tested using a multimeter. The scale used to measure voltage is attained by connecting the 

VCC circuit with the positive cable. The test results are indicated in Table 1 below. 

Table 1. Supply Testing 

IC Input PLN Output (Vdc) 

SMARTERA 220 Volt 11,54 volt 

Next, sensor testing is carried out to find out the output voltage of the PIR sensor when it is in logic 

1 and 0. This testing is also required to find out the output voltage value of the passive infrared (PIR) 

sensor when it detects human movement and when it does not detect human movement. The way to 

carry out this testing is for the sensor should get an input voltage of 5 Vdc. Then measure the input and 

output voltage of the sensor using a voltmeter. From Table 2, the PIR sensor testing was obtained. 

Table 2. PIR Sensor Testing 

No Sensor Vin Vout Logic 

1 Motion detected 5,00 3,31 1 

2 No Motion detected 5,00 0 0 
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The same was done to the DHT11/22 sensors to check their condition. To check the level of error, 

a comparison was done between the temperature readings and the room's standard thermomet [11,12]. 

The results of the experiment, done 5 times, are shown in table 3 below. 

Table 3. Temperature Sensor Testing 

No Sensor DHT11 (0C) Thermometer (0C) Error (0C) 

1 23,5 24,5 1 

2 24,8 25,5 0,7 

3 25,3 26,3 1 

4 25,7 26,5 0,8 

5 25,9 26,6 0,7 

The system testing includes verifying the PIR, temperature, and microcontroller along with its 

electronic devices running properly. The main purpose of this system testing is to ensure the components 

mounted on the device can run and function properly as well as the dashboard display. This sensor 

testing also aims to determine the good or bad settings of the infrared sensor sensitivity. This sensor is 

located above the room door and so on. The mechanism of system testing is illustrated in figure 8 below. 

   

Figure 8. Testing the SMARTERA device system 

After making sure that all components are in good condition, the overall system testing is 

conducted. We turn on the electrical switch of the room, then electricity provides voltage to the 

microcontroller and runs the program on the SMARTERA device that will be executed. The program 

runs the PIR and Temperature sensors to detect movement and room temperature. Microcontroller 

program to run the PIR sensor to detect the motion of objects passing by. As for the PIR sensor in the 

classroom, it has functions to turn on the lights. The relay will be active if the PIR sensor is given the 

motion when the lights will turn on simultaneously as an active SMARTERA system. When there is no 

movement in the classroom, the lights will be off. When an object enters the classroom, the sensor 

detects the movement of the object, and the SMARTERA device will re-initialize the program. The next 

step SMARTERA runs the program to turn on the lights. Furthermore, temperature of the sensors 

reaches the set points of the system setting, while the AC will turn on according to the program that has 

been set in the SMARTERA device.  

4. CONCLUSION 

This research has the purpose to create and test a control and monitoring system for room 

temperature, light as well as the presence of humans based on the Internet of Things using the NodeMCU 

ESP8266 microcontroller and the SMARTERA application. The core of the system made is based on 

detecting the room temperature threshold with a DHT11 sensor and identifying light and dark conditions 

and the system after that detects the presence of a human in a room. Then from these two conditions, 

the Node MCU as a processor will instruct the relay to turn on or turn off the AC and the light according 

to the conditions required. Furthermore, all parameters will be sent and displayed on the SMARTERA 

application in real time. This prototype system has worked well and can be further developed to include 

more controllable parameters for smart room and automation industry. 
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 Learning media has a positive impact because it can be fun, increase 

students' interest in learning, and be interactive. The learning method in 

Early Childhood Education (PAUD) Ratnanigsih uses a Sentra approach 

and the environment by playing sambal learning to develop the intelligence 

of a potential child. The facts in PAUD Ratnaningsih found obstacles in the 

teaching and learning process. These obstacles occur due to the lack of 

visualization or media for teachers, and the absence of variations in learning 

can cause saturation in children. Users in this study are early childhood 

teachers in PAUD Ratnaningsih. Based on these problems, a learning press 

is needed for teacher and child relations educated at PAUD Ratnaningsih. 

The learning media design method in this study uses the Multimedia 

Development Life Cycle (MDLC) approach and learning media using 

Macromedia Flash 8. The results of this study are in the form of storyboard 

design, visualization of interface design, implementation of learning media, 

and testing with Blackbox Testing. Based on the conclusions of this study 

shows that all components and features of learning media function properly 

and can be used by teachers in the learning process "Universe" with the 

sub-theme "Rain".  
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1. INTRODUCTION  

Education is one of the essential things for the future of individuals or society. The general 

explanation of education has been contained in Law No. 20 of 2003 Section 1, and it is explained that 

education is a conscious and planned effort to create a learning atmosphere and learning process so that 

students actively develop their potential, have spiritual, mental strength, self-control, personality, 

wisdom, noble character, and skills [1]. According to Munirah in Rahmi [2], there are several 

components in national education, such as the environment, facilities and infrastructure, resources, and 

the community, so they support each other to achieve an education. The development of technology can 

make it easier for us to do everything and do daily activities. As a result, technology can facilitate 

information delivery to anyone without time restrictions [3]. Technology can also play a role in helping 

students succeed in understanding learning topics from teachers [4]. 

Each educational institution, almost all of them use technology to support the process of 

implementing learning. One such technology is interactive-based multimedia. Interactive multimedia is 

used to assist students in accepting the knowledge delivered by the teacher [5]. If interactive-based 

technology is not used in a learning medium, it will be difficult for teachers and parents to provide an 
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excellent lessons to students [5]. Learning media is a significant factor in learning because learning 

media is related to the student's learning experience. One of the objectives of implementing learning 

using interactive multimedia is to replace and complement the objectives, materials, methods, and 

assessment tools that exist in the teaching and learning process as much as possible. The importance of 

learning media is to provide convenience in achieving a learning goal and increase students' interest in 

learning. The application of learning with multimedia will be more interesting, and this is under the 

statement of Ida Bagus Ketut Trinawindu et al. in the research of Wahyu Tisno Atmojo et al. [6] that the 

essence of using multimedia today must be more dynamic Because of the existence of multimedia, this 

is not only reading in the form of text but can be by using voice or audio, music, video, and images [6]. 

Many studies related to learning media have been carried out. Research conducted by Andrian 

Syahputra et al. related to learning media in introductory physics courses obtained results that the 

material was entirely feasible and the suitability and depth of the material with a percentage value of 

82.85% that the learning media in the study could function, and use it in the learning process well [7]. 

The research conducted by Hidayatu Munawaroh et al. on interactive learning media on the theme of 

the universe for early childhood 4 to 6 years, results in the study found that interactive media is effective 

in the learning process in the classroom. An evaluation was carried out on the early childhood with an 

E-Test PR score with an average of 2.07 to 2.73 in the post-test with an achievement result of 80% so 

that it experienced a significant increase [8]. Early Childhood Education (PAUD) Ratnaningsih is one 

of the places of educational institutions or early childhood education facilities before the elementary 

school (SD) education level is implemented. PAUD Ratnaningsih is located in the Bantul area, DI 

Yogyakarta province. PAUD Ratnaningsih has created students who excel and have a noble characters. 

The learning method carried out at PAUD Ratnaningsih is currently the Center & Circle Approach, 

which is a method of playing while learning at a child-centered center to develop all the potential of 

children's intelligence (multi-intelligence). 

One of the themes in the curriculum at PAUD Ratnaningsih is "The Universe" with the sub-theme 

"Rain." Based on the results of an interview with PAUD Ratnaningsih, the primary approach method, 

and the "Universe" curriculum circle experienced obstacles in the teaching and learning process. These 

obstacles are caused by the lack of visualization or media for teachers, and the absence of variations in 

learning can be possible to encounter saturation in children. Not only learning materials but learning 

media can also add games. The game indicates structured and semi-structured activities with the aim of 

entertainment and can sometimes be used as a means of education to evaluate the understanding of 

learning [9]. The game's fun, motivating, and collaborative character makes this activity popular with 

many people. Based on these problems, the purpose of this study is to create a learning media in the 

process of rain based on Macromedia Flash 8. Furthermore, with this learning media making it easier 

for students to learn the process of forming rain, it is hoped that it can increase students' interest in 

learning and facilitate the delivery of material. 

 

2. RESEARCH METHOD 

2.1. Development Method 

In this section, this research used the Multimedia Development Life Cycle (MDLC) method. The 

MDLC method is a method for interactive multimedia development with six stages. The six stages are 

concept, design, material collecting, assembly, testing, and distribution [10]. The flow of the research 

stages of the method can be seen in Figure 1. 
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Figure 1.  MDLC Method Stage Flow 

As shown in Figure 1 f is an explanation of the steps of the Multimedia Development Life Cycle 

(MDLC) development method concept: 

1. Concept 

The first stage is to conceptualize by determining the initial goal, end output, and end users who 

will use the learning media for the process of this rain. Concept design is the overall determination 

stage of designing the concept of an interactive multimedia program to be built to have a clear goal. 

2. Design 

The second stage is to do a detailed sketch per the theme of delivering the material. The design 

stage in this study begins with the design of the menu structure architecture, learning content pages 

(main or homepage display, learning materials, evaluation games), storyboards, and interface 

design so that it can be continued to the implementation stage. 

3. Material Collecting 

The third stage is the stage of collecting necessities. The materials used in this study use materials 

that are appropriate (relevant) to the learning media to be made. These materials include images, 

animations, audio, learning materials, and other materials. 

4. Assembly 

The fourth stage in the study divided the two sub-components. First, the storyboard and interface 

design that have been designed are implemented into multimedia materials using Macromedia flash 

professional 8 software. Second, the creation of material along with the audio dubbing that has been 

available. 

5. Testing 

The fifth stage of this study was completed after all the components in the fourth stage were 

completed. Based on these results, testing was carried out to test the feasibility of this learning 

media from the user side using the Blackbox testing concept. 

6. Distribution 

At the distribution stage in this study, the first step is to socialize with teachers at PAUD 

Ratnaningsih to ensure that the learning media that has been done is appropriate and there are no 

errors. 

2.2. Designing The Concept of Learning Media Components 

The concept of learning media in this study consists of several components of the flow of use from 

beginning to end. The details of the pipeline can be seen in Figure 2. 
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Figure 2. Learning Media Flow 

Figure 2 describes the components or features available in the learning media in this study. The 

segment consists of the main homepage. The main homepage serves as the main page that will appear 

for the first time when users use this learning media, and the main homepage also has a game menu 

button and a play menu button for learning materials. 

 

3. RESULTS AND DISCUSSION 

3.1. Concept Results 

The creation of this media takes the concept from the background of the problem, namely "How to 

Make Learning Media the Process of Rain," to facilitate the teaching and learning process. At this stage 

generates several formulations of concepts in the study, as follows: 

1. The purpose of learning media in the rain process is to provide information and educate early 

childhood about rain formation. 

2. Users of this learning media are teachers and early childhood students at PAUD Ratnaningsih. 

3. The description of this learning media provides information related to the process of this rain that 

can be operated on a computer device. Learning media consists of material that is presented 

visually, animated, and audio, as well as games that can be done to attract early childhood interest. 

3.2. Design Results 

This design stage resulted in the design of the menu structure, storyboard, and interface design of 

each menu in the learning media in this study. These designations include: 
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1. Menu Structure Design 

The design of the menu aims to create a chart. It is a significant part of demonstrating the 

capabilities and facilities for the user. The design of the menu structure can be seen in Figure 3. 

 
Figure 3. Menu Structure 

Based on Figure 3 above, there are 3 main components, namely: 

1.) Main View (Home) 

Generally, a learning application or other applications presents an overview of the application 

on the main page. This is useful for leading users to understand the multimedia application's 

purpose. In this draft, the main page will contain the application's navigation buttons and main 

menus. Later there will be a Material menu and a Game menu. Each menu on the main page 

will have a different submenu for each stage. 

2.) Learning Materials Menu 

This menu was created based on an analysis conducted at PAUD Ratnaningsih. In this menu, 

learning materials are placed with explanations using voice (audio). In the material menu, a 

submenu will direct the user to the student's learning page. After that, a game menu on the 

front page will require users to use the game as an evaluation. 

3.) Menu Game 

As explained above, a game menu (evaluation) of students is intended to evaluate the user's 

ability to master the material that has been given. 

2. Storyboard and Interface Design 
The design of the storyboard, in this case, is to create a script. Storyboards are used to depict 

storylines according to the story's content, accompanied by explanations of the storyline in each frame 

of the learning media so that the application program created becomes user-friendly. The storyboard in 

this study consists of frames 1 to 3, which can be seen in Figure 4, Figure 5, and Figure 6 below: 

1.) Visual Frame 1 

Frame 1 is a design for the main page in the learning media by containing the appearance of the 

menus contained in this learning media. The visualization in frame 1 can be seen in Figure 4. 

 
Figure 4.  Visual Frame 1 
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Based on figure 4 above, it is the design of  The main page consists of a background image, title 

(number 1), game menu (number 2), and material menu (number 3). 

2.) Visual Frame 2 

In frame 2 is the design of the material page. The visualization in frame 2 can be seen in Figure 5.  

 

Figure 5.  Visual Frame 2 

Based on Figure 5 above, the Frame is an animated design (number 1) for the material presentation 

page. The user will be directed to the material explaining how the rain process will be studied. 

3.) Visual Frame 3 

Visual Frame 3 is a game page containing a simple puzzle game that is useful as a user's evaluation 

after seeing the material that has been presented. The visualization in frame 3 can be seen in Figure 6. 

 

Figure 6.  Visual Frame 3 

Based on Figure 6 above, it is the design of the main page of this learning media, the animation 

design (number 1) for the material presentation page. This page consists of the title (number 1), puzzle 

board (number 2), puzzle box (number 3), game processing time (number 4), and score (number 5). 

3.3. Material Results 

This study collected materials by conducting interviews with teachers at PAUD Ratnaningsih and 

collecting material from several sources that support the pattern of providing suitable material for early 

childhood. Related to the materials for making interactive multimedia collected are images for 

backgrounds, buttons, and other components online, as well as voice (audio) dubbing for material 

presentation. Creation of learning media using Macromedia flash professional 8 and Corel Draw X5 

software to create and process learning media. 

3.4. Assembly Results 

At this stage, the implementation of making learning media using Macromedia flash software 

professional 8, then creating designs using Corel Draw X5 Software. The final results of the performance 

of making learning media in this study are based on the design design at the design stage, as follows: 

1. Main Page View 
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This main page view is displayed first when the learning media is run. The main menu display has 

menus that can be selected. The main menu has a game menu and a material menu. Here's a look at the 

main menu that can be seen in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Main Page View 

Based on Figure 7 above, there are two buttons. The "Game" button, if a click action is performed, 

will lead to a simple game page in the form of compiling puzzles. However, acting on the "Play" button 

will redirect to the learning materials page. The choice of full color is a consideration in the background 

setting to attract children's attention using this learning medium. 

2. Material Page View 

The material page display contains an animation of the delivery of material from the rain process 

and is accompanied by sound (audio) in the presentation. The function of the audio is so that early 

childhood can understand easily. The following view of the material page is seen in Figure 8. 

 
Figure 8.  Material Page View 

Based on Figure 8 above is a page of material presentation. The process of delivering material by 

creating an animation that can move to explain better the details of the operation of the rain and each of 

these processes is also accompanied by a sound (audio) that can be heard directly by the user. 
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3. Game Page View 

Game page view is an animated display of puzzel games in this learning medium. The following 

display of the game page can be seen in Figure 9. The following view of the game page can be seen in 

Figure 9. 

 

Figure 9.  Game Page View 

Based on Figure 9 above is the puzzel game page. The game page display is an evaluation page for 

users, in this puzzle-shaped game students are invited to pair puzzle pieces into a complete picture. 

Puzzel games serve as a medium for evaluating the achievement of material understanding from 

students. 

3.5. Testing Results 

The testing stage is carried out after the completion of the assembly stage process. The test is 

performed using a beta test. The beta test method will test the learning media of the user series (in this 

test, the user is a teacher) before the learning media can be used for early childhood students in PAUD 

Ratnaningsih. Blackbox test tests focus on the functionalities and components in this learning media and 

whether they can function correctly. Testing consists of several activities. The activity consists of testing 

audio or sound, animations, and buttons in the media. Details of the Blackbox test results in this study 

can be seen in Table 1. 

Table 1.   Blackbox Test Results 

 

 

 

 

 

 
 

 

  

3.6. Distribution Result 

The results at the distribution stage of this study, learning media have been socialized to teachers 

at PAUD Ratnaningsih for their use, and it has been confirmed in the test results that the learning media 

that has been made is appropriate and there are no errors.  

 

4. CONCLUSION 

Based on the results of research on interactive learning media for early childhood at PAUD 

Ratnaningsih, in understanding the process of rain, it was concluded that the media learning using 

No Component Testing Activities Test Results 

1 Sound/Audio 
Sound testing when delivering material Ok 

Sound testing on buttons when clicked Ok 

2 Animation 

Testing on loading Ok 

Animation testing on material 

discussion 

Ok 

3 Knob 

Test on the game button when clicked Ok 

Test on the play button of the material 

when clicked 

Ok 
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the Multimedia Development Life Cycle method could function properly. It can also be viewed based 

on the test results using a Blackbox, getting the results of all feature components such as sound or audio 

of material delivery and on the button when clicked, animations in the delivery of material, as well as 

game buttons and buttons, can run properly. With this learning medium, children at an early age can 

help to understand the occurrence process in the "Universe" subtheme of an event. Rain by adding audio 

to make it easier for early childhood to understand the material. 
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 The increase in population from year to year causes an increase in the need 

for food such as Tofu. This also has an impact on the number of tofu 

industries in Indonesia. Nevertheless, it arises that the environmental 

problems posed by the tofu industry are waste generated from the liquid 

tofu waste manufacturing process. When discharged into the environment, 

it can cause a foul odour and pollute the environment. The utilization of 

tofu liquid waste into electrical resources is one of the steps that can be 

developed in reducing pollution and increasing electrification. This study 

aims to determine the potential value of tofu liquid waste and electrical 

energy for PLTBG fuel as an effort to apply clean technology. The method 

in this study using anaerobic fermentation with SuperPro Designer 

simulation. The results of this study, from 500 litres per day of tofu liquid 

waste can produce methane gas (CH4) of 141,97 m3 per day and total 

electrical energy of 129,03 kWh. It can be concluded from this study. tofu 

liquid waste can be used as biogas to fuel a generator set with an output 

power of 12.000 Watts which fulfills industrial electricity needs for 11,73 

hours. 
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1. INTRODUCTION 

The increase in population has an impact on food needs, such as primary needs in the form of tofu. 

Tofu is a traditional food made from soybeans. The development of tofu consumption from 2002 to 

2018 fluctuated with an average value of 7.41. Tofu consumption is estimated at 8.38, 8.52, and 8.67 in 

2019, 2020, and 2021, respectively [1]. This has caused an increase in the tofu industry. The increase in 

the tofu industry has an impact on the accumulation of waste has increased [2]. 

The tofu industry in its formulation produces two wastes, namely liquid waste and solid waste. 

Liquid waste comes from the process of washing, boiling, and molding while solid liquid waste in the 

form of dregs arises from the way of filtering soybean porridge [3]. Tofu liquid waste with a high organic 

matter composition, if discharged directly into the water, can harm the environment around the industry. 

The amount of tofu industry in Indonesia is quite large, with around 84,000 small and medium-scale 

tofu industries, and usually family-owned with a total yearly production of more than 2.56 million tons 

[2]. Payakumbuh city, West Sumatra has 7 tofu industries. BK Tofu Industry is one of them. It is located 

on the riverbank of Batang Agam. After making observations with the owner, in one day it can produce 

tofu liquid waste around 500 liters and 2000 kg of tofu solid waste. Solid waste in the BK tofu industry 

is sold as livestock feed while liquid tofu waste in the BK tofu industry has no further process. So the 

industry needs a waste processing that aims to reduce the negative impact of tofu liquid waste [4]. 
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Based on observations and interviews with Mr. Yusril as the owner, his tofu industry has not been 

able to process tofu waste and waste disposal is not following existing regulations, causing pollution. 

This pollution will negatively affect the health of the people around the industry. This issue involves 

many groups that use tofu liquid waste to be processed into various useful products, thereby reducing 

the risk of pollution [2]. Biogas fuel is one product that can reduce the risk of pollution. The use of tofu 

liquid waste to produce biogas can be made using the anaerobic fermentation method. The fermentation 

method is a process of processing organic ingredients through fermentation without the use of oxygen. 

The main components of biogas are carbon dioxide and methane gas. This methane gas will be used as 

fuel for a generator set that converts it into electricity [4]. 

Related research on biogas from tofu liquid waste has been done several times, these studies include 

examining the potential of tofu liquid waste in clean technology endeavors [5]. This study [6] The study 

examined the results of one-stage and two-stage anaerobic treatment of organic matter shrinkage as seen 

from the Chemical Oxygen Demand (COD) parameter, bacterial development monitored from the 

Volatile Suspended Solid (VSS) parameter, Volatile Fatty Acid (VFA) production, and biogas 

production. This study [7] has a topic of calculating the potential biogas that can be produced, the 

duration of fermentation, and the construction of the reactor. 

Based on these studies, all studies only focus on the processing and production of biogas from tofu 

liquid waste. Therefore, this study calculates the potential of electrical energy from tofu liquid waste 

biogas and electrical energy for the manufacture of wind power plant fuel by anaerobic fermentation 

method. Utilization of tofu liquid waste can increase the efficiency of waste that is not used anymore. 

Tofu liquid waste which is the raw material produced by the BK Tofu Industry then used to form biogas, 

then converted into electrical energy. This study uses an anaerobic fermentation method with the help 

of Superpro Designer Software to produce biogas. This study takes advantage of the anaerobic 

fermentation process combined with Superpro Designer software to produce biogas. The potential 

benefits of biogas were calculated and the value of electrical energy produced from tofu liquid waste 

was established. 

 

2. RESEARCH METHOD 

The substance of this study is to calculate the potential of biogas and electrical energy of tofu liquid 

waste with an anaerobic fermentation method assisted by Superpro Designer Software to produce 

biogas. Where the results of the potential biogas from tofu liquid waste are converted into electrical 

energy.  

 

 Figure 1. Research Series   
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2.1. Collection of Research Data and Process Parameters 

Stages of data collection and process parameters were carried out in two stages, namely by survey 

(interviews with resource persons) at the BK Tofu Industry location in Payakumbuh City and with 

related parameter data from the literature review. 

2.1.1. Data Collection 

According to the Payakumbuh City Industry and Trade Office, the tofu industry has 7 tofu 

industries. The development of the tofu industry in Payakumbuh City has increased from year to year. 

Table 1. Data of Tofu Industry Liquid Waste Payakumbuh 

Number 
Tofu Industry Liquid Waste Data 

Industries Total Waste (L/day) 

1 Industri Tahu BK 500 

2 Industri Tahu Urang Awak 300 

3 Industri Tahu DF 300 

4 Industri Tahu Jaya Bersama 250 

5 Industri Tahu Kapatar 450 

6 Industri Tahu AA 130 

7 Industri Tahu Sumedang Saitana 110 

BK Tofu Industry is one of the tofu industries in Payakumbuh City, it is located on the riverbank 

of Batang Agam which is operating from 06.00 WIB to 18.00 WIB. After a survey with the industry 

owner, in one day the BK Tofu Industry can produce 500 liters of tofu liquid waste. 

The BK Tofu Industry has an electric power of 11.000 VA and has electrical equipment consisting 

of 5 units of 1-phase electric motors, 3 units of water pumps, and 7 units of lamps. So that the total 

electrical load of the industry is 94,383 Watt or 94,383 kWatt. The equipment operates for around 10 

hours per day. 

Table 2. BK Tofu Industry Expense Data 

Number 

Industry Expense Data 
Power 

Amount 

(Watt) 
Equipments 

Active 

Time 

(Hours) 

Power  

(Watt) 

Total  

(Unit) 

1 Motor 1 Phase  9 1850 5 83.250 

2 Water Pump  9 372 3 10.125 

3 LED Light 10 18 7 1.008 

2.1.2  Process Parameters 

The parameters used in this biogas formation process are parameters that help in applying 

simulations to form biogas. Tofu liquid waste has a high nutrient and organic content consisting of water, 

carbohydrates, protein, and fat. The percentage content of tofu liquid waste can be seen in Table 2. 

Table 3. Tofu Liquid Waste Levels 

Number 
Tofu Liquid Waste Levels 

Parameters Levels (%) 

1 Water 90,72 

2 Carbohydrate 6,28 

3 Protein 1,8 

4 Fat 1,2 

2.2. Simulation of Superpro Designer Producing Biogas 

2.2.1  Superpro the Flow of Making Tofu Liquid Waste Biogas with the Superpro Software 

The potential of tofu liquid waste to become biogas is determined by an anaerobic fermentation 

method facilitated by SuperPro Designer Software. The procedure is shown in Figure 2 [8]. 
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Figure 2. Biogas Production Series from Tofu Liquid Waste with Superpro Software 

2.2.2  Determination of the Process Model 

In the process of forming biogas with Superpro Software, there are several steps used in the process 

model, which is a process that is done after determining the value of the pure component. In simulating 

the software, it uses a Batch process with a duration of according to the Superpro Software 

recommendation of 336 days. Because of this method, the processing time can be changed while the 

primary process is in progress. The use of cycles in the anaerobic fermentation process. The unit 

procedure used is fermentation using Anaerobic Digestion. 

2.2.3  Filling of Pure Components and Stock Mixture 

Components consist called Pure Components are compounds that are reacted during simulation, 

while Stock Mixture is a compound in the raw material that will be processed into biogas. 

2.2.4  Process of Manufacturing the Basic Materials Into Biogas 

In this procedure, the preparation and processing of raw materials in the Anaerobic Digester are 

carried out. This procedure will produce methane and CO2 through chemical processes helped by 

bacteria, including hydrolysis, acidogenesis, acetogenesis, and methanogenesis. Biogas processing from 

wastewater requires an Anaerobic Digester component, which is a closed process that lacks free oxygen 

to produce biogas gas. The output of this process is tofu liquid waste. The end product is biogas, which 

consists of methane gas and carbon dioxide. 

2.2.5 Validation of Simulation Results 

The validation that was done in this study was to compare with research [7] that has the topic of 

study to calculate the potential biogas that can be produced, the duration of fermentation, and the 

construction of the reactor. 

Table 4. Levels of Tofu Liquid Waste 

Number 
Validation of Simulation Results 

Parameters Researchs [7] Validation 

1 Raw Material Tofu Liquid Waste Tofu Liquid Waste 

2 Composition 

Water 90,72%, Carbohydrate 

6,28%, Protein 1,8%, and Fat 

1,2% 

Water 90,72%, Carbohydrate 

6,28%, Protein 1,8%, and fat 

1,2% 

3 Inputs value 90 Liter/days 90 Liter/day 

4 Biogas Levels 
80,57% methane, 19,42%carbon 

dioxide 

80,57% methane, 19,42%carbon 

dioxide 

5 Volumetric Flow 31,7193 m3 31,7193 m3 

The validation of the simulation results showed that in the research [7] volume of tofu liquid waste 

was 90 liters and 500 liters. The Superpro simulation results in this study produce biogas which has a 

composition of 80.57% methane and 19.42% carbon dioxide. This simulation produces biogas that has 
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a composition of 80.57% methane and 19.42% carbon dioxide. From the results of the biogas 

composition parameters, it can be seen that there are no inaccuracies in the values, which means that 

this research is valid because it does not have an error value of more than 10%. 

2.3. Calculation of Electric Potential 

Determine the working duration of the generator per day, we can use (1) [4]. 

Operation Time =
Volumetric Flow ×Mass Comp Gas Methan

Fuel Consumption
   (1) 

Where operating time is the duration of generator set work that can be obtained, volumetric flow is 

the volume flow rate of methane gas obtained from simulation, fuel consumption is the amount of fuel 

consumption with 100% load. 

Calculation of potential electrical energy can use (2) [4], as follows: 

Total electrical energy = operating time × generator power                                                                    (2) 

Total electrical energy is the total potential electrical energy generated from tofu liquid waste, 

electrical power is the generator specification power, and operating time is the time in operating the 

generator set. 

 

3. RESULTS AND DISCUSSION 

In this section, the authors explain the results of the research as well as provide a comprehensive 

explanation of the discussion. 

3.1. Biogas Potential from Tofu Liquid Waste 

 

Figure 3. Single Line Diagram Anaerobic Fermentation Process 

The first process of tofu liquid waste of 500 liters from the BK Tofu Industry in Payakumbuh City 

is included in the Anaerobic Digestion section. In Anaerobic Digestion, the formation of methane gas 

happens. The final results of the simulation are shown in the output. 

Table 5. Levels of Tofu Liquid Waste 

Number 
Levels of Tofu Liquid Waste 

Parameters Result 

1 Tofu Liquid Waste Volume 500 L/day 

2 Volumetric flow 176218,54 L/day 

3 Biogas levels Methane 80,57% and CO2 19,42% 

The results of the simulation using Superpro software with the input of tofu liquid waste with a 

daily volume produced biogas with a Volumetric Flow of 176218.54 Liters or 176.21 m3 in a day with 

levels of 80.57% Methane Gas and 19.42% Carbon dioxide. 

3.2. Potential of Electrical Energy from Biogas 

In calculating the potential of electrical energy, we must choose the capacity of the generator set. 

The generator used for this PLTBG analysis is a Jet Power generator set. Based on the electrical energy 

 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&


 

  

Volume 10, Issue 1, April 2023, pp. 78-85 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3855 

83 
 

 

 

 Analysis of The Utilization of Tofu Liquid Waste As A Biogas… (Galuh P. Rajabya., et al) 

capability of the BK Tofu Industry in Payakumbuh city and the amount of potential biogas formed, the 

details of the generator set used are shown in Table 4. 

Table 6. Tofu Liquid Waste Generator Specifications 

Number 
Generator Specifications 

Parameters Result 

1 Manufacture Jet Power 

2 Model No NG-17 

3 Output Power 12 kW 

4 Speed 1500/1800rpm 

5 Frequency 50Hz/60Hz 

6 Currency 40A-1000A 

7 Phase 1 Phase/3 phase 

8 Fuel Consumption 12,1 m3/h 

9 Manufacture Jet Power 

After knowing the specifications of the generator set that will be utilized as a generator, the next 

step is to calculate the electrical potential of tofu liquid waste using (1) and Equation (2). 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =  
176,21   𝑚3  ×  80,57%

12.1 𝑚3/ℎ𝑜𝑢𝑟𝑠
  

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =  
141,97 𝑚3

12.1 𝑚3/ℎ𝑜𝑢𝑟
 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =  11,73 ℎ𝑜𝑢𝑟 

In 500 liters of tofu liquid waste mass, it can produce about 141.97 m3 of methane gas and the 

operating time of the biogas generator is about 11,73 hours 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 =  11, 73 ℎ𝑜𝑢𝑟𝑠 × 12.000 𝑤𝑎𝑡𝑡 = 140,76 𝑘𝑊ℎ 

Table 7. Electrical Energy Comparison 

Number 
Electrical Energy Comparison 

Parameters Researchs [7] Validation 

1 Raw material Tofu Liquid Waste Tofu Liquid Waste 

2 Inputs value 90 Liter/days 500 Liter/day 

4 Operating time 2,11 hour 11,73 hour 

5 Total Energy 25,32 kWh 140,76 kWh 

Previous research has that 90 liters/day of tofu liquid waste can produce total electrical energy of 

25.32 kWh while from this study,500 liters/day of tofu liquid waste produces electrical energy of 140.76 

kWh and can turn on the generator for 11.73 hours using a 12,000 Watts biogas generator. BK Tofu 

Industry operates from 06.00 WIB to 18.00 WIB, so that the potential electrical energy generated from 

tofu liquid waste can be utilized as fuel for PLTBG to the maximum during the operational time of BK 

Tofu Industry in Payakumbuh City. 

 

4. CONCLUSION 

Based on the results obtained, it is concluded that with the amount of 500 liters of tofu liquid waste 

can be processed into biogas by anaerobic fermentation method with Superpro Designer simulation, the 

results of biogas output with methane gas content of 82.257% and carbon dioxide of 19.42% and 

volumetric flow of 176218.54 liters per day or 176.21 m3, with a total gas produced of 141.97 m3. From 

the potential of methane gas, it can operate the biogas generator for 11,73 hours with a total energy of 

140.76 kWh.  
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 Forest fires are the most common cause of deforestation in Indonesia. This 

condition hurts the survival of living things. Of course, this has received 

special attention from various parties. One effort that can be made for 

prevention is to group these points into areas with the potential for fire 

using the clustering method. In this research, a comparative study of the 

clustering algorithm between K-Means and K-Medoids was conducted on 

hotspot location data obtained from Global Forest Watch (GFW). Besides 

that, important variables that affect the clustering process are also analyzed 

in terms of feature importance. There are nine important variables used in 

the clustering process, of which the Acq_time variable is the most 

important. The clustering quality of both algorithms is evaluated using the 

silhouette coefficient (SC). Both algorithms are capable of producing 

strong clusters. The best number of clusters is six clusters. The K-medoids 

algorithm is better at grouping data than K-means. 
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1. INTRODUCTION 

Indonesia is one of the world's lungs, with a total area of 94.1 million hectares [1]. However, 

Indonesia's deforestation threat is 17% annually [2]. Forest fires are the most common cause of 

deforestation. Global Forest Watch (GFW) is an organization in the environmental sector that has noted 

Indonesia as the country most frequently affected by forest fires. The impact is that air quality in 

Indonesia deteriorates over time, causing damage to the world's lungs due to global warming. In 

addition, the destruction of forests results in the instability of flora and fauna ecosystems, so many 

species are threatened with extinction.  

The negative repercussions of forest and land fires encourage various parties to take early 

prevention measures. Given that the volume of forest and land fires will increase as the dry season 

approaches, one of the anticipatory steps that can be taken is to predict the distribution of hotspots and 

classify these points into areas with the potential for forest or land fires [3]. The distribution of hotspots 

indicates the likelihood of forest fires’ occurrence in a given area [3,4].  

Hotspots are areas with higher temperatures than the surrounding surface areas. Hotspots could be 

detected as locations for forest and land fires. It uses the MODIS sensors on the Terra/Aqua satellite and 

the SNP VIIRS satellite[5].  Hotspot datasets can be grouped depending on their information similarity 

using data mining techniques, and these techniques can process data on a large scale [6]. One approach 

to data mining is clustering. The clustering algorithm will group the data into the same cluster based on 

their similarity. 
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A study applied a data mining approach in its category of clustering to identify areas susceptiblto 

forest fires in West Kalimantan Province [3]. The K-means algorithm is used to cluster the forest fire 

dataset. The dataset was obtained from the Institute of Aeronautics and Space (LAPAN). Evaluation of 

clustering results using the Davies Bouldin Index. Based on the results of the grouping, there are three 

with information on fire-prone, non-prone, and fire areas. By using identical algorithm, study by [6] 

clustering points of forest fires on the island of Sumatra. Forest fire hotspot data was obtained from the 

EOSDIS website. In addition, the study also analyzes the comparison of the K-means algorithm with 

the Isodata algorithm. Cluster results were evaluated using the silhouette coefficient (SC). Based on the 

results of their study, the K-means and Isodata algorithms are able to cluster data with very strong cluster 

quality, with SC values above 0.9. The results of further analysis show that the K-means algorithm is 

better at producing clusters, with a greater SC value than the Isodata algorithm. 

Another popular clustering algorithm is K-medoids. Research by [7] clusters hotspots in the 

Saravan Forest, Iran. The dataset was obtained from the local Ministry of Forestry. The study also 

analyzes the comparison of K-medoids with the fuzzy c-means (FCM) algorithm. Clustering results are 

evaluated with the silhouette coefficient. Both algorithms are capable of clustering hotspots with quite 

a good cluster quality. By using the same algorithm, a work clusters areas with the potential for 

forest/land fires based on hotspots [8]. The distribution of hotspots covering the Southeast Asia region 

was obtained from the database of the NASA LANCE –FIRM MODIS Active Fire website. The data 

used contains information in the form of brightness temperature, FRP, latitude, longitude, and 

confidence values. To evaluate the cluster results, they use the silhouette coefficient. The K-medoids 

algorithm can cluster the data. However, the quality of the cluster results in the low-quality range is 

quite good. 

Based on the conditions and facts above, this study analyzes two partitioning clustering algorithms, 

these are K-means and K-medoids. Both algorithms cluster forest fire hotspot data. There are two kinds 

of datasets, each obtained from a distinct source [1, 5]. Furthermore, this study also provides information 

on the most important variables in the research using the important feature.  

 

2. RESEARCH METHOD 

This section describes several research processes (Figure 1). The process begins with collecting 

data, followed by pre-processing. The next process entails that every dataset be clustered with the K-

means and K-medoids algorithms. The silhouette coefficient is used to evaluate clustering results. 

 

Figure 1. Research flowchart 

2.2. Dataset 

There are two types of datasets used in this study. Global Forest Watch (GFW) provided the first 

dataset (Dataset I). GFW is a data and tool platform available online to monitor forest fires [5]. The 

second dataset (Dataset II) is obtained from the research sampling [1]. The dataset I have 185 287 

hotspot records and Dataset II consists of 25 000 records. Dataset II is a sampling from Dataset I. Both 

datasets have the same variable and there are twelve variables in dataset Table 1. 
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Table 1. Variable description 

Variable Description 

latitude Latitude 

longitude Longitude 

bright_ti4 The brightness temperature is I-4 in kelvins 

scan, track Scan size in pixels 

acq_date Track size in pixels 

acq_time Date of acquisition of VIIRS 

instrument Instrument 

confidence N= Suomi National Polar-orbiting Partnership 

(Suomi NPP), 1=NOAA-20 (designated JPSS-1 

prior to launch) 

satellite satellite 

version Version 

frp Hot spot radiative strength 

bright_ti5 The brightness temperature is I-5 in kelvins 

2.3. Pre-processing 

This is a vital phase of the data mining process[9]. Most of the energy of research is consumed by 

this process. In addition to preparing data, this process can also improve the performance of the resulting 

model [15]. Several procedures are executed at this stage to obtain a ready dataset. The processes are 

raw selection, normalization, and variable selection. Raw selection is selecting used records or deleting 

unused records. This study employs the principle of deleting unused records. This study removes invalid 

records that contain the value "X" on variable longitude and "Y" on latitude. Of course, the record 

deletion does not have a significant impact because the number is small in comparison to the raw dataset 

size.  

Some values of the variables in this study dataset have non-standard ranges of values and high gaps. 

Therefore, process normalization is required. The data normalization process is carried out to 

standardize the data scale for each variable. This study uses the z-score method because the method is 

proven reliable for numeric and integer data types[10], [11]. Equation (1) is a z-score formula, Z notation 

represents normalized values, x is data, 𝜇 is the mean of data and 𝜎 is the standard deviation. 

𝑍 =  
𝑥− μ 


                                                                                    (1) 

This study dataset has many features. These conditions make it difficult to build a model [12], [13]. 

This research performs feature selection using feature importance. There have been many studies using 

this method to solve dataset variety problems [1,12,13]. This study also used the feature importance 

method by threshold 0.5, which is refer to [1]. 

2.4. Clustering 

Clustering is known as unsupervised learning to partition data into several clusters [14]. A cluster 

is a group of objects with a high degree of similarity. The quality of the clustering results is dependent 

on the method used. Generally, clustering algorithms are divided into three categories[4]: hierarchical, 

density, and partitioning. Partitioning clustering is a clustering algorithm that partitions data into k 

clusters [15]. The k clusters by the partitioning clustering method are frequently of higher quality than 

the k clusters by the hierarchical or density methods [3,14,16,17]. The popular partitioning clustering 

algorithms are K-means and K-Medoids [18]. 

2.5. K-Means Algorithm 

The K-means algorithm is a non-hierarchical cluster analysis method that partitions objects into 

one or more groups based on similar characteristics, objects that have characteristics that are closer to 

being grouped in the same cluster are grouped into that cluster [19]. In other words, the K-Means 

algorithm goal is to minimize variation within a cluster while increasing variation with existing data in 

other clusters. Without knowing the target class, the learning algorithm divides the data into k clusters 

based on the similarity value closest to the cluster's center (centroid). This learning is included in 
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unsupervised learning [18]. The number of clusters (k) is assigned manually at the beginning of the 

clustering process. This algorithm has been widely used in any case because it is simple to implement 

and has a minimum computational complexity [14].  

K-means algorithm  

1. Define k as the number of clusters 

2. Determine the k initial centroid 

3. Calculated similarity between centroid to each data 

4. Allocate each object to the nearest centroid based 

5. Update the centroid by finding the average value of the cluster members 

6. Repeat steps 3 to 5 until there is no change in the centroid 

2.6. K-Medoids Algorithm  

Leonard Kaufman and Peter J. Rousseeuw provided the K-Medoids algorithm, which is an 

enhanced version of the K-Means algorithm [11] byproduct, the two algorithms are very similar. The 

distinction between the K-Means and the K-Medoids algorithm is in identifying the centroid; the K-

Means algorithm applies the mean value of each cluster as the centroid, whilst the K-Medoids algorithm 

uses data objects as representatives (medoids) as the centroid. 

K-medoids algorithm  

1. Initialize k (number of clusters) centroid 

2. Allocate each data (object) to the closest centroid based on similarity 

3. Choose an object randomly from the members of each cluster as a new 

centroid candidate  

4. Calculate distance of each object to the new centroid candidate in each 

cluster 

5. Calculate the cost (S) by calculating the new total distance – the old total 

distance 

6. If S<0, then swap centroid by new centroid 

7. Repeat step 2-7 until there is no change in centroid 

2.7. Evaluation Silhouette Coefficient 

This study uses the silhouette coefficient (SC) to evaluate clustering results. SC is a technique for 

determining the quality and strength of clusters. The Silhouette Coefficient Method is a hybrid of the 

Cohesion and Separation Methods [13]. The cohesion method measures the closeness of relationships 

between objects in a cluster. While the separation method determines how far or close a cluster is to 

other clusters. Let A be a cluster, randomly select an object i from a member of cluster A, and then the 

steps for calculating the silhouette coefficient are as follows [19]: 

1.  Calculate the mean distance from an object (𝑎(𝑖)) to all other objects in a cluster using equation 

(2). Where j is another object in cluster A and 𝑑(𝑖, 𝑗) is distance object i to object j 

𝑎(𝑖) =  
1

|𝐴|−1
∑ 𝑑(𝑖, 𝑗)𝑗∈𝐴,𝑗≠𝑖                                                                                      (2) 

2. Calculate the mean distance from object i to all data in other clusters using equation (3), and take 

the smallest value b(i). Where 𝑑(𝑖, 𝐶) is the object's distance to all objects in cluster C, where C is 

not the same as A. 

𝑑(𝑖, 𝐶) =  
1

|𝐴|
∑ 𝑑(𝑖, 𝑗)𝑗∈𝐶,                                                                                          (3) 

3. Calculate the Silhouette Coefficient value by using equation (4). 

𝑆(𝑖) =  
𝑏(𝑖)−𝑎(𝑖)

max(𝑎(𝑖),𝑏(𝑖))
                                                                                                (4) 

The range of SC values is 0 to 1. SC values represent cluster quality. Table 2 shows the SC 

description. 
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Table 2. Interval Silhouette Coefficient 

Interval SC Description 

0.71 - 1 Strong cluster 

0.51 – 0.71 Reasonable cluster 

0.26 – 0.5 Weak cluster 

< 0.25 Wrong cluster 

 

3. RESULT AND DISCUSS 

This chapter describes the results and discusses four main points of discussion; the results of 

selecting variables with feature importance, clustering using the K-Means algorithm, clustering using 

the K-Medoids algorithm, and studying the comparison of the two algorithms. 

3.1. Feature Selection  

 

Figure 2. Feature importance value of variables 

There are twelve features in this study dataset. According to the findings of this study, nine features 

fulfill the threshold requirements Figure 2. These are acq_time, latitude, longitude, bright_ti4, bright_ti5, 

FRP, scan, track, and confidence. The acq_time variable has the highest value, and the confidence 

variable has the lowest feature importance value. The higher the value, the greater the influence on 

building the model later, and vice versa. These nine variables are used to build the clustering model. 

3.1. Clustering using K-Means 

This section presents the results of implementing the K-means algorithm on two datasets. The K-

means algorithm tests a number of clusters (k), including k = 2, 3, 4, 5, and 6, respectively. The clustering 

results were evaluated using the silhouette coefficient (SC). Evaluation results can be seen in Table 3.  

Table 3. Cluster quality by K-means algorithm 

k 
SC 

Dataset I 

SC 

Dataset II 

2 0.729 0.7286 

3 0.729 0.7287 

4 0.777 0.776 

5 0.776 0.742 

6 0.794 0.754 

Based on the information in the table, the K-means algorithm is able to produce strong clusters for 

both datasets. It means that the algorithm is capable to clusters a small or large number of records. Even 

though all the k tests produced strong clusters, six and four are the best number of clusters for dataset I 

and dataset II. In addition, k = 2 has lowest SC for both datasets, the number of cluster does not 

recommended as an insight of problem.   
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Figure 3 K-means visualization result for dataset I 

The dataset I have a higher quality of clusters than Dataset II. This study argues that dataset 

sampling affects cluster quality. This study presents a visualization of the results of cluster dataset I 

depending on the attributes of latitude and longitude (Figure 3). There are six different colors, each 

representing a cluster. Even though the K-means algorithm produces strong clusters, there is one Tosca 

blue cluster with disjoint conditions between its members. 

3.2. Clustering using K-Medoids 

This section discusses the results of implementing the K-Medoids algorithm on both datasets. The 

K-medoids algorithm was also tested and evaluated using the same number of clusters and techniques 

that were used in the previous experiment. The evaluation results can be found in Table 4. Based on the 

table, k = 2 has the lowest SC for both datasets, while k = 6 has the highest SC for both datasets. It means 

that the number of clusters with the lowest SC is not a recommendation for grouping hotspots. On the 

other hand, the number of clusters with the highest SC could provide insight into grouping hotspots.     

Table 4. Cluster quality by K-medoids algorithm 

k 
SC 

Dataset I 

SC 

Dataset II 

2 0.729 0.723 

3 0.776 0.776 

4 0.794 0.777 

5 0.794 0.806 

6 0.813 0.810 

Based on all the numbers of k tested, K-medoid is also able to produce strong clusters for both 

datasets. Even though both clustering results show the same number of best clusters, the SC of the best 

number of clusters from dataset I is greater than the SC of the best number of clusters from dataset II. 

On other hand, the cluster quality of dataset I is still more reliable than dataset II. This condition 

reinforces the argument from this study that sampling datasets affect cluster quality. This argument is 

reinforced by the results of the visualization in Figure 4, the figure shows that the disjoint member of 

the cluster is less than the previous clustering results. 
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Figure 4 K-medoids visualization result for dataset I 

3.3. Comparison of Two Algorithms  

Based on the best cluster visualization results for both datasets in the previous section, it can be 

seen that the K-medoids clustering results are more compact than the K-means results. Further 

investigation results can be seen in Figure 5 (a) and (b). Figure 5 (a) is the SC comparison graph of 

algorithms for dataset I and Figure 5 (b) is the SC comparison graph of algorithms for dataset II. SC of 

K-medoids  SC of K-means for a dataset I. The highest SC value of K-medoids is 0.813, while the K-

means algorithm is less than 0.8. Similar conditions exist for dataset II, with the K-means algorithm 

only being superior when k = 2. 

 
(a) 

 
(b) 

 

Figure 5 Comparison SC value of algorithms  

Lastly, both algorithms can produce strong clusters for both datasets. This can be seen from the SC 

value, which is always above 0.71. The facts show that the SC value of the K-medoids algorithm is 

greater than the SC value of the K-means algorithm for both datasets. It means that the performance of 

the K-medoids algorithm is superior to that of the K-means algorithm. 

  

4. CONCLUSION 

Based on the results and discussion, nine attributes are most influential in building a fire forest 

clustering model, these are Acq_time, longitude, latitude, bright_ti4, bright_ti5, FRP, scan, track, and 

confidence. Both algorithms can be implemented for grouping data on the location of forest/land fires 

in Indonesia based on the distribution of hotspots. Both algorithms produce strong clusters for large and 

small data sizes. Although the size of the dataset also affects the quality of the cluster, six clusters are 

the most numerous in both datasets. The quality of the clustering results of the K-medoids algorithm is 

superior to K-means. 
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 Mushrooms are one of the agricultural products that are in great demand 

because of their high nutritional content and healthy and delicious taste. 

Nowadays, mushroom cultivation is increasingly widespread and focuses 

on understanding the optimal environmental conditions for good 

mushroom production. The main parameters that affect the growth of fungi 

are the temperature and humidity of the environment, where the fungus will 

grow optimally at a temperature of 20 to 30°C and a humidity of 60 to 

90%RH. But unfortunately, mushroom farmers often find it difficult to 

monitor at any time the environmental conditions where the mushrooms 

grow. For this reason, an IoT-based temperature and humidity monitoring 

system was developed for use in mushroom cultivation rooms. This system 

is assembled using a DHT11 temperature and humidity sensor, a 

NodeMCU ESP3866 microcontroller and WiFi module, and an LCD 

screen. IoT development is carried out using the Thinger.io platform which 

allows mushroom farmers as users to monitor room conditions directly 

through a web page. The efficiency of the IoT-based monitoring system in 

providing the appropriate growth conditions for mushroom cultivation, 

despite the existence of variable environmental factors, has been 

demonstrated. The system has been shown to measure temperature and 

relative humidity levels within the range of 19.4°C to 31.5°C and 43%RH 

to 82%RH, respectively. 
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1. INTRODUCTION 

However, in practice mushroom cultivation often has obstacles, one of which is the environment 

that cannot be monitored properly so that the quality of the mushrooms produced is not good. Besides 

that, mushroom farmers often experience crop failure when environmental conditions are not properly 

monitored [10,11]. With the advancement of technology, the internet of things (IoT) offers an 

opportunity to develop a more efficient and reliable monitoring system for mushroom cultivation houses. 

Therefore, it is necessary to develop a mushroom cultivation system that is integrated with technology 

that can monitor the environmental conditions of the mushroom growing media so that it is always in 

accordance with their habitat. 

This article will discuss the development of an IoT-based temperature and relative humidity 

monitoring system for mushroom cultivation houses. This system utilizes state-of-the-art sensors and 

wireless communication technology to collect and transmit environmental data in real-time. The 
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collected data can be accessed remotely, allowing growers to monitor and control environmental 

conditions more effectively. The hope is, by accurately monitoring and controlling the environmental 

conditions, such as temperature and relative humidity, growers can achieve better crop yield, quality, 

and consistency. Additionally, this system can help reduce labor costs and minimize the risk of crop 

failure due to environmental factors, ultimately leading to a more sustainable and profitable mushroom 

cultivation industry. 

 

2. SYSTEM DESIGN 

This temperature and humidity monitoring tool is designed with a sensor device with a simple 

microcontroller and uses the Internet of Things (IoT) protocol. In more detail this system is described 

as follows. 

2.1. System Overview 

This temperature and humidity monitoring tool that was developed simply consists of several 

components, namely components of sensors, displays, microcontrollers, and wireless communication 

modules. Here, the sensor will sense the environmental conditions of the mushroom cultivation room. 

The sensor reading results will be displayed on a simple display screen near the device, and the data will 

be sent to the cloud server via the internet. Later, users will be able to see directly the results of sensor 

readings through the dashboard on the web page. 

The working scheme of this system is shown in the block diagram in Figure 1 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Block diagram of the proposed monitoring system 

As shown in Figure 1, the sensor will sense the environmental conditions according to the 

parameters of temperature and relative humidity (RH) and transmit it to the microcontroller device. 

Here, the microcontroller will send data based on the I2C protocol to be displayed on the liquid crystal 

display (LCD). In addition, the microcontroller also sends data on the internet network via WiFi to the 

cloud and web server, to then display the sensor readings on the dashboard on the web page directly. 

2.2. System Architecture 

The design of this IoT-based temperature and humidity monitoring system encompasses a 

comprehensive structure that comprises several essential components, each of which serves a specific 

function and contributes to the overall functionality of the system. The architecture of this system 

consists of several constituent components, which are described in Table 1.  
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Table 1. Components Used in Sensor Board and Control Board 

No. Components Remarks 

1 NodeMCU ESP8266 Microcontroller and UART 

WiFi Module 

2 DHT11 Temperature and relative 

humidity sensor 

3 LCD I2C Display 

4 Micro USB Power circuitry 

5 Adapter 220 V (AC) to 5 V (DC) 

As described in Table 1, the system comprises a NodeMCU ESP8266, which serves as both the 

microcontroller and the UART WiFi module. This low-cost microcontroller is widely used in IoT 

applications due to its compact size and built-in WiFi capabilities. The DHT11 temperature and relative 

humidity sensor is used to measure the temperature and relative humidity of the mushroom cultivation 

house environment, providing growers with accurate environmental data. The LCD I2C display serves 

as a visual interface that displays the current temperature and relative humidity data collected by the 

DHT11 sensor. The use of the Micro USB and the adapter, a 220 V (AC) to 5 V (DC) power adapter, 

provide the necessary power to the system. 

These components are assembled on the board as shown in Figure 2.  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Wiring diagram of the temperature and humidity monitoring system on the NodeMCU module 

The assembly of the five components, including the NodeMCU ESP8266, DHT11, LCD I2C, 

Micro USB, and Adapter, on the board as shown in Figure 2 enables the creation of a reliable and 

efficient IoT-based monitoring system for mushroom cultivation houses. The compact and streamlined 

design of the board ensures ease of use and integration with existing cultivation house infrastructure. 

2.3. Cloud Configuration 

The cloud used in this research is Thinger.io. This platform provides a ready to use cloud service 

for connecting devices to the Internet to perform any remote sensing or actuation over the Internet [12]. 

How Thinger.io works is shown in Figure 3. 
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 Figure 3. Mechanism of data transfer from device model with REST API [12] 

Thinger.io platform allows device models to be defined which are automatically converted to REST 

APIs and can be deployed from any external application in real time. 

 

3. RESULTS AND DISCUSSION 

3.1. System Installation 

The proposed system is installed in a mushroom cultivation house located in Cangkringan District, 

Sleman Regency, Yogyakarta Special Region Province, Indonesia. Sleman Regency itself is the largest 

mushroom producing area in the Special Region of Yogyakarta [2]. Here, the tool is installed in a 

mushroom house belonging to a small business private cultivator on a pole at the edge of the cultivation 

room. This installation is shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Installation of monitoring tools in mushroom cultivation house 

3.2. Data Interfacing 

The temperature and humidity monitoring system developed for mushroom cultivation rooms 

includes two types of displays: an on-site display using an LCD screen installed in the cultivation room 

and a virtual dashboard screen created on the Thinger.io platform. The LCD screen is designed to display 

the current temperature and relative humidity values based on the readings from the DHT11 temperature 

and humidity sensor, as well as an indicator showing the status of the WiFi network connection. The 

screen layout of the LCD display is depicted in Figure 5, providing users with real-time environmental 

data that can be used to adjust and optimize growing conditions for mushroom cultivation. 
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Figure 5. LCD screen display on mushroom cultivation house to display sensor readings and WiFi 

connection status 

As shown in Figure 5, the LCD display not only shows the temperature and relative humidity 

readings obtained from the DHT11 sensor, but it also displays a WiFi network connection status 

indicator, which indicates whether the device is connected to the network or not. This indicator serves 

as a helpful feature for growers, as it allows them to quickly identify any connectivity issues with the 

device, such as intermittent connection loss, and take necessary measures to resolve them. The WiFi 

network connection status indicator on the LCD display provides growers with real-time information on 

the connectivity of the device, showing whether it is currently connected or disconnected from the 

network. This feature helps ensure that the data obtained from the device is accurate and reliable, 

enabling growers to make informed decisions based on real-time data. 

In addition, sensor measurement results are also displayed on a dashboard created from the 

Thinger.io IoT platform. The dashboard displays sensor measurement results, which include 

temperature and humidity values, as well as graphs showing changes in temperature and humidity over 

the last 24 hours. Figure 6 illustrates the display of the dashboard. This allows for continuous and remote 

monitoring of the environmental conditions in the mushroom cultivation room, providing valuable data 

to ensure optimal growth conditions for mushrooms. 

 

Figure 6. Dashboard display on the developed web page 

The dashboard display created as part of this system has been evaluated by mushroom farmers who 

have reported finding it user-friendly and easy to read, allowing for easy access to the sensor 

measurement results through a web page interface. This feature enables farmers to quickly obtain 

valuable data on environmental conditions, which is essential for optimal mushroom growth. At the 

same time, the developers of this system can also continuously monitor its performance and status 

through the same platform, which can provide them with valuable information to improve the system's 

functionality and reliability. 

The user-friendly dashboard display allows farmers to obtain an overview of the current 

environmental conditions in their mushroom cultivation room, including temperature and humidity 

readings, as well as graphs depicting changes over time. The continuous and remote monitoring 

capability of the system provides real-time updates on the room's conditions, enabling farmers to quickly 
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respond to changes and take action if necessary. The ability for developers to monitor the system's 

performance through the same platform also enhances the system's reliability, as they can identify and 

address any issues that arise promptly. 

3.3. Data Measurement 

The temperature and humidity monitoring tool that has been made has been installed in the 

mushroom cultivation house. For testing purposes, the temperature and humidity monitoring tool was 

installed in a mushroom cultivation house for 7 days, from August 10, 2022 to August 17, 2022. During 

this period, the temperature and relative humidity of the mushroom cultivation room were continuously 

measured using a data logger module on the Thinger.io platform.  

To ensure the quality of the recorded data, a time step of 10 minutes was chosen to record the 

temperature and humidity levels in the mushroom cultivation house. This time step was selected because 

it is relevant to the mushroom cultivation process, where sudden changes in temperature and humidity 

can adversely affect mushroom growth. The temperature and humidity data collected were then 

presented as daily graphs, as shown in Figure 7 and Figure 8, respectively. These graphs provide a 

detailed view of the daily temperature and humidity variations, which can be useful in optimizing the 

growth conditions for mushrooms. 

 
 Figure 7. Daily graph of temperature in mushroom cultivation room 

 

 
Figure 8. Daily graph of relative humidity in mushroom cultivation room 
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According to the data presented in Figure 7 and Figure 8, the measured temperature and humidity 

in the mushroom cultivation house are in the range of 19.4 °C to 31.5 °C and 43%RH to 82%RH, 

respectively. These measurements are well within the recommended range for mushroom cultivation, 

which typically requires a temperature range of 20 to 25 °C and relative humidity between 70% to 90%. 

The accuracy and consistency of these measurements are essential to ensure optimal growing conditions 

and prevent the growth of harmful microorganisms. 

Furthermore, the measured temperature and humidity in the mushroom cultivation house are 

relevant to the local climate conditions. The temperature and humidity levels in the mushroom 

cultivation house must be monitored and controlled to compensate for fluctuations in the local climate, 

such as changes in temperature and humidity due to weather patterns or seasonality. By monitoring and 

controlling the environmental conditions in the mushroom cultivation house, growers can ensure a stable 

and consistent growing environment, regardless of external climate conditions. Overall, the data 

presented in Figure 7 and Figure 8 demonstrate the effectiveness of the IoT-based monitoring system in 

maintaining optimal environmental conditions for mushroom cultivation, even in the face of changing 

environmental conditions. 

 
4. CONCLUSION 

The design and implementation of a temperature and humidity monitoring system for mushroom 

cultivation using the IoT platform is already presented. Sensor readings in the form of temperature and 

humidity parameters obtained from the DHT11 sensor are sent to the NodeMCU ESP8266 and displayed 

on the LCD screen and virtual dashboard on a web page developed on the Thinger.io IoT platform. The 

experimental results obtained indicate that in general the system can run well and can sense, record data, 

transmit, and display data on both displays. The IoT-based monitoring system has been shown to be 

highly effective in ensuring the optimal growth conditions for mushroom cultivation, even in the 

presence of fluctuating environmental variables. Seeing its promising performance and very helpful for 

mushroom farmers, further development is needed to connect it to the sensor network and integrate it 

with the actuator system. 
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 The Multiple-Input Multiple-Output technology played a key role in the 

accomplishment of user-high data rates. In the evolution of cellular 

technology to future wireless communication and beyond, the utilization of 

millimeter waves has been projected to deliver a better performance in 

terms of capacity and latency. However, the development of this 

technology is limited by the system’s power consumption. The purpose of 

this study is to examine the impact of clustered channels utilization in terms 

of spectral and energy efficiency. In this paper, we study the performance 

of clustered-based channel using multiple antennas by evaluating the 

spectral efficiency, throughput, and energy efficiency in macrocell (UMa), 

microcell (UMi), indoor office, and indoor shopping mall scenarios. The 

simulation result shows that the performance of the system in the UMi type 

of environment scenario outperforms other scenarios in which 90% of 

bandwidth utilization reaches 24 bits/s/Hz. Furthermore, the result shows, 

in UMi deployment, the increase of spectral efficiency is in line with the 

escalation of the number of antennas and transmit power, which achieves 

the best spectral utilization at 16x40 antennas and 10 dB, respectively. 

However, these scenarios consumed most power among others, which is 

the trade-off of the system.  
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1. INTRODUCTION 

The amount of communication traffic carried by the wireless network has been significantly 

increasing, which includes and is not limited to video streaming services, online gaming, instant 

messaging, and Voice over Internet Protocol (VoIP). These types of services are highly dependent on 

the reliability of the network connectivity which is supported by Multiple-Input Multiple-Output 

(MIMO) technology. The MIMO technology enables the communication system to transmit several 

signals from multiple antennas as transmitters and receivers, in a single radio channel [1]. To add more, 

as cellular technology has moved to 5G, the use of millimeter waves will open the opportunity to achieve 

multi-Gigabit-per-second [2,3]. The spectrum of millimeter waves technically ranges from 30 to 300 

GHz. With smaller wavelengths, the traffic transmission through millimeter waves may use a new spatial 

processing technique that can provide greater capacity. However, communication through millimeter 

waves requires a new understanding of channel propagation as the behavior of the channel is different 

from the currently used frequency spectrum, ranging from 700 MHz to 2.6 GHz [4].  

Similar to spectrum frequency as a scarce resource, the availability of energy resources is also one 

of the main concerns of cellular technology development. The limitation of energy resources is 

unavoidable causing the restriction to bandwidth expansion [5,6]. Therefore, it is essential to investigate 
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the performance of wireless communication in the relation to the system energy usage. Better schemes 

of power consumption is continuously worked on to achieve more efficient energy usage. 

Several works have been conducted related to utilizing millimeter waves in 5G communication. 

The feasibility of utilizing millimeter waves in 5G communication has been put forward by [6] and the 

technical aspect of millimeter utilization has been discussed in [7, 8, 9, 10]. Jijo et al. has done a 

comprehensive study on the challenges of 5G millimeter wave [11]. The propagation parameters and 

channel models for understanding millimeter wave propagation are investigated by [12, 13, 14]. The 

statistical procedure for generating a clustered MIMO channel model operating at a millimeter wave is 

proposed in [15]. The study to find the comparison between energy efficiency and spectral efficiency in 

a heterogeneous network is conducted by [16, 17, 18, 19, 20]. However, the study of energy and spectra 

on clustered-based channels is still lacking. At this point, it is important to also investigate the 

relationship between energy and spectral efficiency in a clustered MIMO network operating in 

millimeter waves, which is the main purpose of this work. 

 

2. RESEARCH METHOD 

The work of this study focuses on the performance evaluation of the channels propagation of 

clustered MIMO channel operating at millimeter waves, concerning spectral efficiency and energy 

efficiency. The research is conducted by simulating the MIMO channel matrix for linear time-invariant 

clustered channel model, along with their path loss components. Next, the achievable user rate can be 

obtained and the spectral efficiency of the system can be measured. Finally, after measuring the 

throughput and power consumption, the system’s energy efficiency is accomplished.  

2.1. Clustered MIMO Channel Model 

MIMO array is commonly spacious in size, especially massive MIMO which consists of more than 

eight antennas to offer benefits to multiple simultaneous users. Consequently, as mentioned in [21], a 

certain amount of cluster paths of the MIMO channel are only visible to some parts of the array, referred 

to as non-common clusters. However, there are also cluster paths that contain all the signal paths from 

the whole multiple antennas, namely common clusters. As shown in Figure 1, a single cluster consists 

of several signal rays and there can be several clusters for an instantaneous time frame. Multipath 

clusters are defined as propagation paths that have similar angles and delays [21]. 

Figure 1. Illustration of clustered-based MIMO channel 

In this work, the simulation environment is built based on the work by [15] which consists of a 

MIMO network with several multiple antennas, 𝑁𝑇𝑋 and 𝑁𝑅𝑋 , as the number of transmitter antennas, 

and receiver antennas, respectively. During the transmission of the signal, there will be several channel 

clusters, 𝑁𝑐𝑙 , and each cluster contains several 𝑁𝑟𝑎𝑦 signal paths. The propagation environment is the 

combination of Line of Sight (LOS) components and Non-LOS (NLOS) components associated with 
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distinct scatters. On the user’s side, when there is a communication link from the BS to the user, i.e. 

downlink communication, a signal which arrived at the user fashions an azimuth angle and elevation 

angle, denoted by 𝛷𝑖,𝑙
𝑟  and 𝜃𝑖,𝑙

𝑟 , respectively, for 𝑙𝑡ℎ signal ray and 𝑖𝑡ℎ cluster. When the user’s mobile 

phone transmits signals to the BS, the signals also form an azimuth angle and elevation angle, denoted 

by 𝛷𝑖,𝑙
𝑡  and 𝜃𝑖,𝑙

𝑡 . The linear-time-invariant channel matrix, 𝑯(𝜏), can be written as: 

𝑯(𝜏) =  𝛾 ∑ ∑ 𝛼𝑖,𝑙√𝑃𝐿(𝑓, 𝑟(𝑖,𝑙))𝒂𝑟(
𝑁𝑟𝑎𝑦

𝑙=1

𝑁𝑐𝑙
𝑖=1 𝛷𝑖,𝑙

𝑟 , 𝜃𝑖,𝑙
𝑟 )  ×  𝒂𝑡

𝐻  (𝛷𝑖,𝑙
𝑡 , 𝜃𝑖,𝑙

𝑡 )ℎ(𝜏 − 𝜏𝑖,𝑙) + 𝑯𝐿𝑂𝑆(𝜏)                     (1) 

Where 𝛾 is a normalization factor to linearly scale signal power with the product of 𝑁𝑅𝑋𝑁𝑇𝑋 , whose 

value is based on [22]. 𝛼𝑖,𝑙 is the complex path gain, 𝒂𝑟(𝛷𝑖,𝑙
𝑟 , 𝜃𝑖,𝑙

𝑟 ) and 𝒂𝑡
𝐻  (𝛷𝑖,𝑙

𝑡 , 𝜃𝑖,𝑙
𝑡 ) are the normalized 

array response vectors evaluated at the corresponding angle of arrival and departure signal, respectively. 

ℎ(𝜏 − 𝜏𝑖,𝑙) is the 𝜏𝑖,𝑙 delayed version of channel response which is attained by a convolution between 

the channel baseband of transmit waveform, ℎ(𝑇𝑋)(𝑡), and the channel baseband of the receive filter 

signal waveform ℎ(𝑅𝑋)(𝑡). 𝑃𝐿(𝑓, 𝑟(𝑖,𝑙)) is the path loss (PL) associated with the (𝑖, 𝑙)-th propagation 

path, which will be specified in the next section. 𝑯𝐿𝑂𝑆(𝜏) is the channel matrix for the LOS condition, 

which is written as [15]: 

𝑯𝐿𝑂𝑆(𝜏) = 𝐼𝐿𝑂𝑆(𝑑)√𝑁𝑅𝑋𝑁𝑇𝑋𝑒𝑗𝜂√𝑃𝐿𝐿𝑂𝑆𝒂𝑟(𝛷𝐿𝑂𝑆
𝑟 , 𝜃𝐿𝑂𝑆

𝑟 ) ×  𝒂𝑡
𝐻 (𝛷𝐿𝑂𝑆

𝑡 , 𝜃𝐿𝑂𝑆
𝑡 )ℎ(𝜏 − 𝜏𝐿𝑂𝑆)            (2) 

With 𝜂 is uniformly distributed phase, 𝑃𝐿𝐿𝑂𝑆 is the attenuation of a signal transmitted from the 

transmitter and receiver without the existence of obstructions, which is called free space loss (FSPL). 

𝐼𝐿𝑂𝑆(𝑑) is a parameter that indicates if there is a LOS link between BS and the user. The setting 𝑝 is the 

probability of LOS link occurrence, which will give 𝐼𝐿𝑂𝑆(𝑑) = 1. The existence of the LOS link will 

depend on the deployment scenarios. In this paper, the scenarios are simulated for four different types, 

i.e. Urban Macrocellular (UMa), Urban Microcellular (UMi), Indoor Hotspot (InH) Office, and InH 

Shopping Mall. The value of 𝑝 for each scenario follows [23] which is written in Table 1. 

Table 1. Calculation of 𝑝 for different scenarios 

UMa 
𝑝 = (𝑚𝑖𝑛 (

18

𝑑
, 1) (1 − 𝑒−

𝑑
63) + 𝑒−

𝑑
63) , 𝑓𝑜𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟 ℎ𝑒𝑖𝑔ℎ𝑡 = 1 𝑚𝑒𝑡𝑒𝑟 

UMi 
𝑝 = 𝑚𝑖𝑛 (

20

𝑑
, 1) (1 − 𝑒

−𝑑
39 ) + 𝑒

−𝑑
39  

InH 

𝑝 = {

1, 𝑑 ≤ 1.2

𝑒−(
𝑑−1.2

4.7
), 1.2 ≤ 𝑑 ≤ 6.5

0.32𝑒−(
𝑑−6.5
32.6

), 𝑑 ≥ 6.5

 

where 𝑑 is the distance between the transmitter and the receiver. 

2.2. Path Loss Model 

Path loss is defined as the signal power lost due to the dissipation of the transmitter power and the 

effects of the propagation channel [24, 25]. The simplest path loss model for signal propagation is FSPL 

which the signal propagation path between transmitter and receiver forms a straight line, without any 

obstacles. The other common path loss models are the Ray-tracing model and the empirical model. The 

ray-tracing model depends on the geometry and the dielectric properties of the region where the signal 

propagates. The empirical model is built upon the realistic measurement of the indoor and outdoor 

propagation channels. 

As the technology of wireless communication is continuously evolving, the path loss model for 5G 

communication is also developed. The channel models for the 5G network for frequency up to 100 GHz 

has been derived [23]. The path loss model for the system that is used in this work is a close-in free 

(CIF) space reference distance model with frequency-dependent path loss exponent [23, 26], given by: 

𝑃𝐿(𝑓, 𝑟(𝑖,𝑙))[𝑑𝐵] =  𝐹𝑆𝑃𝐿 (𝑓, 1 𝑚) + 10𝑛 (1 + 𝑏 (
𝑓−𝑓0

𝑓0
)) 𝑙𝑜𝑔10 (

𝑟(𝑖,𝑙)

1 𝑚
) + 𝑋𝜎              (3) 
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Where 𝑃𝐿(𝑓, 𝑟(𝑖,𝑙)) is the path loss for cluster 𝑖-th and array 𝑙-th, 𝐹𝑆𝑃𝐿 (𝑓, 1 𝑚) is the free space 

path loss (FSPL) for d is 1 meter, 𝑛 is the path loss exponent, 𝑏 denotes the system parameter that 

captures the slope, 𝑓0 is the reference frequency, 𝑟(𝑖,𝑙) is the path length for a signal path in cluster 𝑖-th 

and array 𝑙-th, and 𝑋𝜎 is the shadow fading in dB. 𝑟(𝑖,𝑙) is calculated based on the geometrical properties, 

depending on the height of  BS and user’s terminal.  

The values for the parameters in (3) for each scenario are based on the previous related works [23], 

[26], as presented in Table 2. 

Table 2. Model Parameters for Different Scenarios 

Scenario Value Parameter 

𝒏 

Value Parameter 

𝒃 

Value Parameter 

𝒇𝟎 

Value Parameter 

𝑿𝝈 

UMa 3.0 0 49 GHz 6.8 dB 

UMi 3.19 0 49 GHz 8.2 dB 

InH Office 3.19 0.06 24.2 GHz 8.29 dB 

InH Shopping Mall 2.59 0.01 39.5 GHz 7.40 dB 

 

2.3. Spectral Efficiency 

Based on [27], spectral efficiency is defined as the average number of bits that can be transmitted 

per complex-valued sample, measured in bit/s/Hz. For the complex-baseband signal representation, 𝐵 

complex-valued samples per second are legitimate [28]. The maximum spectral efficiency is determined 

by the channel capacity which relates to the information rate of the system. 

The baseband equivalent of the received signal at time sampling 𝑛 is written as [15]: 

𝒓(𝑛) = ∑ 𝑫𝐻𝑯(𝑙)𝑸𝒔(𝑛 − 𝑙) + 𝑫𝑯𝒘(𝑛)𝑃−1
𝑙=0                                                                                 (4) 

Where 𝑃 is the length of the channel, 𝑫 is the combining matrix and 𝑸 is the precoding matrix. The 

dimension of 𝑫 and 𝑸 depend on the dimension of antenna elements in the BS and the user’s terminal, 

respectively. 𝒔(𝑛) is the vector of the data symbol, transmitted from the BS at the time 𝑛, with the 

dimension of 𝑀 the number of information symbols. 𝒘(𝑛) is the additional noise vector. To obtain the 

estimation of 𝒔(𝑛), i.e. 𝑠̂(𝑛), the Linear Minimum Mean-Squared Error (LMMSE) using a matrix 

estimator 𝑬, which aims to minimize mean-squared error (MSE) 𝔼‖𝒔(𝑛) − 𝒔̂(𝑛)‖2. 𝒔̂(𝑛) can be written 

as 𝒔̂(𝑛) = 𝑬𝐻𝑨𝒔(𝑛) + 𝑬𝐻𝑨𝐼𝒔𝐼(𝑛) + 𝑬𝐻𝑩𝒘. The first term contains 𝑨, as the desired symbols. The 

second term consists of 𝑨𝐼  and 𝒔𝐼(𝑛) are a signature matrix and the symbol, respectively, appeared due 

to interference. The third term is the noise component. The information rate at the user’s terminal is 

expressed as [15], [29]: 

ℛ = 𝑙𝑜𝑔2𝑑𝑒𝑡 [𝑰𝑀 + |𝑬𝐻 (
𝑃𝑇

𝑀
𝑨𝐼𝑨𝐼

𝐻 + 𝜎𝑁
2𝑩 𝔼[𝒘(𝑛)𝒘𝐻(𝑛)𝑩𝐻]) 𝑬|

−1
(

𝑃𝑇

𝑀
𝑬𝐻𝑨𝑨𝐻𝑬)]              (5) 

Where 𝑃𝑇 is the transmit power and 𝑩 is the available bandwidth. By normalizing the user’s 

information rate to the bandwidth 𝑩, the achievable spectral efficiency can be obtained. 

2.4. Energy Efficiency 

“The energy efficiency of a cellular network is the number of bits which can reliably transmitted 

per unit energy” [27]. The energy efficiency can be measured by: 

Energy Efficiency (bit 𝐽𝑜𝑢𝑙𝑒⁄ ) =  
𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ×𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑏𝑖𝑡 𝑠⁄ )

𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑊𝑎𝑡𝑡)
                    (6) 

Equation (6) shows that the energy efficiency indicates the efficiency of delivering bits from the 

transmitter and the receiver. The power consumption (PC) of the system is calculated by [27]: 

𝑃𝐶 = 𝐸𝑇𝑃 + 𝐶𝑃                                                                                                          (7) 

Where 𝐸𝑇𝑃 is effective transmit power, i.e. transmit power of the BS, and 𝐶𝑃 is the circuit power. 

In this work, the 𝐶𝑃 model of a BS follows [27] which is composed of power consumption of fixed 

power, transceiver chains, channel estimation, signal processing, coding/decoding, load-dependent 
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backhaul, and signal processing. The values of those parameters are based on [27] for the MMSE 

scheme. The total 𝐶𝑃 in single cell MMSE is 26.51 Watts for 100 multiple antennas. 

 

3. RESULTS AND DISCUSSION 

This section provides the simulation results of the system model described in prior. In this work, 

we consider 73 GHz carrier frequency and there are 6 data symbols in each transmission. In the Uma 

scenario, the height of BS ℎ𝑇𝑋, is 30 meters, and the height of the user’s terminal, ℎ𝑅𝑋, is 1 meter, and 

𝑑 is 60 meters. For UMi, InH Office, and InH Shopping Mall scenario, ℎ𝑇𝑋 is 7 meters, ℎ𝑅𝑋 is 1 meter 

and 𝑑 is 5 meters.  

Figure 2 presents the Cumulative Distribution Function (CDF) of the spectral efficiency for four 

different scenarios simulated in this work when the user’s terminal has 20 multiple antennas and there 

are 40 multiple antennas in the BS. It can be observed that the spectral efficiency of UMi scenario 

outperforms other scenarios. In UMi deployment, 90% of bandwidth utilization reaches 24 bits/s/Hz. 

However, those value is not much different for the InH Shopping Mall scenario. In the scenario of InH 

Office, there is around 18 bits/s/Hz for the same portion of bandwidth usage. The last performance 

occurs in the UMa scenario in which 90% of users receive around 7 bits/s/Hz, and achieve only 10 

bits/s/Hz at maximum. The distinguished performance of the UMi deployment can be the result of a 

shorter range of BS’s transmit power hence the propagation is less. While for indoor deployment, the 

performance is influenced by the walls blocking the signals and the materials of the building. 

The performance of the clustered-based channel is also evaluated by varying the number of antenna 

elements having a UMi scenario. In Figure 3, it can be observed that as the amount of antenna elements 

increases, the user is able to achieve a higher data rate. For 16x40 MIMO, the user’s achievable rate is 

the highest as many as 17 Mbps, compared to other MIMO schemes. The increase of user data rate in 

this work is similar to the spectral efficiency performance in [15], in which the rise of spectral efficiency 

is in line with the increment of the number of antennas. However, for a 16x40 MIMO scenario, the 

energy efficiency only reaches around 1 Mbit per Joule, which is the lowest performance. By using 

16x16 MIMO, the system is able to perceive the most efficient energy usage with 1.5 Mbit per Joule. 

This happens in line with the fact that the system power consumption escalates in magnitude as the rise 

of number of antenna elements. Although the user’s rate can be improved by adding multiple antennas, 

the efficiency of the energy in power usage will be the trade-off. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. CDF of spectral efficiency for different deployment scenarios  
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Figure 3. Energy efficiency as a function of achievable user rate for different number of antenna elements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Energy efficiency versus spectral efficiency for different cases of BS transmit power 

Figure 4. presents the spectral and energy efficiency considering different schemes of transmit 

power with fixed 40x40 antenna elements in MIMO. With higher power transmitted by the BS, the 

spectral efficiency also scales up as the user experiences a better information rate. Among various values 

of transmit power simulated in this work, using 8 dB transmit power results in a spectrum efficiency of 

48 bit/s/Hz which outperforms other transmit power schemes, while having around 1.3 Mbit per Joule 

which is not much different when using 0 dB and 7 dB transmit power. This result is similar to the one 

conducted by [30] which for higher transmit power there is a trade-off between spectral and energy 

efficiency for cell-free massive MIMO. However, the simulation conducted in this study does not 

include the velocity of moving users which is the limitation of this work. 

  

4. CONCLUSION 

This research is conducted to investigate the performance of the cluster-based channel in the MIMO 

system operating in millimeter waves in terms of spectral and energy efficiency. Based on the simulation 

on UMa, UMi, InH Office, and InH Shopping Mall scenarios, the deployment of the clustered channel 

on UMi has the best performance where 90% of users can achieve 24 bits/s/Hz spectral efficiencies, 
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which can be caused by the shorter range of BS’s transmit power. Moreover, by controlling several 

system parameters in the simulation including schemes of environment type, the number of antenna 

elements in MIMO, and the power transmitted by the BS, it can be concluded that there is a trade-off 

between spectral efficiency and energy efficiency. Having a good efficiency in spectrum utilization, 

there will be the price in the low efficiency of energy usage. However, by increasing the number of 

antennas and BS transmit power, the performance of energy efficiency does not always surpass those 

with lower power, as shown in the simulation result above that by using 16x40 MIMO antennas and 10 

dB transmit power, the performance of energy efficiency is the least among others. Hence, this research 

has contribution in the selection of values of related parameters considered when designing the cluster-

based channel MIMO system. 
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 An induction motor is an electric motor that works based on induction 

currents. In general, induction motors are more used in the industry than 

DC motors due to the characteristics of induction motors, which are robust, 

reliable, easy to maintain, and relatively inexpensive. Rotational speed 

changes with load changes can lead to induction motor speed regulation, 

and slowing response time, but overshoot caused by external 

environmental factors should be minimized. Due to interference, a 

controller is needed that can work properly to optimize performance. The 

purpose of this research is to design a Kanno PD Fuzzy DTC controller that 

provides a fast and strong response on DTCs mounted on AC motors. 

Based on the research result obtained Fuzzy Sugeno provides a short 

computation time and its inference contains enough data and PD to speed 

up reaction time results. Therefore, the proposed method produces the 

rotational speed of the induction motor according to the specified settings 

of 100 rad/s with a settling time of 0.45 s, a rise time of 0.2 s, and no steady-

state error. Based on the predicted state of the output response before it is 

sent to the controller, the steady-state error is obtained at 5 rad/s with a 

maximum overshoot of 5.4111%, a settling time of 0.1554 seconds, and a 

rise time of 0.1554 seconds. 
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1. INTRODUCTION  

Since the 19th century, induction motors have undergone improvements to the present. These 

improvements are made so that the operation works more optimally, for example by operating it as a 

synchronous-asynchronous machine, changing the number of poles in the stator winding, controlling 

with electronic systems, and so on [1]. Progress in the industrial sector in our country is growing rapidly, 

both large and small industries. Large industries use induction motors, because of their simple 

construction, robustness, relatively easy maintenance, lighter weight, high efficiency, and low cost 

compared to other motors such as DC motors. In an induction motor, there is no contact between the 

stator and the rotor except the bearing, then the power is quite large, the electric power is low and there 

is almost no maintenance [2,3]. In directing the speed of an induction motor at a decent speed and 

variable speed, frequency or torque is needed [4]. The power converter is used to set the induction motor 

parameters so that the motor speed can be affected by setting the input motor parameters [5]. 

Efforts to improve the limitations of the alternating current motor for control purposes consist of 

two methods, namely scalar and vector settings. In this study, the authors used vector control, in which 
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the vector control method to separate the flux from the rotor so that the speed control could work in a 

steady state and could not only adjust the speed angle and magnitude, but also the current, voltage, and 

flux [6]. This 3-Phase induction motor has a weak point, namely one of them, if it is disturbed, the speed 

is not constant. Giving this disturbance will cause changes in motor parameters so that the speed of the 

induction motor drops and does not reach the setpoint value [7,8]. 

To make the motor speed stable or have good performance, requires a controller to regulate the 

speed of a 3-Phase induction motor. There is research on 3-Phase induction motors that have been carried 

out, one of which uses DTC-based Fuzzy but there is still an overshoot of 2.67% with a rise time of 

0.025 seconds and a settling time of 0.2 seconds When the motor changes, the rotation reference 

becomes 74.51 rad/second with of 12.64 N-m occurs 94.6% overshoot, rise time 0.018 seconds and 

settling time 0.325 seconds [2]. In this study, there is still an overshoot and it is still oscillating, but the 

overshoot when the rotation reference changes occur is very large. In another study using the Flux Vector 

Control method based on PI Self Tuning. In this study, controlling the speed of an induction motor using 

a self-tuning PI controller for quadrature currents was able to reduce the motor speed overshoot from 

132.8 rad/s to 119.2 rad/s [3]. So in this study, there is still overshoot, but the overshoot using self-tuning 

pi is smaller than the overshoot with conventional PI. 

In another study, 3-Phase induction motors have been studied using Fuzzy Mamdani based on field-

oriented control methods. In this study the test results and responses showed that the settling time was 

around 0.27 seconds, the rise time was around 0.29 seconds, the overshoot was around 2.7%, the 

undershoot was 0.5% and the steady state error was around 2% [7]. So in this study, there is still a fairly 

large overshoot and the steady state is close to 0. DTC is a control method based on adjusting the 

magnetic flux and stator torque and provides a fast and powerful response installed in AC motors. DTC 

was proposed by Isao Takahashi and Toshihiko Noguchi in 1980. DTC has easier construction, less 

computational requirement, and higher performance and execution. The DTC method makes it possible 

to directly set the switching conditions on the inverter with Space Vector Modulation. Even so, the 

conventional DTC setting scheme still uses a PI controller so that if there is a change in the load on the 

motor, the motor's speed response will decrease, not according to the given reference speed. [9]. 

As for the research regarding 3-Phase induction motors using DTC modeling, namely in this study 

the DTC controller settings can provide the performance is quite good where the overshoot and steady 

state are close to 0 and the rise time and settling time are quite fast but in this study oscillations still 

occur [10]. According to Cox (1994), there are several reasons why Fuzzy logic is used is because the 

idea of Fuzzy logic is easy, fully customizable, can bear wrong information, can show very complex 

nonlinear capabilities, and can help. usual control methods and given the normal language [11]. In Fuzzy 

logic there are usually several methods, namely the Mamdani method and the Sugeno method, However, 

in this study, the authors wanted to use Fuzzy Sugeno because the calculation time was short and the 

reasoning included quite extensive data [12]. 

Research using the Sugeno Fuzzy controller is a comparison between Fuzzy Sugeno and Fuzzy 

Mamdani on DC motors that do not have overshoot and to reach a set point, and when compared to 

computing between Fuzzy Sugeno and Mamdani to reach a steady state, Fuzzy Sugeno is faster. 

However, to reach the steady state mean (SE), Mamdani is faster than Sugeno and the delta error 

Mamdani is more stable than Fuzzy Sugeno.[12] In the research above, Fuzzy Sugeno has been able to 

get good results, but to further optimize better results, in this study adding a PD controller to speed up 

the system response in reaching the set point [13]. Based on the background description above, the 

authors are interested in conducting research using the Fuzzy Sugeno-PD DTC control for controlling 

3-Phase induction motors. 

 

2. RESEARCH METHOD  

The flow of research begins with literature study, problem identification, data collection, variable 

determination in the form of transfer functions of 3-Phase induction motor systems, validation of 

mathematical models, designing DTC controllers, Fuzzy Mamdani controllers, combining DTC 

controllers, Fuzzy Mamdani with PD, analyzing the design results controller and the last is to draw 

conclusions based on the results of the research. 
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2.1 3-Phase Motor Induction 

3-Phase induction motor is one of the motors in which an electric device converts electrical energy 

into mechanical energy with the converted electric power being 3-Phase electricity. This 3-Phase 

induction motor is quite widely used in today's industries and has also been used in households. This 

machine is used because it is very strong, and straightforward and the price is relatively cheap. 

According to the findings of experts towards the end of the 19th century, it is said to be an induction 

motor because the motor rotor current is an induced current as a result of the difference between the 

rotor rotation and the rotating field generated by the stator current. In general, there are 2 main 

construction parts in an induction motor, namely the stator and the rotor. The stator is the stationary part 

and the rotor is the rotating part. The construction of an induction motor can be seen in Figure 2.1 [1].  

 

Figure 1. General structure of an ac motor 

2.2 Mathematical Modeling 

Table 1 is the parameter values that will be used to calculate the mathematical model of a 3-Phase 

induction motor.  

Table 1. Parameter 3-Phase induction motor [25] 

No Name  Value 

1 Motor Power (Hp) 3/2,4 Kw 

2 Motor Voltage (line to line)(Volt) 460 

3 Frekuensi (Hz) 60 

4 Nomber Of Pole 4 

5 Stator Resistance(Ohm) 1,77 

6 Tahanan Resistance (Ohm) 1,34 

7 Sator Inductance(mH) 0,3829 

8 Rotor Inductance (mH) 0,3811 

9 Magnetic Inductance (mH) 0,369 

10 Moment of Inertia (Kg.M2) 0,025 

11 Full Load Current (A) 4 

12 Full Load Speed (RPM) 1750 

13 Full Load Efficiency (%) 88,5 

14 Power Faktor (%) 80 

15 Full Load Slip (%) 1,72 

After doing the writing research, a mathematical model of the plant was obtained, especially the 

induction motor so that it tends to be simulated by the plant and the quality of the plant in the product 

used. The mathematical model of the induction motor used in this design can be obtained from formula 

(1). Equation (1) needs to be simplified again so that the simulation in Matlab is easy to manufacture. 

The simplification process is: 

[
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A separation is made between variables that contain their derivatives, so that the form of the 

equation becomes: 
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In another form, the above equation can be as follows: 
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The above equation can be formed more simply, namely: 
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If you want to find the current value, the formula above becomes: 

d

dt

[
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+ Q−1
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                                            (7) 

2.3 Fuzzy Logic 

In 1965, Lotfi A. Zadeh invented an intelligent control system, namely Fuzzy logic. the Fuzzy 

function is to distinguish a set according to the degree of membership from an uncertain boundary. This 

set theory is the development of a firm set theory that is created from the way humans understand an 

uncertain value. Fuzzy membership values are not only worth 0 or 1 but also produce a value that lies 

between 0 and 1. The Fuzzy structure can be seen in Figure 2.6 where the Fuzzy control design is divided 

into three stages, namely fuzzification, Fuzzy reasoning systems, and defuzzification [20]. 
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Figure 2. The general structure of the system based on Fuzzy altural calculations 

2.4 Direct Torque Control (DTC) 

DTC is a control method used to base the adjustment of the magnetic flux and stator torque and 

provides a fast and robust response for AC motors. The block diagram of the three-false induction motor 

DTC system is shown in Figure 3. 

 
Figure 3. Diagram of a 3-Phase induction motor DTC system 

2.5 Proportional and Derivative (PD) Control 

PD control is a commonly used control system where each has different advantages and functions. 

Proportional control functions speed up the output of the system to reach the reference point by 

amplifying the driving error signal or error signal. Proportional control can produce an offset on the 

system by increasing the value of the proportional band or Kp. However, if the Kp value is too large, it 

will cause oscillations to arise because the system becomes unstable. P control can stand alone for 

system control. 
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Derivative control is usually called the rate controller which is symbolized by D. It is called the 

rate controller because the output on the derivative control is proportional to the rate of change of the 

error signal. 

 
Figure 4. PD control 

 

3. RESULTS AND DISCUSSION  

The reference value for the stator flux is set at 1.46, while the reference value for speed is 100 rad/s. 

This speed reference value will later be used as a reference for the desired output response value of the 

system. The simulation response results are in the form of electromagnetic torque response, rotor speed, 

and estimated flux. 

3.1 Results and Analysis of 3-Phase Induction Motor Speed System with DTC Controller 

To analyze the output response of a 3-Phase induction motor system using DTC, it is necessary to 

do a simulation test first and in this circuit the reference value is 100 rad/s. 

 

Figure 5. DTC control system output graph on 3-Phase induction motor 

The rise time for a 3-phase induction motor with this trouble code is 0.0615 seconds. The settling 

time (ts) for a 3-Phase induction motor using this fault code is calculated for an output response of 98%, 

an output reading of 97.1474 rad/s, and a time to reach 97.1474 rad/s of 0.113 seconds. The deceleration 

time (td) for a 3-Phase induction motor with DTC is calculated for a 50% output response, an output 

reading of 49.565 rad/s, and a time to reach 49.565 rad/s of 0.034 seconds. The steady-state error (Ess) 

is obtained from the difference between the steady-state setpoint and the steady-state output. where the 

values are 100 rad/s and 99.13 rad/s respectively. Therefore, the steady-state error value for a 3-Phase 

induction motor with DTC is 0.87 rad/s.  

3.2 Results and System Analysis of  3-Phase Induction Motor Speed with Fuzzy Sugeno DTC 

Controller  

To analyze the output response of a 3-Phase induction motor system using DTC, it is necessary to 

do a simulation test first and in this circuit the reference value is 100 rad/s. 
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Figure 6. Graph of induction motor system response with Fuzzy Sugeno and DTC controllers 

Therefore, the rise time of a 3-phase induction motor using DTC Fuzzy Sugeno is 5 seconds. The 

settling time (ts) of a 3-Phase induction motor using DTC Fuzzy Sugeno is calculated for 98% output 

response. Here the output value is 98 rad/s and the time to reach 98 rad/s is 9.15 seconds. For the 

deceleration time (td) of a 3-Phase induction motor, use the DTC with an output response of 50% when 

the output value is 50 rad/s and the time to reach 50 rad/s is 1.1 seconds.   

3.3 Results and System Analysis of 3-Phase Induction Motor Speed with Fuzzy Sugeno-PD DTC 

Controller 

Furthermore, the PD controller is added to speed up the time needed to reach the proposed reference 

value of 100 rad/s because when controlled using the DTC-Fuzzy controller it still takes a long time to 

reach its steady-state value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Graph of induction motor output using Fuzzy Sugeno-PD DTC controller 

Therefore, the rise time of a 3-Phase induction motor using the Sugano PD Fuzzy DTC is 0.2 

seconds. The settling time (ts) of a 3-Phase induction motor using DTC Fuzzy Sugeno-PD is calculated 

when the output response is 98% where the output value is 98 rad/s and the time needed to reach 98 

rad/s is 0.45 seconds. For Delay Time (td) on a 3-Phase induction motor using DTC Fuzzy Sugeno-PD, 

it is calculated when the output response is 50% where the output value is 50 rad/s and the time needed 

to reach 50 rad/s is 0.1 second. The system time response using the DTC Fuzzy Sugeno-PD controller 

can be seen in Table 4.5 which displays the values of rise time, steady time, delay time, maximum 

overshoot, and steady-state error. 
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3.4 Results and Analysis of 3-Phase Induction Motor Using DTC-Fuzzy Sugeno-PD Controller 

When Interrupted 

To determine the performance of the Sugeno-PD Fuzzy DTC controller in overcoming disturbances 

in 3-Phase induction motors where disturbances are defined as changes in voltage up and voltage down. 

The disturbance given is 10% of the setpoint and the disturbance will be given at 10 seconds, then 

analyze the impact and changes in the system response from the controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Graph of induction motor output using Fuzzy Sugeno-PD DTC controller with interference 

Therefore, the rise time of a 3-Phase induction motor with a Sugeno PD Fuzzy DTC controller in 
this disturbance is 0.0268 seconds. Settling time (ts) For a 3-Phase induction motor using DTC Fuzzy 

Sugeno-PD controller with this disturbance is calculated when the output response is 98% where the 

output value is 97.9706 rad/s and the time needed to reach 97.9706 rad/s is 0.488 seconds. For Delay 

Time (td) on 3-Phase induction motor using DTC. A Fuzzy Sugeno-PD controller with disturbance, is 

calculated when the output response is 50% where the output value is 49.985 rad/s and the time needed 

to reach 49.985 rad/s is 0.1088 seconds. 

 

4. CONCLUSION 

 Conclude, based on the simulations performed and response analysis, that by using the Sugeno-

PD DTC Fuzzy controller on a 3-Phase asynchronous motor, the controller was able to achieve 

performance with a setpoint of 100 rad/s. I can. The settling time is 0.45 seconds, the rise time is 0.2 

seconds, and the delay time is 0.1 seconds. It can be seen that the Sugeno PD Fuzzy DTC controller can 

achieve results that match the setpoint while eliminating overshoots and steady-state errors. There is a 

5 rad/s steady-state error, a 5.4111% overshoot, and still some oscillation from the state of the planned 

output response before being fed to the controller. The state of the planned output response when 

presented to the DTC controller has a steady-state error of 0.87 rad/s and a settling time of 0.113 seconds. 

Adding the DTC controller to the Sugeno Fuzzy controller gives better results as the result reaches the 

set point in 9.15 seconds of steady-state time with no steady-state error and no overshoot. From the 

simulation results obtained, it can be concluded that studies using the Sugeno Fuzzy DTC controller can 

eliminate overshoots, oscillations, and steady-state errors. Apart from that, it is also said to be superior 

to previous studies. 

Based on the research conducted and the analysis performed on a 3-Phase induction motor using 

the Sugeno-PD DTC Fuzzy controller, the authors used the 7x7 membership function in further studies 

to estimate the resulting system response I suggest you can check if is better. 5x5 membership function. 

Alternatively, add a PID controller to further improve the output response.   
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 Toko Snack Fajar Jaya is one of the small and medium enterprises 

(UMKM) located in Surakarta. The store is selling snacks in both bulk and 

retail. The store's current system still relies on manual bookkeeping which 

causes errors and uncertainties in data management and sales reports. For 

example, the shop owner sometimes receives a monthly report that is not 

synced with the real product stock in the store. To solve these problems, a 

mobile application called Mi-POS is proposed using React Native 

framework to facilitate the development process. The application has 

functionalities to record customer transactions, view customer transaction 

history, manage product inventory, and print receipts. The development 

process of the system adopts the SDLC waterfall method. The method 

consists of several steps, starting from requirement analysis, design 

application, design interface, coding, testing, and, lastly maintenance. To 

ensure the application’s quality and effectiveness, several testing strategies 

are involved such as using Black-box Testing and System Usability Scale 

(SUS). Results from Black-box Testing showed that all the features can run 

smoothly with an error rate of 0%. Meanwhile, SUS testing showed a score 

of 63.4, which falls in the "OK and usable" category indicating that the 

application can be adapted to support users’ business activity. 
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1. INTRODUCTION  

Technology has had a significant impact on society over time, affecting not only the upper middle 

class but also the lower middle class. This is because of technology's ability to facilitate various 

activities. One example is the widespread use of Android smartphones, as said by [1], nearly 25% of the 

Indonesian population, or around 65 million people, use Android devices. Many of these users use them 

for both business and daily life [2] such as snack business. However, some individuals like the owner 

of Fajar Jaya Snack Shop, continue to rely on manual methods for tasks such as sales transactions and 

inventory management, instead of utilizing technology. This can lead to difficulties in running their 

business, as stated by [3]. 

One example of difficulties is the potential for errors when calculating the total purchase price for 

customers, particularly when buying in large quantities. These mistakes can lead to financial losses if 

not handled properly. As said by [4], using manual bookkeeping methods can lead to difficulties in 

record-keeping and can cause further issues.  
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2. RESEARCH METHOD 

The research was conducted at Fajar Jaya Snack Shop located in Surakarta. In order to gain a deeper 

understanding of the needs and requirements of the snack shop owners and cashiers, the research 

employed a qualitative approach. The data was collected through direct observation at the research site 

and interviews with the snack shop owners and cashiers. This allowed the researcher to gain a more 

subjective and personal perspective of the problems and needs of the shop owner and cashier. Then, in 

the application design, the method used is the Software Development Life Cycle (SDLC) model 

Waterfall Method. The method is adopted because of its systematic and sequential approach to software 

development and has been widely used in development [6]. The steps in this method include 

Requirement, Design, Implementation, Testing, and Maintenance. This can be seen in Figure 1. 

 
Figure 1. Waterfall Diagram 

 

2.1. Direct Observation and Interviews 

Direct observation at the research site and interviews were performed to gain a deeper 

understanding of the needs and requirements of the snack shop owner and cashier. The objective of 

direct observation was to observe the current processes of transactions that happen in the shop. The 

researcher spent several hours at the shop, observing the work of the shop owner and employees, and 

took notes on the processes and procedures used in the operation of the shop. In the meantime, interviews 

are performed to understand the experiences of the shop owner and employees during the transaction, 

using a questionnaire that covered various aspects of the business, including the types of products 

offered and the pricing. Their opinions and suggestions will be used for the development of the 

application to ensure the needs. The observation carries several findings such as the system needs two 

types of users i.e., cashier and administrator. It requires one database server to store the product and 

transaction record and also a Bluetooth printer to print the customer transaction receipt.  

2.2. Requirement 

The initial step is to identify the functional and non-functional requirements after gathering all 

necessary data. Functional requirements refer to the features and functions that the system should have, 

as per [7], while non-functional requirements include the software and hardware needed for the system's 

development, as stated by [8]. These requirements are described in Table 1. 

Table 1. Requirement Analysis 

No Requirement Description 

1 Functional • Admin can create, change and/or delete cashier accounts. 

• Admin can create receipts. 

• Admin can create, view, change and/or delete items. 

• Admin can view and delete transaction history. 

• Cashier can create receipts. 

• Cashier can view items. 

• Cashier can view transaction history. 

• Cashier can change their account password. 

2 Non-functional • The application is run on an Android device. 

• The application is made on a computer. 

• The application can print receipts. 

• The application is designed with a default computer program. 

• The application is made with the React Native framework. 

• Writing application code using Visual Studio Code. 
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2.3. System Design 

1. Use Case Diagram and Activity Diagram 

According to [9], the use case diagram contains an explanation of the interactions that actors can 

have with the application. This designed application has two actors, namely the admin, and the cashier. 

Meanwhile, then Activity Diagram contains the system workflow of an application. This is as said by 

[10], this diagram describes the system process that users can do. This can be seen in Figure 2. 

   

Figure 2. Use Case Diagram, Admin and, Cashier Activity Diagram 

2. Entity Relationship Diagram (ERD) 

An Entity Relationship Diagram (ERD) is a description or modeling of the relationship between 

one entity and another. This diagram helps to plan the database that will be used in the application later 

[11]. This is explained in the following Figure 3. 

3. Mockup 

Mockup is a representation of the application interface, and Balsamiq Mockup software will be 

used because it is a popular choice among developers [12]. In addition, according to [13], this software 

offers a variety of templates to aid. The interface that will be developed is divided into 5 sections. 

a. Login page and dashboard page 

The login page is the initial page that distinguishes the type of account. Once the user has logged 

in, the dashboard page appears, which contains a menu of features, as depicted in Figure 4. 
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Figure 3. Entity Relationship Diagram 

 

 
Figure 4. Login Page and Dashboard Page Mockup 

 

b. Receipt Page 

The page allows creation a receipt/transaction that will be printed and stored in the database. No 

functional restrictions between admin and cashier accounts, as seen in Figure 5. 

 
Figure 5. Receipt Page Mockup 

c. Snack Page 

The snack page allows for the management of snack items, including adding, editing, and deleting. 

There is a difference in access between admin and cashier accounts, where the admin has full control 

over the snack items, while the cashier account is limited to viewing the items. This can be seen in 

Figure 6. 
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Figure 6. Snack Page Mockup 

d. Report Page 

The report page contains transaction history. There is a difference in access between admin and 

cashier accounts, which the admin has full control over, such as deleting while the cashier account is 

limited to viewing. This can be seen in Figure 7. 

            
Figure 7. User Page and Report Page Mockup 

e. User Page 

This page is used to manage or manipulate user data. In the admin account, there are features to 

add, edit, and delete cashier accounts and change their passwords. However, in the cashier account, you 

can only see your username and change your password. This can be seen more clearly in figure 7. 

2.4. Implementation 

The next step is about creating the application using the modeled system design. This starts with 

creating an SQLite format database, which is used because it provides better performance than other 

Android databases such as Firebase [14]. Then, React Native framework is used for application 

development as it allows real-time code changes and is more popular than others [15]. Visual Studio 

Code is also preferred due to its lightweight nature and features that aid development as a text editor. 

During development, an emulator with Android version 5.1.1 is used to test the application's appearance 

and functions. The outcome is a "apk" file that can be installed on an Android device. 

2.5. Testing 

After the application is made, it will be tested using Black-box Testing and System Usability Scale 

(SUS). Black-box Testing focuses on the software's functional specifications with the test data sought 

as the output as expected, while SUS is a method of usability testing using 10 scales that provide a 

comprehensive view of the user experience. The basis for the assessment of this test is obtained from 

the experience felt by the user when using the application. SUS is done in the form of an online 

questionnaire with 10 questions as can be seen in Table 2, and scores range from 0 to 100. The SUS 

score assessment can be seen in Figure 9. 

 
Figure 9. SUS Score 
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The questionnaire scores are calculated by answered score will be subtracted with 1 (q-1) from odd 

questions and on even questions, the answered score will be subtracted from 5 (5-q). The final result is 

obtained by multiplying the total points by 2.5. This method is applied to all respondents, including 25 

shop owners, cashiers, and members of the general public. 

2.6. Maintenance 

This step aims to monitor the performance of the application in the field. This step also includes 

fixing errors that were not present in the previous step.  

Table 2. Requirement Analysis 

Statement 

I think I will use this app again 

I find this app complicated to use 

I find this app easy to use 

I need help from other people or technicians in using this application 

I feel that the features of this app are working properly 

I feel there are many inconsistencies (mismatches in this app) 

I feel others will understand how to use this app quickly 

I find this system confusing 

I feel no obstacles in using this application 

I need to familiarize myself first before using this app 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

In this sub-chapter, we will discuss the results obtained from the application development process 

that has been carried out. 

1. Login Page and Dashboard Page 

 
Figure 10. Login Page and Dashboard Page 

Figure 10 shows the login page, where the user must enter a correct user id and password to access 

the system according to the account rights. After logging in, the dashboard page appears, with four 

buttons; create a note for new transactions, snack for managing snack data, report for viewing transaction 

reports, user to manage user data, and a logout button to exit the system. 

2. Receipt Page 

 
Figure 11. Receipt Page 
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Figure 11 is a receipt page where the admin user or cashier will enter the snacks that the customer 

will buy into the cart. After finishing putting it into the cart, the user will confirm first before the 

transaction is entered into the database. When the transaction has been entered, the user can print the 

receipt or create another receipt.  

3. Snack Page 

 
Figure 12. Snack Page 

Figure 12 is a snack management page for checking, adding, editing, and deleting snacks. Users on 

this page are divided into cashiers and admins with different access rights. Cashier users can only check 

snacks while admin users have full access. 

4. Report Page 

 
Figure 13. Report Page 

Figure 13 is used to check reports, and delete transactions. Checking can be done per transaction 

on the selected date, per day in a month, and per month in a year. However, deletion can only be per 

transaction and can only be done by the admin. 

5. User Page 

Figure 14 is a user page used to manage user accounts. Users on this page are divided into 2 namely 

admin and cashier. Admin users can manage users by adding, editing, and deleting cashier accounts. 

Then, the cashier user can only edit the password on his account. 

 
Figure 14. User Page 
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3.2. Testing and Discussion 

1. Black-box Testing 

The following are the results of Black-box testing conducted on the Mi-Pos mobile application. 

These tests include functionality, ease of use, compatibility, performance, and security tests. The results 

of each test are shown in Table 3. 

Table 3. Black-box Testing 

 

 

Criteria Scenario Expected results Test results 

Login Page 

Login button 

If user id and password are correct 

Users can enter the dashboard page and 

access features that match their access 

rights. 

Valid 

If user id and password are incorrect 

The system displays an error message 

and the user cannot enter the 

application. 

Valid 

Dashboard Page 

Receipt Button Pressing the create Receipt button 
Users can enter the Receipt creation 

page 
Valid 

Snack Button Pressing the snack button Users can enter the snack page Valid 

Report Button Pressing the report button Users can enter the report page Valid 

User Button Pressing the User button Users can enter the user page Valid 

Receipt Page 

Click on the 

snack name 
Pressing the snack to be made a receipt 

The system displays the Receipt input 

dialog 
Valid 

Confirm 

button 

If there is already data in the cart 
The system displays a receipt 

confirmation dialog 
Valid 

If there is no data in the cart The system displays an error message Valid 

Back to the 

main menu 

button 

Pressing the back to the main menu 

button 
Users return to the dashboard page Valid 

Snack page 

Add, edit and 

delete Snack 

button 

Pressing the add, edit, and delete snack 

button 

Users enter the add, edit, and delete 

snack page 
Valid 

Report page 

Select month 

button 
Pressing the select month button 

The system displays a dialog to select 

the month and year 
Valid 

Select date 

button 
Pressing the select date button 

The system displays a dialog to select a 

date 
Valid 

Select Year Pressing the select year button 
The system displays a dialog to select 

the year 
Valid 

User page 

Password 

change button 
Pressing the password change button 

The system displays the password 

change dialog 
Valid 

Add, edit, 

delete User 

button 

Pressing the add, edit and delete user 

button 

Users enters the add, edit, delete user 

page 
Valid 
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2. Usability Testing 

Table 4. SUS score calculation 

Respondents 
Questionnaire Calculation Score Total 

Score  

(Total x 2.5) 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10   

1 3 3 4 3 3 3 3 1 0 3 26 65 

2 3 3 3 3 3 3 3 1 3 3 28 70 

3 3 2 3 3 3 2 3 1 2 1 23 57,5 

4 4 0 4 2 4 0 4 0 4 0 22 55 

5 4 2 2 1 3 1 2 2 4 0 21 52,5 

6 3 3 3 2 3 2 3 1 3 3 26 65 

7 2 3 2 1 2 1 3 1 1 2 18 45 

8 3 4 3 4 3 3 4 1 1 4 30 75 

9 0 1 4 3 3 4 3 0 1 4 23 57,5 

10 3 3 3 3 3 2 2 2 3 3 27 67,5 

11 4 4 4 4 4 4 4 0 0 4 32 80 

12 1 3 3 3 3 3 3 1 1 3 24 60 

13 4 3 3 3 4 3 3 1 1 3 28 70 

14 3 3 3 3 3 3 3 1 3 3 28 70 

15 3 3 3 3 4 4 3 1 1 2 27 67,5 

16 2 2 3 1 2 2 3 1 2 2 20 50 

17 2 3 3 2 2 1 3 1 3 2 22 55 

18 3 3 3 4 3 3 3 1 1 3 27 67,5 

19 3 4 4 3 4 4 2 0 2 4 30 75 

20 3 3 3 3 2 3 3 1 1 3 25 62,5 

21 2 3 3 3 3 3 3 1 3 3 27 67,5 

22 3 3 3 2 3 3 3 1 3 3 27 67,5 

23 3 3 3 1 3 3 3 1 1 2 23 57,5 

24 3 2 2 1 3 1 2 1 3 2 20 50 

25 3 3 3 3 3 3 3 3 3 3 30 75 

 

Table 4 is the result of calculating the SUS score of 25 respondents. Then, after being calculated as 

a whole and averaged, a score of 63.4 is obtained which is Grade D which is included in the OK category 

with Marginal Low. 

  

4. CONCLUSION 

The mi-POS application has been successfully developed to meet the requirements of the Fajar Jaya 

Store in recording customer transactions, viewing transaction history, product inventory, and printing 

transaction receipts. The system is successfully deployed on Android phones. To access and store the 

data, the application requires communication between the application and its database using SQLite. 

Ensuring the quality of the system is a crucial part, and therefore; several tests are conducted such as 

using black-box testing and SUS testing. The results from Black-box Testing showed that all features 

ran smoothly with an error rate of 0%. Meanwhile, SUS testing showed a score of 63.4, which falls in 

the "OK and usable" category, indicating the application is acceptable to users but further improvement 

and development are still needed. 
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 Currently, public street lighting using Solar-based Public Street Lighting 

has been widely used. Solar-based Public Street Lighting is an off-grid 

Solar Power Plant application for street lighting. This study aims to use 

Solar-based Public Street Lighting which has been designed for Inayah 

Islamic School according to the geographical features of the school. To 

design this Solar-based Public Street Lighting by considering the economic 

aspect. From the data obtained directly at the location, the road width is 4.5 

meters and the total length is 330 meters. Road size is used to determine 

the need for lighting quality according to the Indonesian National Standard 

of 7391:2008. This Solar-based Public Street Lighting has been designed 

with a pole height of 5 meters and a 1.5-meter pole arm using a 20 Watt 2-

in-1 LED lamp and a solar cell capacity of 50 Wp per pole. From the results 

of the design analysis, the component specifications used in the design have 

met the requirements according to SNI of 7391:2008, and the required 

poles for Solar-based Public Street Lighting are 22 points for the Inayah 

Islamic School Complex area 
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1. INTRODUCTION  

Inayah Islamic School plans to build Solar-based Public Street Lighting on the road of the school 

complex. Solar-based Public Street Lighting is an off-grid solar power generation application for street 

or regional lighting using batteries charged from sunlight as an energy source. Solar-based Public Street 

Lighting lamps are designed to stay on for 12 hours daily. The general rule of lighting is that too much 

light will not be better. Vision does not get better only with the amount or quantity of light but also with 

its quality, which is determined by the level of light reflection and the level of exposure ratio. This 

research examines the design of artificial lighting in terms of saving electricity on the Inayah Islamic 

School Complex Road. Street lighting must meet the SNI 7391:2008 [1] standard which discusses street 

lighting specifications because it aims to achieve uniformity in street lighting planning, especially street 

lighting in an area. With a road size that is not as big as a highway, economic calculations will be one 

of the references in this study. Thus, street lighting that can provide safety, comfort, and convenience 

for road users can be planned and provided. 

This research is conducted on how to design street lighting that the solar power plant supplies. The 

type of road according to field data is a type of local road based on The National Standardization Agency 

SNI 7391:2008 which is related to the topic of Street Lighting Specifications in Urban Areas. This 

standard has provisions regarding lighting on various forms and sections of roads in urban areas that 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://journal.ubb.ac.id/index.php/ecotipe


 

  

Volume 10, Issue 1, April 2023, pp. 131-141 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3964 

132 

   

    

The Design of Solar Cell-Based Street Lighting for School Area (Azriyenni Azhari Zakri et al) 

have arterial, collector, and local road function classifications. The specifications referred to in this 

standard include function, type, size, installation, and placement/arrangement of street lighting as 

needed. Nurochim [2] in his writings related to Solar-based Public Street Lighting Planning for the 

Kendal sea road and its budget and in Pangkalpinang [3], in addition to using solar power in energy 

savings, and the cost of LED-type lights. Energy-efficient LED lamps are used in street lighting for 

better lumens per watt or efficacy. Thus, street lighting that uses LEDs requires less energy to illuminate 

an area. Therefore, this study will use the previous research as a reference in designing street lighting 

with energy and cost savings. The design of the lighting system on the road by taking a case study at the 

Inayah Islamic School Complex. 

1.1. Lighting 

Lighting is needed for humans to see an object, and inappropriate lighting will affect eye fatigue 

and nervous tension. To get the ideal lighting quality, the recommended lighting strength standard is set. 

The pole is part of Solar-based Public Street Lighting which is used to support the lights. Figure 1 is 

used to simplify calculations in the design and placement of lights for public road lighting so that the 

lighting angle can be calculated according to CIE 180:2007 [4,5] and SNI 7391:2008 [1] standards. 

 

Figure 1. Determining lighting on the street size 

Actual distance from the lamps to the middle of the road (r) can be obtained by Pythagoras theorem 

[6]. 

𝑟 =  √ℎ2 +  𝑐2                                                                       (1) 

And to find out the angle α can be obtained with trigonometry ratios. 

𝑐𝑜𝑠 𝑐𝑜𝑠 𝛼 =  
ℎ

𝑟
                                                                      (2) 

Luminous flux is the amount of power of light emitted by a light source per second. Luminous flux 

is denoted by ϕv with units of lumens (lm). Luminance is the light intensity emitted or reflected on a 

surface area, symbolized by Lv with Candela per meter squared (Cd/m2). Illumination (Ev) is the level 

of illumination on a surface expressed in lux or lm/m2. The lighting level can be determined by CIE 

115:2010 [9] and SNI 7391:2008 standards [1]. Table 1 shows the standard for lighting quality based 

on the type of road according to SNI 7391:2008 [1]. 

Table 1. Lighting level based on road type 

Road Type or 

Classification 
Average Ev (lux) 

Local Street 2-5 

Collector Street 3-7 

Arterial Street 11-20 

Source: SNI 7391 [1] 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&


 

  

Volume 10, Issue 1, April 2023, pp. 131-141 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3964 

133 

 

 

 

The Design of Solar Cell-Based Street Lighting for School Area (Azriyenni Azhari Zakri, et al)   

According to Lambert’s law, Illumination (Ev) is related to the intensity of light (Iv) that is emitted 

in a direction with an angle of incidence (α) and is inversely proportional to the square of the distance 

traveled by the light (r) [7]. 

𝐸𝑣  =  
𝐼𝑣 

𝑟2 𝑐𝑜𝑠 𝑐𝑜𝑠 𝛼                                                                      (3) 

Efficacy (ηv) is the amount of flux produced by a lamp for every watt of electrical power used, with 

units of lumens per Watt (lm/W). Efficacy is closely related to the wavelength radiated by the lamp. 

LED efficacy continues to increase, and white LED sources have an efficacy approaching 100 

lumens/Watt [4]. 

𝜂𝑣  =  
𝜙𝑣

𝑃
                                                                                      (4) 

Light intensity (Iv) is the flux radiated in a certain direction in a space angle (Ω). The intensity of 

light in lumens per steradian is called candela (cd). 

𝐼𝑣  =  
𝜙𝑣

Ω
                                                                                     (5) 

Figure 2 shows the shape of the space angle (Ω). Steradian (sr) is the unit of space or solid angle 

from the midpoint of the ball between the radii, expressed by the surface area of the ball which is 

determined per the square of the radius [8]. 

 
Figure 2. Space angle (Ω) 

Space angle equation: 

Ω =  4 𝜋                                                                                     (6) 

1.2. Solar-based Public Street Lighting 

Solar-based Public Street Lighting is the application of a solar power generation system as a 

generator of electricity to supply lights that illuminate the street. Based on the origin of the source, a 

solar power generation system is divided into two types. They are On-Grid and Off-Grid. Grid solar 

power generation system is a Solar-based Public Street Lighting that not only uses solar cells as a source 

of electric power to supply loads, but this type of solar power generation system is also generally 

connected to a source from PLN and a Generator Set (GenSet) as another source of electric power. In 

contrast to the On-Grid type, Off Grid solar power generation system only uses solar cells as the sole 

source of electric power to supply loads. Components of Solar-based Public Street Lighting are divided 

into several parts: the generator system, load section, and supporting equipment. The generating system 

includes solar cells, solar charge controllers, and batteries. The loading tool is the lamp. The supporting 

tools include poles, conductor cables, and panel boxes. There are several types of lamps used in lighting 

systems, namely incandescent lamps, halogen lamps, fluorescent lamps, mercury lamps, sodium lamps, 

and Light-Emitting Diode (LED) lamps. LED is a type of semiconductor diode that can emit light energy 

when given an electric voltage. By consuming less electrical energy, LEDs can produce light that has 

60-100 lm/W. The battery is one of the PLTS components whose function is to store electricity generated 

from solar cells during the day. To determine the battery capacity to be used, first know the amount of 

energy used by the load in a day. 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑃𝑜𝑤𝑒𝑟 =  𝑃 ×  𝑢𝑠𝑎𝑔𝑒 𝑡𝑖𝑚𝑒 (𝑗𝑎𝑚)𝑝𝑒𝑟 − 𝑑𝑎𝑦                           (7) 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&


 

  

Volume 10, Issue 1, April 2023, pp. 131-141 

ISSN 2355-5068 ; e-ISSN 2622-4852 

DOI: 10.33019/jurnalecotipe.v10i1.3964 

134 

   

    

The Design of Solar Cell-Based Street Lighting for School Area (Azriyenni Azhari Zakri et al) 

Where P is the load power. Load reserves in Watt-hour units are converted to Ampere-hours (Ah) 

expressed in [10]. 

𝐴ℎ =  
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦

𝑉
                                                              (8) 

Batteries have a maximum usage limit for battery capacity or Depth of Discharge (DoD). The day 

unit for storing and distributing energy to loads is generally determined as one day. Calculation of the 

required battery capacity is shown in the equation: [2]. 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
 𝐴ℎ × 𝐷𝑎𝑦

𝐷𝑜𝐷
                                                 (9) 

or 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 × 𝐷𝑎𝑦

𝑉 × 𝐷𝑜𝐷
                            (10) 

Solar cells are devices that can convert sunlight into electricity. Solar cells generally take a 

maximum of about 5 hours to convert sunlight into electrical energy in a day. Electrical energy will be 

stored in batteries that are obtained from morning to evening so that electricity can be used whenever it 

is needed. The time equation needed for the module to get global light accurately is symbolized by tmodul 

as follows [6]. 

𝑡𝑚𝑜𝑑𝑢𝑙  =  
𝐺𝑇𝐼𝑜𝑝𝑡𝑎

𝐺𝑆𝑇𝐶
                                                                     (11) 

Thus the size of the required solar panel module capacity (Wp) can be found by the equation: 

𝑀𝑜𝑑𝑢𝑙𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐸𝑛𝑒𝑟𝑔𝑦 𝑁𝑒𝑒𝑑𝑒𝑑

𝑡𝑚𝑜𝑑𝑢𝑙
                                       (12) 

Solar panels, based on the type of material, are generally divided into three types: polycrystalline, 

monocrystalline, and thin film solar cells [11]. Solar Charge Controller (SCC) is an electronic device 

that is used as a charge regulator to limit the current and voltage flowing into the battery. SCC is used 

to prevent the battery from overcharging. 

 

2. RESEARCH METHOD  

This research method describes the initial stages carried out in research. In this research, a Solar-

Based Public Lighting device is designed for Powered Public Street Lighting. At the research location, 

which is on the Inayah Islamic School complex, there was no street lighting, so the only data obtained 

were in the form of road size at the research location. Table 2 summarizes the measured road sizes at 

the study locations. 

Table 2. Road size data 

Part of the 

Street 
Street Width Street Length 

Entrance 4.5 m 100 m 

Inside Road 4.5 m 130 m 

   Exit Road 4.5 m 100 m 

 

In designing Solar-Based Public Lighting, it uses an Off-Grid solar power plant system so that 

Solar-Based Public Lighting uses a DC electricity system and does not need to use an inverter. Street 

lighting is designed using Solar-Based Public Lighting type 2-in-1, this type has several advantages over 

the other two types of public lighting; unlike conventional Solar-Based Public Lighting which requires 

a panel box to store SCC and batteries, tilt solar cells can be adjusted freely without being affected by 

the tilt of the lamp, unlike the Solar-Based Public Lighting AIO. The specifications consist of a pole 

height of 5 m and a pole length of 1.5 m, a 2 in 1 20 W LED lamp, and a 50 Wp solar cell. The type of 

lamp to be used is a 2-in-1 LED lamp. The 2-in-1 LED lamp is integrated with the controller and battery 
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in the lamp housing. The lamp model proposed in the design with AutoCAD software, with power from 

a 20 Watt lamp with a battery capacity of 32 Ah and a battery voltage of 3.2 V as shown in Table 3. 

Table 3. The specification of LED light 2-in-1 

Explanation Specification 

Power 20 W 

Battery Voltage 3.2 V 

Battery Capacity 32 Ah 

 

The type of solar cell that will be used in the design is a polycrystalline solar cell. This type is 

suitable for consumption needs that are not too large. Figure 4 shows the design of a polycrystalline 

solar panel using AutoCAD software. The image design was based on an online shop. The module power 

is 50 Wp with a maximum voltage of 18 V and a maximum current of 3 A. Table 4 summarizes the 

specifications of the solar panels used in the design of Solar-Based Public Lighting. 

Table 4. Solar panel specifications 

Explanation Specification 

Module Capacity 50 Wp 

Peak Force (Vm) 18 V 

Peak Current (Im) 3 A 

 

The lamp is directly connected to the solar cell because the battery and controller are already 

available in the lamp housing. The positive pin of the solar cell is connected to the positive SCC pin, 

and the negative pin of the solar cell is connected to the negative SCC pin as shown in the electrical 

system circuit in Figure 3. 

 

Figure 3. Electrical system circuit of solar cell-based street lighting 2-in-1 

The work scheme for solar street lighting has two schemes. They are during the day and at night, 

the following is an explanation of how it works. When sunlight begins to shine on the solar cell, the 

solar cell begins to absorb sunlight and convert it into electrical energy. SCC regulates the electrical 

energy generated by solar cells to charge the battery and turn the lights off. When it is nighttime and the 

solar cells are no longer absorbing sunlight on the SCC, the SCC regulates the battery current to supply 

the LED lights and keeps the lights on. In making Solar Cell-Based Street Lighting sketches, a reference 

is needed to be used for component sizes. Due to the height of buses and trucks reaching 3.5 meters. To 

avoid collisions with vehicles, the pole height will use a measurement of 5 meters. The length of the 

lamppost arm is about 1.5 m and the pole is 0.5 meters away from the roadside. Figure 4 shows the 

initial design designed with AutoCAD software in centimeters. Solar Cell-Based Street Lighting is 

designed using a single arm. 
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Figure 4. The design of solar cell-based street lighting for Inayah Islamic School 

 

3. RESULTS AND DISCUSSION  

Solar Cell-Based Street Lighting that has been designed will be reviewed and analyzed whether the 

design meets the applicable SNI. This chapter also explains how suitable the design of Solar Cell-Based 

Street Lighting is from the processed data and then economic calculations are carried out afterward. In 

the design, a 2-in-1 LED lamp with a power size of 20 watts is used, but it is not yet known whether the 

power size complies with SNI 7391:2008 or not. To calculate the distance and angle between the light 

rays on the end surface of the path. It is known that the height of the lamp is 4 m and the horizontal 

distance from the lamp to the middle of the road (c) is 1.5 m. The actual distance from the lamp to the 

end of the road (r) is obtained from equation (1) to be r = 5.154 meters, to calculate the angle β using 

equation (2) it is obtained 𝛼 =  14,070°. Calculating Light Intensity and Flux SNI 7391:2008 stipulates 

that the type of local road must have an illumination (Ev) of around 2 Lux to 5 Lux. And according to 

the parameters of CIE 115:2010, the research location is in class P4. In this calculation the illumination 

value used is 5 Lux, from equation (3) it can be found the required intensity𝐼𝑣  =  136.920 𝑐𝑑. To 

calculate the luminous flux obtained using equation (5) it is obtained 𝜙𝑣  =  1720.663 𝑙𝑚. The light 

intensity required to comply with the provisions of SNI 7391:2008 is 136.920 candela and the luminous 

flux is 1720.663 lumens with an illumination of 5 Lux. Palaloi [12] in their scientific work said that 

LEDs generally have a light efficacy (ηv) of 65-100 lumens/watt and the average efficacy when used for 

a long time is 85.5 lumens/Watt [13]. So, by using equation (4), the power of the lights needed for the 

road of the Inayah Islamic School complex according to SNI is 𝑃 =  20.125 𝑊. The light power 

required on the road of the Inayah Islamic School complex from the technical analysis is 20.125 Watt. 

The power of the lamp used in the design is 20 watts, this size is close to even greater than the size of 

the power needed on the road of the Inayah Islamic School complex. 

Solar Cell-Based Street Lighting lamps are designed to be on for approximately 12 hours at night 

a day. To find out how much electrical energy is needed for a 20 Watt lamp to burn for 12 hours a day, 

you can use equation (7) to become 240 Watt-Hour. Lithium battery DoD [14] reaches 100%, with 

equation (10) you can find how much battery capacity is needed to supply lights in one working day. 

The capacity of the battery needed to supply a 20 Watt lamp for 12 hours in one day is 75 Ah. To find 
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out the capacity of solar cells [15], a calculation is needed by considering how long the sun's peak time 

is to maximize energy absorption. From the statistical data on the Global Solar Atlas website, at the 

coordinates of the Inayah Islamic School, the GTIopta value was obtained which is 4.756 kWh/m2 per 

day. So the time needed for the module to get global light can be obtained by equation (11) is 𝑡𝑚𝑜𝑑𝑢𝑙  =
 4.756 ℎ𝑜𝑢𝑟𝑠. The required solar panel capacity can be found by using equation (12). The internal solar 

panel capacity required in the design is 50.463 Wp rounded up to 50 Wp. The number of  Solar-based 

Street Lighting needed along the road of Inayah Islamic School Complex can be found by determining 

the distance between the pillars with the following steps. To determine the distance between poles, it is 

necessary to calculate the maximum lighting distance (midpoint between poles). The lamp power used 

is 20 W with an average efficacy of 85.5 lm/W at a height of 5 m, with equation (4) for the light flux 

is𝜙𝑣  =  1710 𝑙𝑚, and with equation (5) for the light intensity 𝐼𝑣  =  136,077 𝑐𝑑. The actual distance 

from the lamp to the farthest distance of illumination with 1 lux illumination (1 lux from each lamp, in 

SNI 7391:2008 the lowest illumination on local roads is 2 lux) with equations (3) and (2). So with 

equation (1) the horizontal distance of the lamp to the farthest street point with the smallest illumination 

is c = 7.235 m. The farthest horizontal distance of illumination of a 20 W LED lamp at a height of 5 m 

is 7.235 m. The distance between the poles is twice the farthest horizontal distance of the lighting so 

that 14.470 m is obtained, rounded up to 15 m. All sections of the Inayah Islamic School Complex have 

the same road width, but different lengths. The entrance road is 100 meters long, the inner road is 130 

meters long and the exit is 100 meters long. From the entrance to the exit, the total length of the road is 

added up. So that the number of light pole points obtained is 22 poles. The number of light points from 

the entrance gate to the exit gate is 22 poles with a distance of 15 meters between poles. Figure 5 shows 

the placement and distance between pole points which are useful for knowing the approximate location 

of the Solar Cell-Based Street Lighting pole points on the site plan. 

 

 Figure 5. Estimation of point locations and distances between poles of solar cell-based street lighting  

Figure 6 shows the placement and distance between the PJUTS pole points based on the original 

plan taken from a Google Map designed using AutoCAD software. This is useful for knowing the 

placement of poles in two-dimensional and three-dimensional views. 
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Figure 6. Pole points of solar cell-based street lighting on site plans with AutoCAD software 

Three-dimensional design from the top view of the placement of the Solar Cell-Based Street 

Lighting pole points with AutoCAD software. The image is designed directly from a Google Map photo, 

the photo is coated with the specified colored line and then stores the three-dimensional version. The 

pole point in Figure 6 is symbolized by an empty cyan or light blue box and the school road in gray, 

while the red color shows the school roof. 

 

Figure 7. The display of solar cell-based street lighting at the entrance 

Figure 7 shows a simulation in the AutoCAD software of the design of Solar Cell-Based Street 

Lighting at the entrance to the Inayah Islamic School Complex from the outside (entrance). It can be 

seen that Solar Cell-Based Street Lighting is placed on the left side of the road. 

 

Figure 8. The display of solar cell-based street lighting the inside 

Figure 8 shows a simulation in the AutoCAD software of the design of Solar Cell-Based Street 

Lighting on the inner road of the Inayah Islamic School Complex from the side of the entrance. Solar 

Cell-Based Street Lighting is placed on the left side of the road because there is no land on the right side 

of the road because it is adjacent to the school building. 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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Figure 9. The display of solar cell-based street lighting in the exit 

Figure 9 shows a simulation in the AutoCAD software of the design of Solar Cell-Based Street 

Lighting at the exit of the Inayah Islamic School Complex from the inside of the school. Solar Cell-

Based Street Lighting is placed on the right side of the road from the outside because that side is the 

outer side of  the Inayah Islamic School Complex. The table will show a comparison of the specifications 

of the components used with the components obtained from the calculations. Solar Cell-Based Street 

Lighting is placed on the right side of the road from the outside because that side is the outer side of the 

Inayah Islamic School Complex. 

Table 5. Component specifications are designed with that into account 

Component Used Estimation 

LED 20 Watt 20.125 Watt 

Battery 32 Ah 75 Ah 

Solar Cell 50 Wp 50.463 Wp 

From table 5, the capacity of the battery used and the one obtained from the calculation is quite 

different, the battery used has a capacity of 32 Ah and the battery obtained from the calculation has a 

capacity of 75 Ah. There are several reasons for still using a 2 in 1 LED lamp that is integrated with a 

32 Ah battery, including a 2 in 1 LED lamp having a controller and the difficulty of finding suitable 

specifications on the market because it comes directly from the seller or factory. The two in one LED 

light controller is referred to as intelligent power control, when it adjusts the output power. The power 

used at the beginning is very small and over time will continue to increase until it reaches a maximum 

of one-third of the usage time and decreases again gradually from the last third of the usage time until 

the end of the usage time. Table 6 is the result of the first economic analysis, namely a comparison of 

the component prices for Solar Cell-Based Street Lighting and Conventional Street Lighting, showing 

the specifications and prices for the designed Solar Cell-Based Street Lighting. Meanwhile, the price 

and component specifications of conventional Street Lighting can be seen in Table 7. The specifications 

of conventional Street Lighting components follow the specifications of Solar Cell-Based Street 

Lighting. 

Table 6. Estimated component prices of solar cell-based street lighting 

Component Type Size Price  (Rp) 

Pole - 4 meters 2.000.000 

Pole Arm - 1.5 meters 250.000 

Lamp LED 2-in-1 20 Watt 990.000 

Solar Cell Polycrystalline 50 WP 650.000 

Cable NYY 2 × 1.5 mm2 2 meters 30.000 

Supporting 

Component 
- - 1.000.000 

Total Cost per-pole 4.920.000 

Total Cost of Solar Cell-Based Street Lighting (times poles) 108.240.000 
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Table 7. The estimated price of Conventional Street Lighting components 

Component Type Size Price  (IDR) 

Pole - 4 meters 2.000.000 

Pole Arm - 1.5 meters 250.000 

Lamp LED 20 Watt 130.000 

Component Type Size Price  (IDR) 

Contact Cable NYM 2 × 2.5 mm2 4 meters 29.000 

Connecting Cable for NYFGBY 2 × 6 mm2 32 meters 1.712.000 

Supporting 

Components 
- - 500.000 

Total cost per-pole 4.621.000 

Total cost of all street lamps (times total poles) 101.662.000 

 

Due to the energy source of conventional street lamps from State Electricity Company, there is a 

predetermined tariff fee. According to the State Electricity Company, schools are included in the social 

tariff category with a usage fee of IDR 455.00/kWh. The cost of using electricity for conventional street 

lamps as a whole in 1 year as a whole is 876,876 rupiah. The cost of using electricity for all conventional 

type street lamps in 1 year is IDR 1,392,120.95. The age of solar cells can reach 20 years. To find out 

the operational costs of conventional Street Lighting that uses State Electricity Company electricity, you 

can see the cost of electricity usage over the life of the solar cells. The operational cost of conventional 

street lamps for the next 20 years is IDR 17,537,520. In terms of investment costs, conventional street 

lamps are cheaper, but in terms of operational costs, Solar Cell-Based Street Lighting two-in-one is 

much more economical because Solar Cell-Based Street Lighting generates electrical energy from solar 

cells, so electricity usage rates are not charged.  

 

4. CONCLUSION 

Based on data analysis and calculation results on the design of street lighting at Inayah Islamic 

School Complex, it can be concluded that the design of street lighting at Inayah Islamic School Complex 

uses 2-in-1 LED lights with a power of 20 Watt, and the parameters of the poles with a road width of 4, 

5 meters, namely the height of the pole is 5 meters, the distance between the poles is 15 meters and the 

Street Lightings point is 22 points, which is in accordance with SNI 7391:2008. By using 50 Wp solar 

cells, the design of Solar Cell-Based Street Lighting on the road of the Inayah Islamic School Complex 

requires a budget of around IDR 108,240,000.00 and conditional maintenance operational costs for the 

future. In terms of investment costs, conventional Street lighting is cheaper, but in terms of operational 

costs, 2-in-1 Solar Cell-Based Street Lighting is much more economical. This is because Solar Cell-

Based Street Lighting generates electrical energy from solar cells, so electricity usage rates are not 

charged. 
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 An early warning system is very important to implement to minimize 

losses received when a disaster occurs, one of which is a landslide 

disaster. An early warning system for landslides is carried out so that 

people can find out the signs of a disaster that can be accessed anywhere, 

so they can prepare themselves. For this reason, a tool is needed that can 

detect and provide early warning of landslides to the public which can be 

accessed through the website. In this study, a website-based landslide 

early warning system has been designed using a soil moisture sensor to 

measure it and the MPU6050 sensor to measure the slope of the soil. 

Sensor data will be displayed on the LCD and sent to the database and can 

be monitored through the website. The avalanche detector made is 

powered by a 15 V DC battery to provide 5V output to the NodeMCU 

ESP8266. Soil moisture sensor, MPU6050, LCD I2C, LED, and relay 

work at 5V. A Relay is used to turn on the siren at 12V voltage. Based on 

our research, the soil moisture measurement value between the sensor and 

the comparison device is around 1.55% and the soil slope measurement 

value between the sensor and measuring tool is around 0.14%, these two 

factors influence each other. The measurement error is still fairly normal 

according to the soil moisture sensor datasheet and MPU6050, which are 

±3% together. 
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1. INTRODUCTION  

Landslides are a disaster that often occurs in hilly and mountainous areas [1]. The condition of the 

soil in parts of Indonesia is classified as prone to landslides. Based on the landslide vulnerability zone 

map according to the National Disaster Management Agency (BNPB) in 2023, there were 634 

landslides in Indonesia [2]. 

Geographical conditions, which are generally mountainous areas with slopes, make the soil 

unstable. As a result, when the soil is moved, it becomes prone to landslides [3, 4]. Movement of soil 

and excess water content are the main causes of landslides. Landslides are also affected by the 

presence of a driving force on the ground which is greater than the resisting force [5, 6, 7]. In general, 

the Center for Volcanology and Geological Hazard Mitigation said that landslides have several 

symptoms that can be observed visually, including occurring after rain, cracks appearing on the slopes 

parallel to the direction of the cliff, buildings starting to crack, trees or electricity poles slanted, and 
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new springs appear [8]. Landslide disasters can cause many losses, including causing casualties, 

disruption of transportation facilities, damaging agricultural land, and various other consequences that 

are detrimental to community activities [9]. The impact of this landslide disaster can be avoided with 

prevention efforts using an early warning system for landslides so that people can know the signs of 

landslides and receive warnings that landslides will occur [10, 11]. Information technology that is 

integrated into various aspects of life is often referred to as the Internet of Things (IoT) [12,13,14]. Its 

reliability makes everything connected, monitored, and controlled as expected [15]. The use of soil 

moisture sensors to detect soil moisture levels capacitively [16]. MPU6050 sensor to detect conditions 

at a certain level of slope that is integrated with the gyroscope sensor [17]. The ESP8266 module is 

complete and unified as an application provider that is integrated with sensors or with certain 

application tools [18].  

In research conducted by Supriyatna entitled "Design and Build Early Warning Systems for 

Landslide Prone Areas". In this study designing a tool using an accelerometer sensor and LDR sensor, 

the system can be monitored wirelessly by adding a telemetry radio connected directly to Arduino and 

a computer using Labview [19]. However, it still has drawbacks, namely not using Android 

applications and not being based on IoT. 

Research conducted by Muhammad Reza Maulana, et al entitled "Design of a Landslide 

Detection System Using IoT-based Gyroscope and Hygrometer Sensors" [20]. The designed system 

will provide information via telegram notifications. However, it has a drawback, namely sensor data is 

not stored in the database. So that the community cannot monitor the value of soil moisture and the 

slope of the land. 

Based on previous research, the solution we want to offer is to create an avalanche detection 

design with the innovation we want to develop, namely by utilizing a soil moisture sensor to measure 

soil moisture and the MPU6050 sensor to measure the slope of the soil. Where sensor data can be 

monitored through the website so that it can be accessed from anywhere and at any time by the general 

public, which can complement a landslide early warning system that is reliable and user-friendly. 

  

2. RESEARCH METHODS  

2.1. Research procedure 

In making this research the authors used the DSRM research method (Design Science Research 

Method). This method is used to create and design systematically to produce an output in the form of 

this design. The design of this website-based landslide detector tool begins with conducting a literature 

study of the research to be carried out to determine the tools and materials needed. The next step is to 

design a series of devices and do programming on the controller. After the program is successful, then 

the assembly of the device components is carried out. Further testing and analyzing the test results 

according to Figure 1. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 1. Research procedure 
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2.2. Diagram Block System 

This landslide detector was designed using Nodemcu ESP8266 as the main control system, a soil 

moisture sensor to measure soil moisture, and an MPU6050 sensor to measure soil slope. Both sensors 

will send data to MySQL as a database. Then the data that has been stored will be displayed on the 

website according to Figure 2. After that, the sensor value is also displayed on the LCD. The siren will 

sound and the LED will flash simultaneously if there are signs of an impending landslide. The system 

block diagram can be seen in the following figure. 

NodeMCU ESP8266

Sensor Soil Moisture

https://

iot.mahardikaapp.com

 Sensor MPU6050

LCDI2C

Sirine

LED

 
Figure 2. System block diagram 

2.3. Device System 

The series of systems in this study can be seen in Figure 3. All of these circuits function to read 

the parameters of soil moisture and soil slope in real-time through the website. So, the user can find 

out the sensor reading data remotely. 

 

 

 

 

 

 

 

  

 

 
Figure 3. System Device 

2.4. Flow Chart System 

The working system of the avalanche detector design begins with initializing the data and then 

connecting the device to the internet using the ESP8266. Sensor data and ground state levels will be 

processed into three classifications, namely safe, alert, and dangerous. If the ground state is in Safe 

condition, the green LED will light up. However, if the ground is in an alert condition, the yellow LED 

will light up. And if the ground is in a Danger condition, the red LED and siren will light up 

simultaneously. Then the sensor data and soil condition classification will be displayed in real-time on 

the 12C LCD and the website if the serial number has been registered. The flow diagram of the 

avalanche detector work system can be seen in Figure 4. 
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Start

Send Datato Database

Process Data Sensor and Soil 

State Level

Is The Serial Number 

Registered ?

Display Data from Database to Website

Connect The Device to The Internet

Is the Soil State      

Level =   Safe  

Is the Soil State      

Level =   Alert  

Is the Soil State      

Level =  Dangerous  

LED Green is ON LED Yellow is ON
LED Red and siren is 

ON

Send Data to LCD I2C 

Done

Data Inisialization

Yes Yes Yes

No No

No

Yes

No

 

Figure 4. System flowchart 

2.5. Software System  

The use of the website as an IOT implementation is required to display sensor data that has been 

sent from ESP8266 to the database. To access the website, two types of users have been provided, 

namely admin and operator. Where both have different access rights. 

Login

Acces Dashboards

Acces Sensor History

Register and Delete User 

Accounts

Register and Delete Device 

Number

Admin

Login

Acces Dashboards

Acces Sensor 

History

Operator

 
  Figure 5. Admin charts                 Figure 6. Operator charts 

In Figure 5 the admin after logging in can access the dashboard, sensor history, users, and 

devices. Meanwhile, if you enter as a user, you can only access the dashboard and sensor history. As 

described in Figure 6. 

In making the website, there are several menus, namely login, dashboard, sensor history, users, 

and devices. 
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a. Login and Register 

 

 

 

 

 

 

 

 

 

 

In Figure 7, we can see that the login menu must fill in the username and password for the 

account that has been registered. If the username and password do not match the database, a 

notification will appear "incorrect username or password". On the Register menu, if someone wants to 

visit the website but doesn't have an account, then he can press the "register" button to create an 

account. But accounts that have been registered are only as operators. More details can be seen in 

Figure 8. 

b. Dashboard 

On the dashboard menu, soil moisture and soil slope sensor data sent from NodeMCU ESP8266 

to Mysql will be displayed in graphical form in real-time. The dashboard display can be seen in Figure 

9.  

 

 

 

 

 

 

 

 

 

 

c. Sensor History  

In addition to displaying data in graphical form on the dashboard menu. The sensor history menu 

is also used to display sensor data. However, the difference is that the data displayed in table form is 

based on the serial number on each controller that has been registered. In Figure 10 the sensor data 

shown comes from the Nodemcu ESP8266 controller with serial number 10284251. In addition, data 

on sensor history can also be printed to make it easier to analyze the design. 

d. User 
This menu can only appear if you are an admin user. The user menu contains registered user data 

in tabular form. Users who have access rights as admin can register, change or delete user data. The 

user menu display can be seen in Figure 11. 

Figure 8. Display menu register Figure 7. Login menu display 

Figure 9. Dashboard view Figure 10. Display of sensor history 
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e. Device 

The device menu functions to register the controller serial number in the design so that it can send 

sensor data to the database. Because only the controller on the device whose serial number has been 

registered can send sensor data to the website. In Figure 12 the device data contains the serial number 

that has been registered and the name of the area of the design device that is placed. 

3. RESULTS AND DISCUSSION  

3.1. Calibration 

The calibration process of the soil moisture sensor and MPU6050 is used to determine and obtain 

the accuracy of the sensor when collecting data as a standard or reference in measuring soil moisture 

and soil slope. 

The measurement of soil moisture is carried out by comparing the measurement of the soil 

moisture sensor and the measurement of the soil tester. Then, measuring the slope of the land is done 

by comparing the MPU6050 sensor measurements with protractor measurements. 

a. Calibrate Soil Moisture with a Soil Tester 

Before calibrating the soil moisture value, it is necessary to convert the soil moisture sensor 

resistance value into percentage units. Based on reading the value of the soil moisture sensor data, the 

resistance value of the soil moisture sensor reading is from the numbers 0 – 1023 bits which indicate 

the moisture value of the soil. The higher the value reading, the lower the soil moisture condition or it 

can be said to be dry. And conversely, the lower the value read by the sensor, the higher the soil 

moisture condition. 

Therefore, to facilitate research, it is necessary to change the sensor value to a percent value (%). 

Refer to the manual calculation of soil moisture to change the sensor value to a percent value using 

equation (1). 

Percent Value= 
1023−𝑠𝑒𝑛𝑠𝑜𝑟 𝑣𝑎𝑙𝑢𝑒

1023
𝑥 100% .     (1) 

Equation (1) explains that the sensor values obtained are reduced by the sensor value range, 

which amounts to 1023 and multiplied by 100%. The purpose of changing this value is so that the tool 

can directly detect the percentage of soil moisture so that it can be easily understood. The results of 

changing the sensor value from the resistance value to the percent value (%) are as follows. 

Table 1. Conversion of sensor values to percent values 

Sensor Value Percent Value (%) 

0 100% 

353 65,5% 

413 59,6% 

560 45,2% 

821 19,8% 

1023 0% 

Figure 12.  Device menu display Figure 11. User menu display 
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After converting the unit value on the sensor to a percentage value, what needs to be done is 

calibrate the soil moisture sensor against similar comparison devices. Calibration is carried out by 

preparing varied soil samples based on the level of water content. Then the sample was measured 

using a soil moisture sensor and a soil tester as a comparison tool. Measurements were repeated three 

times for each sample. So that the measurement data is obtained in Table 2 as follows. 

Table 2. Soil moisture calibration data with a soil tester 

No Soil Tester (%) Soil Moisture (%) Error (%) 

1 23.3 21.3 2 

2 24 22.3 1.7 

3 31.7 30.3 1.4 

4 33.3 30.7 2.6 

5 41.3 40 1.3 

6 43.3 43 0.3 

Average 1.55% 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Average in the measurement results of the soil moisture sensor and the soil tester 

Figure 13 shows that the average difference in the measurement results of the soil moisture sensor 

and the soil tester is 1.55%, so it can be interpreted that the soil moisture sensor can measure soil 

moisture with relatively good measurement results. 

b. MPU6050 Calibration with Protractor 

The test is carried out by comparing the slope of the tool with the slope of the protractor. Data 

collection is not carried out directly on the ground to determine the compatibility between the tool and 

the protractor directly. The reading results of the tool and the protractor must be the same because the 

tool is used as a detector of the slope of the land in degrees. Data collection at certain angles starting 

from 0⁰ - 180⁰ is carried out to ensure the accuracy of the tool and ensure that the status of the 

avalanche detector is displayed properly. The results of testing the tool can be seen in Table 3 as 

follows. 

Table 3. MPU6050 calibration data with protractor 

 

 

 
 
 
 
 
 

 

 

No Protractor (°) Sensor MPU6050 (%) Error (%) 

1 0 0 0 

2 30 30 0 

3 45 45 0 

4 60 60.4 0.4 

5 90 90.2 0.2 

6 135 135 0 

7 180 180.4 0.4 

Average 0.14% 
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Figure 13. MPU6050 Calibration Measurement 

It can be interpreted that the slope of the protractor with the results of the MPU6050 sensor 

reading is almost the same. The average difference in the measurement results of the MPU6050 sensor 

and the protractor is 0.14%, the difference between the slope of the protractor and the MPU6050 

sensor is because the sensor is very sensitive so it easily changes when the sensor is exposed to small 

movements. Therefore, the sensor must be installed in a very stable position to produce more accurate 

data. 

3.2. Testing 

Tests on the design of the landslide detector are carried out based on the probability that the cause 

of the landslide will occur from the level of soil moisture and the slope of the soil. The probability of a 

landslide occurring is then tested every 10 seconds and repeated five times for each variable. So the 

following results are obtained: 

Table 4. Test data sample 

NO ID 
Serial 

Number 

Nilai Nilai 

Waktu Sensor Soil 

Moisture 
Sensor MPU6050 

1 1180 16723438 1023 100 2022-11-14 17:20:18 

2 1185 16723438 415 41 2022-11-14 17:20:28 

3 1190 16723438 413 40 2022-11-14 17:20:39 

4 1195 16723438 416 41 2022-11-14 17:20:49 

5 1200 16723438 1023 100 2022-11-14 17:20:59 

In Figure 14 it can be seen that the average value changes every 50 seconds with a delay in 

sending data from the controller to the server average of approximately 1 second as shown in Table 4 

because the design was tested with several treatments. In the first treatment, the design was in an 

upright position from an angle of about 80⁰, and the soil moisture sensor was planted in dry soil. In the 

second treatment, the design was at an angle <80⁰ Soil moisture sensors were planted in soil that was 

sprinkled with a little water. In the third treatment, the design was at an angle of about 80⁰, and the soil 

moisture sensor was planted in the same soil and added a little water until it was moist. In the fourth 

treatment, the design was made at the same angle, and the soil moisture sensor was planted in water-

soaked soil until the soil became soft. In the fifth treatment, the design was at an angle of <80⁰ and 

planted in watery soft soil. Each treatment in design testing is classified into three conditions: safe, 

alert, and dangerous. This classification is distinguished from changes in the value of the soil moisture 

sensor and the MPU6050 sensor. According to the following table: 

Table 5. Classification of Lanslide condition 

No Condition Soil Moisture Value MPU6050 Value 

1 Safe <  30 ≥80⁰&≤91⁰ 

2 Alert < 30 <80⁰& >91⁰ 

≥  40 ≥80⁰&≤91⁰ 

> 30 dan <50 ≥80⁰&≤91⁰ 

3 Dangerous ≥  40 <80⁰& >91⁰ 

> 30 dan <50 <80⁰& >91⁰ 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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Figure 14. Graph of soil moisture and slope data 

 

 

 

 

 

 

 

 

 

4. CONCLUSION  

Based on the design, observation, and testing that has been done, the following conclusions can 

be drawn: 

a. A landslide detection design has been made using the MPU6050 sensor as a soil slope detection 

and a soil moisture sensor as a soil moisture detector which can be monitored from the website. 

b. The MPU6050 sensor can detect the slope of the land well, which only has an average error value 

of 0.14% for a square as a comparison tool. The Soil Moisture sensor can detect soil moisture 

well, where the average error value is 1.55% against the soil tester as a comparison tool. 

c. Each treatment in design testing is classified into three conditions: safe, alert, and dangerous. The 

classification is distinguished from changes in the value of the soil moisture sensor and the 

MPU6050 sensor. 

d. The design of this landslide detector device can run as expected, namely, it can provide 

notifications in real-time containing information on soil conditions, soil moisture values , and soil 

slope when in an alert and dangerous condition via the website optimally. 
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