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 The research objective of supervisory control and data acquisition (SCADA), 

with fuzzy Mamdani logic simulation on the loading section of distribution 

transformer substations. Data acquisition is available when saving SAIFI 

SAIDI data and storing the results of monitoring equipment. The method 

used is Mamdani fuzzy logic, there are two input variables, namely current 

and voltage devices. The membership function in Mamdani fuzzy logic has 

been created based on the input current and voltage variables. Currently: 

parameter {0, 600} low is created {0, 350, 450, 600}, normal {400-650} 

parameter is created {400, 500, 550, 650}, parameter high {≥600} is created 

{600, 650, 750, 1000}, when determining the voltage: low {≤10.5} 

parameters {0 4 7 10.5}, normal {9-14} parameters {9, 10, 13, 14} and high 

{≥13} - parameters {13, 14, 15, 16}. Based on the results of the Mamdani 

logic rule test on the output current containing a transformer and a voltage 

sensor, the results obtained are IF (normal current; (630) AND voltage 

(high); (13.2) (high load transformer). The components in the simulation tool 

include miniature substations made with the 1A travel substation model, 3A 

substation as the main substation, the relay as distribution substation as the 

monitoring application. Telestatus and Telecontrol use a microcontroller. 

Initial scenario. After substation is resumed, data is stored after downtime, 

service life, duration, and data period. Initial scenario After substation is 

resumed, data is stored after downtime, service life, duration, and data 

period. 
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1. INTRODUCTION 

SCADA is a system that can carry out the process of data acquisition, control, and monitoring of 

industrial control systems [1] . The SCADA element consists of three parts, namely the field device, remote 

terminal unit (RTU), master terminal unit (MTU) [2], [3]. Data from the field device is sent to the RTU 

(PLC), then sent to the MTU. Data communication between PLC and MTU uses RS232C serial 

communication. Data from MTU will be sent to the server [4]-[6]. The reliability of the SCADA system 

affects the operation of the micro-network [7]. The effective design of the supervision and data acquisition 

control system (SCADA) system for micro networks including front-end processing modules, 

communication gateway modules, and surveillance control modules is presented in this study and then the 

SCADA micro-network system is built [3], [8]. The actual micro-network operation test is done using the 

SCADA system. The experimental results show that the design and method of implementing a micro-

SCADA system is practical and feasible [4], [9], [10]. Research studies with remote electricity monitoring 
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and control using a web browser using TCP/IP protocols that support cellular systems [11]. It contains basic 

analog input/output and basic digital input/output which can be applied to motor drivers and inverters for 

integration with remote SCADA systems based on IoT, and thus achieve efficient power management [12]-

[14]. The study was conducted using a model based on the fuzzy inference system (FIS) to evaluate the 

performance of the block cipher algorithm based on three current metrics [15]-[17]. Two types of FIS 

models, the Mamdani FIS model, and the Sugeno FIS model were used for this evaluation. The fuzzy 

inference system was developed for the block cipher algorithm using two types of fuzzy models [18-20]. The 

arena of the importance of performance in our online system compares the Mamdani model, which was used 

before, with the Sugeno formulation using four types of membership function methods (MF) [21]. The first 

method of the triangular membership function uses the average, minimum and maximum values of the 

histogram attribute. The second approach produces a triangular membership function using a peak and 

standard deviation of attribute values. The third procedure produces a gaussian membership function using 

the mean and standard deviation the histogram attribute values. The fourth approach produces a gaussian 

membership function using the peak and standard deviations of the histogram attribute values [22], [23]. 

 

 

2. RESEARCH METHOD  

Comparison with other studies is the SCADA model with fuzzy Mamdani logic. Fuzzy logic method 

is a method that can be applied to data input in the form of linguistic variables, namely variables that are 

natural or obtained from humans. Output obtained by the method of fuzzy set [24]-[26]. The system design 

that will be made has several steps in its completion. The design that is designed is necessary so that the 

system to be implemented does not go out of its original destination [27], [28]. There are 3 transformers 

where each transformer has a current sensor and a voltage sensor. The transformer consists of a current 

sensor and a voltage sensor (current and voltage value detector), a DC Step Up to add voltage, an LsED 

indicator for each substation, a buzzer as an alarm, an LCD and a power supply. Whereas for human machine 

interface (HMI) there is an interface on the PC with the vb.net application which will monitor the SCADA 

system on the transformer or substation, this interface uses communication connected to a serial USB where 

to connect between the microcontroller and the PC [4]. The system will be displayed in the form of 

monitoring devices in real-time in terms of telemetering functions measuring current, voltage, and power 

regulation while functions in telecontrolling and telesignalling in turning off and turning on substations or 

performing substation recovery systems with notification at the time of travel, while for data acquisition 

located monitoring history and SAIFI SAIDI reports on substation trips. 

In the system in Figure 1, system input consists of: 

1. The transformer measurement input data is detected on the current and voltage sensors. 

2. DC step up CN6009 is used to raise the voltage to a voltage higher than the DC load input source 

3. Monitoring button device to start the monitoring tool process entering current and voltage 

measurements in real-time and to reset the monitoring process, the Reset button is used. 
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Figure 1. Tool block 1 transformer diagram 

 

 

Figure 2, in the process simulation scheme, the device circuit scheme is only a microcontroller that 

will control the entire process in this monitoring system. Where the sensor will work if there is a moving DC 
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load, from a power supply source, the next process is to monitor the devices that are on the application 

interface that has been designed [29]. In the output part of this system consists of: 

1. In a substation and transformer monitoring application system that displays current and voltage 

measurements in real-time. 

2. Light emitting diode (LED) indicator 

3. Green indicator LED functions as a live substation indicator 

4. The red LED indicator functions as a dead switch. 

5. The entire substation travel process will be automatically saved to SAIDI/SAIFI. 
 

 

 
 

Figure 2. Schematic of a device circuit 
 

 

The design of the monitoring application uses fuzzy logic inference techniques with the Mamdani 

fuzzy method based on the following steps [28]: 

1. Enter variables in the form of current and voltage 

2. Output variables in the form of loading transformers 

3. Fuzzy Mamdani Inference is generated from entering variables, output variables, and knowledge base. 

4. Knowledge Base based on 9 Rules namely: 

a. [R1] If the Current is Low and the Voltage is Low then the Load of sTransformer is Low. 

b. [R2] If the Current is Normal and the Voltage is Low then the Load of the Transformer is Low. 

c. [R3] If the Current is High and the Voltage is Low, the Load Transformer is Low. 

d. [R4] If the Current is Low and the Voltage is Normal, then the Transformer Loading is Normal. 

e. [R5] If the Current is Normal and Normal Voltage, then Normal Transformer Loading. 

f. [R6] If the High Current and Voltage are Normal, the Transformer Loading is Normal. 

g. [R7] If the Current is Low and the Voltage is High then the Load Transformer is High. 

h. [R8] If the Current is Normal and the Voltage is High, the Load Transformer is High 

i. [R9] If the High Current and High Voltage the Load Transformer is High. 
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3. RESULTS AND ANALYSIS 

After performing an experiment or operation, the data is collected in a database. The data processing 

collected will be displayed in this form as shown in Figure 3. The results of the data processing are called 

SAIDI and SAIFI. SAIDI is the result of a long blackout in a second, while SAIFI is how many feeders 

experience problems in a day. Limits for SAIDI and SAIFI are per second and per day. This is taken because 

it follows the simulation that will be carried out in real-time.  

In this sensor system, as shown in Figure 4 and Figure 5, the method used is fuzzy mamdani logic, 

there are two input variables, namely current and voltage. Here are the classifications: 

− Current: {Low, Normal, High} 

− Voltage: {Low, Normal, High} 

Output: 

− Transformer Load: {Low, Normal, High} 

 

[𝑥] {

0;
(𝑥 − 𝑎) (𝑏 − 𝑎)⁄

1;
(𝑑 − 𝑥) (𝑑 − 𝑐)⁄

;  

𝑥 ≤ 𝑎 𝑜𝑟 𝑥 ≥ 𝑑
𝑎 < 𝑥 ≤ 𝑏
𝑏 < 𝑥 ≤ 𝑐
𝑐 < 𝑥 ≤ 𝑑

 

 

 

 
 

Figure 3. Interface monitoring scada software 

 

 

 
 

Figure 4. SCADA simulation tool scheme 
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I 

 

Figure 5. SCADA running simulation 

 

 

The membership function in Mamdani fuzzy logic has been created based on input current and 

voltage variables. Currently: Low {0, 600} parameters created {0, 350, 450, 600}, Normal {400–650} 

parameters created {400, 500, 550, 650}, parameters High {≥600} created {600, 650, 750, 1000}, when 

determining voltage: low {≤10.5} from Parameter {0 4 7 10.5}, Normal {9-14} Parameters {9, 10, 13, 14} 

and high {≥13} — Parameters {13, 14, 15, 16}. The following rules are obtained: 

[R1] IF (Low Current) AND (Low Voltage) THEN (Low Transformer Load) 

[R2] IF ([Normal Current) AND (Low Voltage) THEN (Low Transformer Load) 

[R3] IF (High Current) AND (Low Voltage) THEN (Low Transformer Load) 

[R4] IF (Low Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

[R5] IF (Normal Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

[R6] IF (High Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

[R7] IF (Low Current) AND (High Voltage) THEN (High Transformer Load) 

[R8] IF (Normal Current) AND (High Voltage) THEN (High Transformer Load) 

[R9] IF (High Current) AND (High Voltage) THEN (High Transformer Load) 

 

The rules on the fuzzy mamdani logic used are the MIN Method.  

 

[R5] IF (Normal Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

[R6] IF (High Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

[R8] IF (Normal Current) AND (High Voltage) THEN (High Transformer Load) 

[R9] IF (High Current) AND (High Voltage) THEN (High Transformer Load) 

 

𝜇𝑁𝑜𝑟𝑚𝑎𝑙 Current [630] 

= (20) (100) = 0.2 

𝜇High Current [630] 

= (30) (50) = 0.6 

 

𝜇𝑁𝑜𝑟𝑚𝑎𝑙 Voltage [13.23] 

= (0.77) (1) = 1 

𝜇High Voltage [13.23]  

= (0.23) (1) = 1 

 

𝛼 –predicate (fire strength) for each rule is: 

[R5] IF (Normal Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

α - predicate5 = Current Current Normal ∩ Normal Voltage 

= min (μArusNormal (630), μ (μNormal Voltage (13.23)) 

= min (0.2; 0.77) 

= 0.2 

 

[R6] IF (High Current) AND (Normal Voltage) THEN (Normal Transformer Load) 

α - predicate6  = Current High Current ∩ Normal Voltage 
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= min (High Flow (630), μ (Normal Voltage (13.23)) 

= min (0.6; 0.77) 

= 0.6 

 

[R8] IF (Normal Current) AND (High Voltage) THEN (High Transformer Load) 

α - predicate8  = Current Current Normal ∩ High Voltage 

= min (μ Normal Normal (630), μ (High Voltage (13.23)) 

= min (0.2; 0.23) 

= 0.2 

[R9] IF (High Current) AND (High Voltage) THEN (High Transformer Load) 

α - predicate9  = 𝜇 Normal Current ∩ Normal Voltage 

= min (normal current (630), μ (normal voltage (13.23)) 

= min (0.6; 0.23) 

= 0.23 

 

The next process is the result of the functional implications of each rule, the MAX method is used to 

compose all rules. The result is as shown in Figure 6. 

The test results are shown in Figure 7, of the 9 Rules for testing the output of input currents 

containing transformers and voltage sensors, the results obtained in rule [8] with IF inference (Normal 

Current; (630) AND (High) Voltage; (13.2) TRAFFIC) (High Transformer Load). 

 

 

 
 

Figure 6. Composition between 

rules 

 

 
 

Figure 7. Display of results R [8] in Matlab 

 

 

4. CONCLUSION 

The application of Mamdani fuzzy logic to learning media Introduction to SCADA technology is a 

telemetry aspect. The completion of Mamdani fuzzy logic is made in 3 stages, namely the formation of 

Mamdani fuzzy logic, the application of the implication function, and the max method. The transformer load 

condition monitoring system is made by measuring current and voltage through sensors in real-time to the 

transformer in the distribution system. Based on the results of the Mamdani Fuzzy Logic Rule test on the 

input current output containing the transformer and the voltage sensor, the results are obtained in rule with IF 

inference (Normal Current; (630) AND Voltage (High); (13.2) TRAFFIC) (High Transformer Load). This 

result can be used as a decision in determining based on simulations performed. The results of Mamdani 

fuzzy logic inference design on the substation information distribution load on the transformer load 
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conditions low, normal, and high, where later students can understand what actions should be taken in this 

condition, in particular, can consider the transformer maintenance. 
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