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ABSTRACT: This study used the fuzzy logic-based system to estimate the output current of a solar panel system at specified 

amount of power and percentage of cloud cover in the atmosphere. This established the fuzzy rule-based system which was applied 

from a research study to analyze the behavior of the current output wherein the available solar panels are three 100 watts and two 

50 watts making it difficult to measure the current with power of 175 watts and 350 watts. The amount of the produced current was 

established through the fuzzy rule-based system stated as the following: if the power is low and the atmosphere is almost cloudy 

then the current produced is very small; if the power is high and the atmosphere is cloudy then the current produced is small; if the 

power is medium and the atmosphere is partially cloudy then the current produced is average; if the power is high and the atmosphere 

is clear then the current produced is large. Through defuzzification the fuzzy system was implemented by computing the output 

value using the centroid method. 
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I. INTRODUCTION  

A 12V system is classified as a low-voltage electrical 

system that uses 12 volts direct current (DC) power. It is 

usually connected to a battery or multiple batteries. 

Commonly, this form of electrical system is in off-grid living 

situations, that was used for appliances lighting of tiny homes 

incorporating renewable energy sources, such as wind or 

solar power. In the past few years, renewable energy has 

greatly spread out in the global energy market (Dafallah, 

2018) that in 2016, the number of investments was counted 

as more than double the amount spent on non-renewable 

energy sources like cool and gas fire plants [Dafallah et al., 

2017]. A sophisticated electrical energy management system 

is needed to coordinate the power flows within a 12-volt 

electrical system (Tan et al., 2022). Direct measurements of 

physical quantities obtained from the network are referred to 

as “measurements.” However, pseudo measurements 

incorporate any input data to the state estimation that is 

artificially synthesized to approximate non-measured 

physical quantities. Due to the lack of adequate 

measurements in distribution systems, state estimation 

heavily relies on pseudo measurement (Taczi, 2023). The 

theory of the pseudo-analysis has shown some important 

applications in fuzzy logics and fuzzy sets (Pap, 2022). Due 

to lack of field measurements, the data used in network 

analysis have various degrees of uncertainties. The use of 

fuzzy logic-based models can address this issue. To mitigate 

the negative impact generated by the lack of continuity of the 

electricity service, models have been developed using fuzzy 

logic and Artificial Intelligence (AI) techniques to identify 

faults in distribution systems and take corrective actions 

(Perez et al., 2018). Accordingly, the application of this 

approach to the on-line estimation of the field and the 

armature resistance of DC series motor shows a rapidly 

converging estimate and the algorithm developed is 

potentially useful in order to implement a robust closed-loop 

control (Jabri et al, 2008). The theory of fuzzy sets was used 

to solve complex problems which considered that an element 

of the universe can be part of a defined set, based on the 

knowledge and experience acquired (Castillo et al, 2007). In 

case study of an electro mechanical system, the structure of a 

fuzzy system is defined by the number of fuzzy sets of each 

variable and their distribution in the universe set [Branco et 

al., 1995). The simulations for the validation of the fuzzy 

model determined that there is a correspondence between the 

statistical ranges established for the membership functions of 

the input variables and the output of the model used by the 

inference engine (Andrade-Benavides et al, 2022). In the face 

of future disconnection events, it was used to identify 

unbalanced radial power distribution system that service 

restitution times could be shorter and service reliability will 

increase (Das, 2005).  

The development of a fuzzy model is defined according to 

the characteristics of the system, which can be analyzed 

through a set of rules that characterize the simple or complex 

relationships of the model [Branco and Dente, 1998). The 

implemented model is capable of obtaining an output, which 

by means of adopted membership functions, allowed to 
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express in percentage terms the efficient management of the 

electricity distribution company (Andrade-Benavides et al, 

2022). The development of fuzzy logic models requires 

experience and technical knowledge, which are expressed 

through membership functions and fuzzy rules (Shirazi & 

Jadid, 2019). Data ranges are used to design a fuzzy system. 

These ranges are primarily based on experience and statistical 

analysis of historical data, which define the membership 

functions and the decision matrix [Dernoncourt, 2013]. There 

are several investigations on fuzzy logic and electrical power 

distribution systems that some models were proposed using 

fuzzy logic, making it possible to reduce the impact on the 

continuity of the service considering that failures in an 

electrical system. (Gururajapathy, 2017). An adaptive 

protection system is developed based on fuzzy logic models, 

to perform the adjustment of fault currents in over-current 

protection relays (Momeso et al, 2019). 

Another application that was developed was based on the 

energy distribution available in charging centers for electric 

vehicles (Hussain, 2019). Faced with a permanent failure, the 

network element is severely affected, extending the times for 

the restitution of the service with corrective actions [Husain, 

2018).  On this study, the process was employed in a research 

study to scrutinize the behaviour of the current output, 

complicated by the presence of three 100-watt solar panels 

and two 50-watt panels, making it challenging to measure 

currents of 175 watts and 350 watts. 

This study was used to estimate the amount of current 

produced based from the power of the solar panel and the 

quantity of cloud cover. The fuzzy rule-based system was 

established that ultimately was used to estimate the output 

current of the solar panel with varying amount of power and 

cloud cover in the atmosphere.   

 

II. METHODOLOGY 

The methodology was focused on the materials used, the 

designed system, and data gathering process. 

A. Materials Used  

The materials used are the following: solar panels with 3-50 

watts and 4-100 hundred watts capacity, electrical wire, 

electrical tape. A digital multimeter was used to measure 

current. The main advantage of this device is the exact 

performance working with an algorithm that is suitable for 

on-line measurements, without the high computational 

burden (Petrovic, 2004). 

B. The Designed System 

The solar panels were connected in parallel connection. The 

system was designed to produce a total voltage (VT) of 12 

volts and a total power (PT) of 400 watts. With the designed 

system, the total current output at certain amount of cloud 

cover were measured. The diagram is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Diagram of the solar panel in parallel 

connection 

 

Theoretically, the total voltage of the connected panel is 

equal to the voltage of the individual panel while the total 

power is the sum of the power of the individual panel and the 

total current is the sum of the individual current produced by 

the panel (Mathur, 2009), (Romero, 2023). The equations for 

total current (IT), total voltage (VT) and total power (PT) are 

presented as follow:  

 

                                                                 (1) 

 

                                                            (2)  

 

                                                                    (3)   

 

The real power generated from the solar photovoltaic array 

is much less than the designed power, so that the loss of load 

probability increases, however, under complex irradiance 

conditions, the power generating capability of the 

photovoltaic system that adopted the parallel configuration of 

the individual cell level could produce approximately twice 

that of a conventionally configured series system (Reddy & 

Reddy, 2016). 

C. Data Gathering Process 

The first set of data was obtained from the output of a solar 

panel 12 volts and 50 watts capacity using digital multimeter 

with current generated at varying amount of cloud cover in 

the atmosphere. The cloud cover was measured by analysing 

the pattern of photographic shots which were done at every 

attempt of measuring the generated current. Photographic 

shots with clear atmosphere were considered as less than 50% 

cloud cover while with almost cloudy atmosphere in the 

image is more than 50% cloud cover. The time of taking the 

data is from 6:00AM, 9:00AM, 12:00 noon, 1:00PM, 3:00PM 

and 5:00PM. Another set of data was obtained from 12 volts 

and 400 watts solar panel. The 12 V, 400 W solar panel is 

composed of three 12 V, 100W and two 12 V, 50 W solar 
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panels that were connected in parallel. Careful observation 

was done in data gathering process.   It was revealed that solar 

collectors in parallel does not decrease the collector’s 

efficiency as the output temperature level through the panel 

remains relatively lower (Mustapha et al, 2015). There was 

also statement that if the shading covered the cells partially, 

then the drop in the power output is proportional to area of 

the shade in which the current output is equal to the lowest 

among the cell (Sathyanarayana et al, 2015). 

The measurement of current production may encounter 

challenges due to the varying availability of solar panels 

within the system. With three panels rated at 100 watts each 

and two panels rated at 50 watts each, accurately gauging 

current output becomes complex, especially when dealing 

with power outputs of 175 watts or multiples thereof like 350 

watts, hence, actual measurements were done at the power of 

50 watts and 400 watts while the rests were analysed through 

fuzzy inference systems. The following are the steps included 

in fuzzy interference system (Knights & Gacosvi, 2023): the 

first is fuzzification, which maps the crisp input values to 

degrees of membership in fuzzy subsets. The second is 

inference, which uses the rules in the rule base to determine 

the degree to which each rule applies, based on the fuzzy 

input. The third is defuzzification, which aggregates the 

results of the inference process to produce a crisp output. The 

fourth step which is optional is the evaluation of the output, 

where the results are analysed and compared to the desired 

results. 

 

III.  RESULTS AND DISCUSSION 

The fuzzy rule-based system, the statement of the model, 

and current in relation to power and cloud cover were 

discussed as follows:  

A. The Fuzzy Rule-Based System 

The fuzzy logic-based system was used to estimate the 

current produced by the solar panel system at specific amount 

of power and percentage of cloud cover. Various parameters, 

such as the number and the base width of the triangular 

membership functions used for the fuzzification process are 

with assigned values in order to optimize the estimation 

(Asimakopoulou, 2011), however the important parameters 

that were taken are aggradation and evaluation of rules, 

fuzzification, and defuzzification process. Aggradation of 

rules was able to established that if the capacity of the power 

source is low and the atmosphere is almost cloud covered, 

then the produced amount of current is small while if the 

capacity of the power source is high and the atmosphere is 

less covered with clouds then the produced amount of current 

is large. In the fuzzification process, the input membership 

levels are calculated. The graph for power of the solar module 

was established to calculate the input membership as low, 

medium and high level shown in figure 2. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Graphical illustration of the power capacity of 

the solar panel 

 

The graph for percentage of cloud cover also was established 

to calculate the input membership level as cloudy, partially 

cloudy and clear atmosphere shown in figure 3. 

 

 

 

 

 

 

 

Figure 3. Graphical illustration of the atmospheric cloud 

cover 

 

The graph for current was established to calculate the input 

membership as small or large level shown in figure 4. 

 

 

 

 

 

 

 

 

 

Figure 4. Graphical illustration of the produced current 

 

B. Statement of the fuzzy rule-based model 

Based from the established representations regarding 

power capacity of the solar panel, the cloud cover in the 

atmosphere and the expected current to be produced, the 

fuzzy rule-based model was introduced as shown in Table 1. 

 

Table 1. Statement Of The Fuzzy Rule-Based Model 

Rule Statement 

1 If the power is low and the atmosphere is almost 

cloudy then the current produced is very small. 

2 If the power is high and the atmosphere is cloudy 

then the current produced is small. 

3 If the power is medium and the atmosphere is 

partially cloudy then the current produced is 

average. 

4 If the power is high and the atmosphere is clear 

then the current produced is large. 

https://www.sciencedirect.com/topics/engineering/fuzzification
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The presented statements shows that the amount of the 

current produced in the system varies with the capacity of the 

solar power system and the amount of cloud cover in the 

atmosphere.   

C. Current in relation to power and cloud cover 

Defuzzification plays an important role in the 

implementation of a fuzzy system since the crisp value 

generated best represents the possibility distribution of all 

possible fuzzy control outputs, however the centroid method 

is usually used to determine the output value by calculating 

the centroid of gravity of the possibility distribution of the 

outputs that for continuous values, the output Z is calculated 

using the equation (Mogharreban & Dilalla, 2006).  

 

 

                                                           (4)                   

 

 

The relationship between the power (P) of the solar panel, 

cloud cover (CC) and current (I) are quantified using the 

centroid method. This action is necessary for it was found 

from the previous data that both the power output of the solar 

panel, and the amount of cloud covering give significant 

effect on the current produced by the solar panel. The result 

is shown in table 2. 

 

Table 2. Current, Power & Cloud Cover 

Parameters Data taken 

P(W) CC 

(%) 

I(A) 

50 90 0.06 By actual observation 

50 0 0.30 By actual observation 

   by Fuzzy-Rule Based Model 

175 69.75 7.54 P is low with cloudy atmosphere 

350 69.75 7.65 P is high with cloudy atmosphere 

175 31.25 9.64 P is medium in partial cloudy 

atmosphere 

350 31.25 9.78 power is high in clear atmosphere 

400 90 10.18 By actual observation 

400 0 12.94 By actual observation 

 

Through the centroid method, several data were computed, 

particularly the amount of current when the power outputs of 

the solar panel at 175W and 350 watts with cloud cover of 

31.25% and 69.75%. The fuzzy rule based covered are the 

following: when the power is low with cloudy atmosphere; 

when the power is low with cloudy atmosphere; when the 

power is medium with partially cloudy atmosphere, when the 

power is medium with partially cloudy atmosphere; when 

power is high with clear atmosphere. Respectively, the then 

condition are as follows: the current produced is very small; 

the current produced is small; the current produced is average. 

the current produced is large. Using the rules and conditions 

was able to estimate the amount of current produced for a 

specified amount of power of the solar panel system and the 

cloud cover. It is necessary that the characteristics of solar 

panels be understood under partially shading before their 

installation is carried out under various conditions that 

modeling have to be applied (Seyedmahmoudian et al, 2013). 

 

CONCLUSIONS 

This study was able to estimate the amount of the produced 

current based from the power of the solar panel system and 

quantity of cloud cover. That is by establishing fuzzy rule-

based system. The fuzzy rule-based model was stated as the 

following: if the power is low and the atmosphere is almost 

cloudy then the current produced is very small; if the power 

is high and the atmosphere is cloudy then the current 

produced is small; if the power is medium and the atmosphere 

is partially cloudy then the current produced is average; if the 

power is high and the atmosphere is clear then the current 

produced is large. Through defuzzification the fuzzy system 

was implemented by computing the output value using the 

centroid method. 

 

ACKNOWLEDGMENT 

The researcher would like to acknowledge the support 

extended by the Partido State University (PSU) 

administration through the leadership of President Dr. Arnel 

B. Zarcedo and Vice President for Research and Extension 

Patricia Candelaria and Research Director specially when it 

comes to financial and moral responsibility. 

 

REFERENCES 

1.  Dafallah, K.O. (2018). Experimental study of 12V 

and 24V photovoltaic DC refrigerator at different 

operating conditions. Physica B: Condensed Matter, 

545(2018), 237-244. 

2. Dafallah, K.O. M. Benghanem, S.N. Alamri, A.A. 

Joraid, A.A. Al-Mashraqi (2017). Experimental 

evaluation of photovoltaic DC refrigerator under 

different thermostat settings. Renewable Energy, 

113(2017), 1150-1159. 

3. Tan, Ömer, Daniel Jerouschek, Ralph Kennel, and 

Ahmet Taskiran (2022). Energy management 

strategy in 12-Volt electrical system based on deep 

reinforcement learning. Vehicles, 4(2), 621-638.  

4. Táczi, István, István Vokony, Lilla Barancsuk, 

Gábor Mihály Péter, Balázs Tőzsér, Bálint 

Hartmann (2023). Role of voltage control devices in 

low voltage state estimation process", International 

Transactions on Electrical Energy Systems, 2023, 

(Article ID 6614905), 22 pages. 

5. Pap, Endre (2022). Pseudo-analysis as a tool of 

information processing, Proceedings, 81(1), 116.  

6. Perez, R., E. Inga, A. Aguila, C. V´asquez, L. Lima, 

A. Viloria, and M.-A. Henry (2018). Fault diagnosis 



“Current Output Estimation of 12 Volts Solar Power Line Source Using Fuzzy Logic-Based Modelling Technique” 

3842                                                                      Raymundo V. Romero, ETJ Volume 9 Issue 04 April 2024 

 

on electrical distribution systems based on fuzzy 

logic, in International Conference on Swarm 

Intelligence. Springer, 174–185. 

7. Jabri, Majed & Chouiref, Houda & Jerbi, Houssem 

& Braiek, Naceur. (2008). Fuzzy logic parameter 

estimation of an electrical system. 1 – 6. 

8. Castillo, O., P. Melin, J. Kacprzyk, and W. Pedrycz 

(2007). Type-2 fuzzy logic: theory and 

applications,” in 2007 IEEE international 

conference on granular computing (GRC 2007). 

IEEE, 145–145. 

9. Branco, P. C., N. Lori, and J. Dente (1995). New 

approaches on structure identification of fuzzy 

models: Case study in an electro-mechanical system, 

in World Wisepersons Workshop. Springer, 104–

143. 

10. Andrade-Benavides, Dayan, Diego Vallejo-

Huangga & Paulina Morillo (2022), Fuzzy logic 

model for failure analysis in electric power 

distribution system, Procedia Computer Science, 

204(2022), 497-504. 

11. Das, B. (2005), Fuzzy logic-based fault-type 

identification in unbalanced radial power 

distribution system, IEEE Transactions on Power 

Delivery, 21(1), 278–285. 

12. Branco, P. C. and J. Dente (1998). An experiment in 

automatic modeling an electrical drive system using 

fuzzy logic, IEEE Transactions on Systems, Man, 

and Cybernetics, Part C (Applications and Reviews), 

28(2), 254–262. 

13. Andrade-Benavides, D., Diego Vallejo-Huangga & 

Paulina Morillo (2022), Fuzzy logic model for 

failure analysis in electric power distribution 

system, Procedia Computer Science, 204(2022), 

497-504. 

14. Shirazi, E. and S. Jadid (2019), A multiagent design 

for self-healing in electric power distribution 

systems, Electric Power Systems Research, 

171(2019), 230–239. 

15. Dernoncourt, F. (2013), Introduction to fuzzy logic,” 

Massachusetts Institute of Technology, 21(2013). 

16. Gururajapathy, S. S., H. Mokhlis, and H. A. Illias, 

(2017), Fault location and detection techniques in 

power distribution systems with distributed 

generation: A review,” Renewable and Sustainable 

Energy Reviews, 74(2017) 949–958. 

17. Momesso, E., W. M. S. Bernardes, and E. N. Asada 

(2019), Fuzzy adaptive setting for time-current-

voltage based overcurrent relays in distribution 

systems,” International Journal of Electrical Power 

& Energy Systems, 108(2019), 135–144. 

18. Hussain, S., M. A. Ahmed, and Y.-C. Kim (2019). 

Efficient power management algorithm based on 

fuzzy logic inference for electric vehicles parking 

lot, IEEE Access, 7(2019), 65467–65485. 

19. Hussain, Z. (2018). Fuzzy logic expert system for 

incipient fault diagnosis of power transformers, 

International Journal on Electrical Engineering and 

Informatics, 10(2), 300–317. 

20. Petrovic, Predrag (2004). New digital multimeter for 

accurate measurement of synchronously sampled 

AC signals. Instrumentation and Measurement, 

IEEE Transactions on. 53. 716 – 725. 

21. Mathur, Badrilal (2009). Effect of shading on series 

and parallel connected solar PV modules, Modern 

Applied Science, 3(10), 32-41. 

22. Romero, Raymundo (2023). Battery Charging 

Performance Using 12 Volts Solar Power Line 

Source. Engineering and Technology Journal, 8(9), 

2789-2794. 

23. Reddy, R., D. & R. Veera Sudarasana Reddy (2016). 

Study on series and parallel connected photovoltaic 

system under shadow conditions, IOSR Journal of 

Electrical and Electronics Engineering, 11(1), 36-

40. 

24. Mustapha, K., Saheb Djohra, Hamza Belkhamsa 

(2015).  Effect of parallel and series connection 

configuration of solar collector on the solar system 

performances, paper presented in 6th International 

Renewable Energy Congress. 

25. Sathyanarayana P., Rajkiran Ballal, Lakshmi Sagar 

P. S. & Girish Kuma (2015). Effect of Shading on 

the Performance of Solar PV Panel, Energy and 

Power, 5(1-A), 1-4. 

26. Knights, A., Vesna & Gacovski, Zoran (2023). 

Fuzzy rule-based system as a method of modeling 

for estimation quality of the Vardar River. American 

Scientific Research Journal for Engineering, 

Technology, and Sciences. 

27. Asimakopoulou, G.E., V.T.Kontargyri,, 

G.J.Tsekouras, Ch.N.Elias, F.E.Asimakopoulou, 

I.A.Stathopulos (2011), A fuzzy logic optimization 

methodology for the estimation of the critical 

flashover voltage on insulators, Electric Power 

Systems Research, 81,(2), 580-588. 

28. Mogharreban, N. & L.F. Dilalla (2006), Comparison 

of defuzzification techniques for analysis of non-

interval data, Conference Paper in Annual 

Conference of the North American Fuzzy 

Information Processing Society – NAFIPS – July 

2006. 

29. Seyedmahmoudian, M., Mekhilef S, Rahmani R, 

Yusof R, Renani E. (2013). Analytical Modeling of 

Partially Shaded Photovoltaic Systems. Energies, 

6(128). 

 

https://www.researchgate.net/profile/Saheb-Djohra
https://www.researchgate.net/scientific-contributions/Hamza-Belkhamsa-2081290251
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!
https://www.sciencedirect.com/science/article/abs/pii/S0378779610002592#!

