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ABSTRACT 

Agriculture is a vital industry that affects the livelihoods of many people. Given the 

reduction in agricultural employees and the increasing strain on farmers, this sector 

requires convenience, which the automation system may provide. One of the 

automations is mobile manipulator implementation to substitute farmers.  This study 

investigates the automatic battery charging system supported by the Fuzzy Logic 

Controller (FLC) to power a mobile manipulator. The application of solar charging 

is an ideal power source for the robot applied in the open field with high irradiance 

all year long. This charging system is equipped with IoT monitoring online to 

monitor the available power produced by solar panel and the battery capacity 

condition. The effectiveness of the proposed method is proven by experiments 

conducted for ten times charging in ten days, where the highest power produced by 

the panel is 1.080 W with 0.563 W charged to the battery. The highest irradiance 

comes with the highest surface panel temperature of 58.9OC at the irradiance rate of 

1021 W/m2. The experimental results show the possibility of the solar-powered 

robot, which is ideal for agriculture implementation. 

Keywords: Fuzzy Logic Controller, Internet of Things, Mobile Manipulator, 

Renewable Energy, Solar-powered Robot, Solar Panel.   

 

1. INTRODUCTION 

 

Agriculture is a vital industry that affects the livelihoods of many people. 

However, it is regrettable that the agricultural day is gradually being abandoned by 

the younger generation, who believe that this sector is unprofitable, and that the 
farmer profession is less proud and less preferable. Agriculture is gradually losing 

its status in Indonesia, as seen by the increasing number of agricultural lands that 

have been converted into shops or factories. 

Given the reduction in agricultural employees and the increasing strain on 

farmers, this sector requires convenience, which the automation system may 

provide. Digital agricultural applications are made possible by technological 

developments and the ease of obtaining components of technology that are also 

becoming increasingly inexpensive [1]. This digital farm is supposed to facilitate 

farmers' work and, to a lesser extent, make this activity more popular among the 

younger generation, who are generally interested in the latest technology.  
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A robot application in agriculture is one example of digital farming [1]-[3]. 

Farmers will benefit from using robots, and the cost of building robots is now 

considerably lower because components such as sensors, motors, and 

microcontrollers are becoming more affordable and widely available. Various types 

of robots can be used in agriculture, such as seed sowing [4], pest control on plants 

[5][6], harvesting [8]-[10], and even post-harvest processing. 

The agricultural robot does not need to be overly advanced to perform well. The 

material to build a robot can be modified to the local availability; for example, a 

robot body can be built of wood or light acrylic. The main components of the robot 

are sensors that are tailored to robot application requirements, a camera when the 

robot is required to have an eye, and motors as the actuators. Mobile robots are the 

most suitable robot applied in agriculture due to their mobility [8]-[10]. However, an 

agriculture robot is also required to have a hand as the substitute for a farmer's hand 

[11]-[14]. Thus, a mobile manipulator is the most appropriate type of robot applied 

in agriculture [4][7][16]-[19]. 

One of the challenges that farmers will face when integrating robotics in 

agriculture is the power supply for the robots. Farmers will be burdened by the use 

of batteries that must be replenished on a regular basis. Therefore, alternative energy 

is required to make farming easier and less expensive. This alternative energy comes 

from the sky in the form of sunlight, which shines all year [20][21]. Agricultural 

robots are almost probably utilized in fields that receive the most sunlight that can 

be utilized to power the agricultural robots. An IoT-based online monitoring system 

can help farmers check the battery capacity installed on the robot and when to 

charge the robot [22]. 

This paper covers a preliminary study of a solar-powered mobile manipulator 

used in agriculture. This study investigates the automatic battery charging system 

because it is critical in maintaining the robot's power supply. The charging 

automation is supported by the Fuzzy Logic Controller (FLC) application to ensure 

the battery is never too low capacity or too full. Fuzzy Logic Controller (FLC) 

makes the robot decide based on the conditions found during its application [23]-

[27]. Solar energy is promising because the robot is deployed in a field where the 

sunlight directly hits the PV panel and charges batteries [28]. This advantage of 

solar power is a promising supply for an agricultural robot. The analysis in this 

paper is supported by an experimental testbed of a mobile manipulator.  

 

 

2. MATERIAL AND METHODS 

 

This study describes the design of a battery charging mechanism for agricultural 

robots. The charging system utilizes a solar panel that receives direct sunshine. A 

mobile manipulator, which has a base like a mobile robot and hands like an arm 

robot manipulator, was used in this investigation. The mobile manipulator's power 

source is a battery charged by a solar panel; hence this robot is referred to as a solar 

mobile manipulator. 

 

2.1 MOBILE MANIPULATOR DESIGN 

 

Mobile robots are the most applied robot in industry and domestic applications, 

ranging from a service robot to entertainment. In order to enhance its ability, it is a 
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common practice to add a manipulator to a mobile platform creating a system with 

at least nine degrees of freedom (DOF). A mobile manipulation system combines 

the mobility of a mobile platform with the dexterity of the manipulator. The 

additional degrees of freedom provided by the mobile platform also present users 

with more options. A mobile manipulator has the advantages of being lightweight 

compared to a static arm robot manipulator, compact combining mobile robot and 

arm robot, power-efficient due to battery-powered, and portable as the main 

features. 

 

 

 
 

FIGURE 1. Block diagram of the proposed solar-powered mobile manipulator. 

 

A block diagram is an essential component in a robot's design to show how the 

entire robot works and is activated, from the input to the output. Figure 1 shows the 

design of the solar-powered mobile manipulator considered in this study. The 

primary source of power for the robot comes from the sun, converted into electricity 

by a mini solar panel.  

The inputs include cameras, sensors, and battery charging from the solar panel, 

while the outputs are DC motors and servos to operate the robot. The controllers are 

the Raspberry Pi, which handles image processing, and the Arduino processes all 

inputs and sends the proper sequence to activate the motor. The sensors 

implemented in the mobile manipulator are proximity sensors and voltage and 

current sensors. Proximity sensors are attached to the base and end-effector of the 

arm robot to ensure the robot can avoid any obstacle found. The camera is for any 

application that requires the robot to see the targeted object. Voltage and current 

sensors are utilized to detect how much voltage and/or current are charged to the 

battery to prevent overcharging. Figure 2 shows the mobile manipulator applied in 

this study.  
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FIGURE 2. Block diagram of the proposed solar-powered mobile manipulator. 

 

 

The installed components on mobile manipulator in Figure 2 are 

1. Two mini solar panel with 2 Volt 1.5 Watt for each panel  

2. Three lithium-ion batteries with 18650 type, 3.7 Volt, 30 A, and 2600 mAh  

3. Pi Camera for object detection.  

4. Four ultrasonics HR-SR04 as proximity sensor 

5. Arduino Mega 2560  

6. Five servo motors as the arm robot manipulator actuators 

7. Four DC motors to move the mobile base. 

 

 

2.2 IOT MONITORING DESIGN 

 

This research uses a cellular network or WiFi linked to a cellphone and a variety 

of charging devices on the robot. By using an Internet of Things (IoT) monitoring 

system, a mobile manipulator user can monitor the charging system in the form of 

how much voltage and current are being charged to the battery.  This system is 

helpful during the application of a mobile manipulator since farmers can monitor the 

robot's performance remotely. Therefore, online monitoring is more beneficial than 

manually increasing the efficiency of time and human resources. The Blynk 

application is applied in this study's IoT monitoring system. 

This study's mobile manipulator includes a current and voltage sensor that 

measures how much current, and voltage enters the battery to prevent overcharging. 

The voltage and current values from the sensors are sent into the Arduino. Arduino 

sends this data to the cloud, allowing farmers to monitor how much voltage and 

current is charged into the battery and the current value of the battery voltage and 

current. All of this data will be monitored and kept up to date online using IoT 

technologies.  
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FIGURE 3. Diagram schematic of IoT monitoring system applied in this study. 

 

 

2.3 SOLAR PANEL MODELING 

 

The Photovoltaic cell is modelled as an ideal diode shown in Figure 4a to 

analyse the current and voltage produce as the irradiance from the sun hits the 

semiconductor inside the cell. The electrons in silicon, as the most used 

semiconductor material, are excited and move to the positive side (conduction band), 

and holes move to the negative side. As the electrons and holes move, respectively, 

the second region or the depletion region will have the same number of electrons 

and holes, creating a barrier with the same principle as a diode [29]. The generated 

current (I) during this excitation is given by: 

 

I = Iph − I0 (eq(
V+IRs

AkT
) − 1) −

V + IRs

Rsh
 

(1) 

 

where Iph is the photocurrent, Rs is series resistance, Rsh is shunt resistance, ID is 

voltage-dependent current due to recombination, and V is voltage.  

 

The result of this modeling, the IV curve in Figure 4b is given as the illustration 

of the maximum power (PMP) produced by a solar cell. PMP is the function of short-

circuit current (Isc) and open-circuit voltage (Voc). Hence, the efficiency of a solar 

cell is   

 

η =
𝑃out

𝑃in
x100%, =  

Imp ∙ Vmp

Pin
x 100%, 

(2) 
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where Imp and Vmp are the maximum current and voltage produced by the PV cell. 

 

 
 

FIGURE 4. PV cell modeling as an ideal diode [29]. 

 

 

2.4 FUZZY LOGIC CONTROLLER CHARGING DESIGN 

 

The robot's automated charging controller employs a Fuzzy Logic Controller 

(FLC) to aid decision-making based on previously established rules, also known as 

the rule base. FLC will be the input to decide the switching charging and no 

charging settings on the battery automatically based on the input from the battery's 

current capacity. The battery's current capacity data is given by the amount of 

voltage collected from the solar cell. The feasibility of FLC design in this study is 

simulated using Scilab [23]-[27]. 

 

TABLE 1 

Rule-based smart charging system considered in this study. 

 
No. Input 

Output Relay 
Battery Voltage Capacity Voltage Input 

1 Small Small Charging 

2 Small Medium Charging 

3 Small High Charging 

4 Medium Small Discharging 

5 Medium Medium Charging 

6 Medium High Charging 

7 High Small Full 

8 High Medium Full 

9 High High Full 

 

 

The rules considered in this research are; IF Voltage sensor, small voltage, and 

small solar voltage, THEN Relay Battery Charging. The complete smart charging 

rules is presented in Table 1. 
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FIGURE 5. Membership function of inputs considered in this study. 

 

The number of membership function inputs shown in Figure 5 is from battery 

capacity and the amount of voltage produced by the solar panel. The battery capacity 

Fuzzy set consists of Small (8 8.5), Medium (8 8.11), and High (10.5 12). The 

produced voltage from the solar panel also consists of three fuzzy sets; Small (8 

10.5), Medium (10 12), and High (12 12.5). The membership function of output is 

relay output for charging or no charging on the battery, while the membership 

function output  given in Figure 6 is relay status for charging "OFF," not charging 

"ON," and Full "ON." 

 

 
 

FIGURE 6. Output membership function of smart charging this study. 
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3. RESULT AND DISCUSSION  

 

This paper analyzes the application of solar energy as the main supply for a 

mobile manipulator employed in agriculture. Solar energy is the ideal source for 

agriculture robots due to its application during the day and in the orchard or field 

where no shading and maximum irradiance is applied. 

 

 
 

FIGURE 7. Output membership function of smart charging this study. 

 

 

The battery charging experiment was conducted ten times. The battery to move 

the robot is charged by a solar panel until full or enough to move the mobile 

manipulator. The voltage and current produced by the solar panel are measured 

every 15 minutes. The experiment was conducted under varied weather, including 

sunny, cloudy, overcast, and rainy. These conditions are necessary to give the actual 

implementation of agriculture robots in tropical weather of Indonesia. Figure 7 

shows the charging system of the mobile manipulator considered in this study. 

The IoT monitoring system for a solar-powered battery charging system in this 

study includes sensor INA219 sensor and WiFi module node MCU 8266.  WiFi 

module node MCU 8266 is the development of an Internet of Things tool to access 

the internet network to send or retrieve data via a WiFi connection. The stepdown 

transformator is to reduce the voltage generated by the solar panel to avoid excessive 

voltage input. Three batteries are used to move the robot. 
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FIGURE 8. IoT monitoring system for automatic charging in this study. 

 

Figure 8 shows IoT monitoring for automatic charging in this study. The 

monitoring is including the battery capacity condition and how much voltage and 

current are produced at the moment. During sunny weather, the voltage and current 

produced by PV panels are sufficient to charge the battery. IoT-based measurements 

are performed using the nodeMCU 8266 module, which is similar to Arduino but 

has the added benefit of having WiFi; hence, the data received by the voltage sensor 

and current are converted into digital data and become input to the Arduino Mega 

2560 controller after being sent via the WiFi module. Table 2 shows the produced 

voltage and current during 10 days of experiments.  

  

TABLE 2 

The result of automatic solar charging system. 

 

Date V Load (V) I Load (A) Voc (V) Isc (A) 

01/05/2021 10.163 0.053 12.986 0.071 

02/05/2021 10.223 0.038 12.741 0.075 

03/05/2021 10.235 0.056 12.958 0.085 

04/05/2021 10.109 0.039 12.616 0.065 

05/05/2021 10.221 0.057 12.301 0.071 

06/05/2021 10.231 0.048 12.644 0.063 

07/05/2021 10.163 0.043 12.992 0.065 

08/05/2021 10.216 0.043 12.722 0.065 

09/05/2021 10.213 0.046 12.922 0.064 

10/05/2021 10.211 0.056 12.941 0.066 
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FIGURE 9. Measurement results of V Solar (Voc), V Baterai (Vload) dan I Solar 

(Isc), I Baterai (Iload) IoT. 

 

Figure 9 shows the voltage produced by the solar panel (Voc), the voltage 

charged to the battery (Vload), the current produced by the solar panel (Isc), and the 

current charged to the battery (Iload). The voltage (Voc) and current (Isc) produced 

by the solar panel are higher than the one charged to the battery. This condition 

indicates that the power produced by the solar panel is sufficient to charge the 

batteries applied in this study: the higher voltage and current produced by the solar 

panel results in a faster charging time. Table 2 and Figure show that on May 3, 

2021, the solar panel produced 0.085 A Isc and 12.958 V Voc, while the battery is 

charged with 0.085 A Iload and 10.235 V Vload.  

 

 
 

FIGURE 10. The relationship between power produced by solar panel and power 

charged to the battery.  

 

Figure 10 shows the relationship between the power produced by the solar panel 

and the irradiance received by the solar panel. The higher irradiance received by the 

solar panel, the higher power is produced. For example, on May 2, 2021, irradiance 

hits the panel was 992.1 W/m2 and the power produced by the panel is 0.945 W, and 

the power charged to the battery is 0.356 W. On the other hand, the irradiance 

received by the solar panel on May 3, 2021, was 1021 W/m2 and produced the 

power of 1.080 W and charged battery in 0.563 W. 
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FIGURE 11. The relationship between the produced power and panel surface 

temperature. 

 

The relationship between the produced power and panel surface temperature is 

shown in Figure. Even though the temperature has little influence on power 

production, the power produced more during the higher temperature. However, the 

overheated panel surface can damage the solar cell. This overheated condition can 

be resulted from partial shading by dirt and alike [30][31].  Figure 11 shows that the 

temperature on May 2, 2021, was 51.3OC, and on May 3, 2021, it was 58.9 OC. 

Irradiance received by the panel can increase the temperature; however, in the 

mountainous area, even though the irradiance is high, the temperature is maintained 

low, creating an ideal condition for a solar-powered agriculture robot [32]. 

Coincidently, plantations, such as vegetable plantations, thrive in mountainous 

areas. 
 

4. CONCLUSION 

 

This paper presents the automatic charging system for a solar-powered mobile 

manipulator applied in agriculture. The application of solar charging is an ideal 

power source for the robot applied in the open field with high irradiance all year 

long. The charging system is equipped with IoT monitoring online to monitor the 

available power from the panel and the battery capacity condition. The experiment 

was conducted for ten times charging in ten days, where the highest power produced 

by the panel is 1.080 W with 0.563 W charged to the battery. The highest irradiance 

comes with the highest surface panel temperature of 58.9 OC at the irradiance rate of 

1021 1021 W/m2. The experimental results show the possibility of powering a 

mobile manipulator with the source from the sun. This solar-powered robot is ideal 

for agriculture implementation. 

 

 

 

 

 

 



Fradina Septiarini, Tresna Dewi, Rusdianasari 

Fuzzy Logic Controller Application for Automatic Charging System Design of a Solar 

Powered Mobile Manipulator 
 

148  ISSN: 2252-4274 (Print) 

  ISSN: 2252-5459 (Online) 

REFERENCES 

 

[1] R. R. Shamshiri,C. Weltzien, I. A. Hameed, I. J. Yule, T. E. Grift, S. K. 

Balasundram, L. Pitonakova, D. Ahmad, and G. Chowdhary, "Research and 

Development in Agricultural Robotics: A Perspective of Digital Farming," Int. 

J. Agric & Biol Eng., Vol. 11, No. 4, pp. 1-14, 2018. 

[2] M. Stoelen, K. Krzysztof, V. F. Tejada, N. Heiberg, C. Balaguer, and A. 

Korsaeth, "Low-Cost Robotics for Horticulture: A Case Study on Automated 

Sugar Pea Harvesting," 10th European Conference on Precision Agriculture 

(ECPA), 2015. DOI: 10.3920/978-90-8686-814-8_34. 

[3] T. Duckett, S. Pearson, S. Blackmore, and B. Grieve, "Agriculture Robotics: 

The Future of Robotic Agriculture," UK-RAS Network Robotics & 

Autonomous System, 2018.  ISSN 2391-4414. 

[4] P. Kumar and G. Ashok, " Design and Fabrication of Smart Seed Sowing 

Robot," Materials Today: Proceedings, Vol. 39, Part 1, pp. 354-358, 2021, 

https://doi.org/10.1016/j.matpr.2020.07.432. 

[5] S. Cubero, E. Marco-Noales, N. Aleixos, S. Barbé, and J. Blasco, "RobHortic: 

A Field Robot to Detect Pests and Diseases in Horticultural Crops by Proximal 

Sensing," Agriculture 2020, Vol. 10, No. 7, 276, 2020. 

https://doi.org/10.3390/agriculture10070276. 

[6] A. S. A. Ghafar, S. S. H. Hajjaj, K. R. Gsangaya, M. T. H. Sultan, M. F. Mail, 

and L. S. Hua, "Design and Development of a Robot for Spraying Fertilizers 

and Pesticides for Agriculture, Materials Today: Proceedings, 2021. 

https://doi.org/10.1016/j.matpr.2021.03.174. 

[7] R. Barth, J. Hemming, and E. J. van Henten, "Design of an Eye-in-Hand 

Sensing and Servo Control Framework for Harvesting Robotics in Dense 

Vegetation," Biosystems Engineering, Vol.146, 71-84E. 2016. 

http://dx.doi.org/10.1016/j.biosystemseng.2015.12.001. 

[8] N. Uchiyama, T. Dewi, and S. Sano, "Collision Avoidance Control for a 

Human-Operated Four Wheeled Mobile Robot," Proceedings of the Institution 

of Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, 

Vol. 228, No. 13, pp. 2278-2284, 2014. 

https://doi.org/10.1177/0954406213518523. 

[9] T. Dewi, N. Uchiyama, S. Sano, and H. Takahashi, "Swarm Robot Control for 

Human Services and Moving Rehabilitation by Sensor Fusion," Journal of 

Robotics, 2014(278659), 11 pages, 2014. 

https://doi.org/10.1155/2014/278659. 

[10] T. Dewi, N. Uchiyama, S. Sano, and H. Takahashi, “Swarm Robot Control for 

Human Services and Moving Rehabilitation by Sensor Fusion,” Journal of 

Robotics, 2014, ID: 278659, 11 pages, 2014, DOI: 10.1155/ 2014/278659 

[11] Y. Tang, M. Chen, C. Wang, L. Luo, J. Li, G. Lian, and X. Zou, "Recognition 

and localization methods for vision-based fruit picking robots : A review," 

Frontier in Plant Science, vol. 11, Article 510, pp. 1-17, 2020. DOI: 

10.3389/fpls.2020.00510. 

[12] T. Dewi, P. Risma, Y. Oktarina, and M. Nawawi, “Tomato Harvesting Arm 

Robot Manipulator; a Pilot Project,” Journal of Physics: Conference Series, 

1500, p 012003, Proc. 3rd FIRST, Palembang: Indonesia, 2020, DOI: 

10.1088/1742-6596/1500/1/ 012003  

https://doi.org/10.1016/j.matpr.2020.07.432
https://doi.org/10.3390/agriculture10070276
http://dx.doi.org/10.1016/j.biosystemseng.2015.12.001
https://doi.org/10.1177/0954406213518523
https://doi.org/10.1155/2014/278659


 

 

Computer Engineering and Applications Vol. 10, No. 3, October 2021 

 

ISSN: 2252-4274 (Print)   149 

ISSN: 2252-5459 (Online) 

[13] T. Dewi, Z. Mulya, P. Risma, and Y. Oktarina, “BLOB Analysis of an 

Automatic Vision Guided System for a Fruit Picking and Placing Robot,” 

International Journal of Computational Vision and Robotics, Vol. 11, No 3, 

pp. 315-326, 2021. https://doi.org/10.1504/IJCVR.2021.115161. 

[14] T. Dewi, P. Risma, and Y. Oktarina, “Fruit Sorting Robot based on Color and 

Size for an Agricultural Product Packaging System,” Bulletin of Electrical 

Engineering, and Informatics (BEEI), vol. 9, no. 4, pp. 1438-1445, 2020, DOI: 

10.11591/eei.v9i4.2353. 

[15] T. Dewi, P. Risma, Y. Oktarina, and S. Muslimin, “Visual Servoing Design 

and Control for Agriculture Robot; a Review,” Proc. 2019 ICECOS, 2-4 Oct. 

2018, Pangkal Pinang: Indonesia, 2018, pp. 57-62, DOI: 

10.1109/ICECOS.2018.8605209. 

[16] Q. Fan, Z. Gong, B. Tao, Y. Gao, Z. Yin, and H. Ding, "Base Position 

Optimization of Mobile Manipulators for Machining Large Complex 

Components," Robotics and Computer-Integrated Manufacturing, Vol. 70, pp. 

102138, 2021. https://doi.org/10.1016/j.rcim.2021.102138. 

[17] H. Zhang, Q. Sheng, Y. Sun, X. Sheng, Z. Xiong, and X. Zhu, "A Novel 

Coordinated Motion Planner Based on Capability Map for Autonomous 

Mobile Manipulator," Robotics and Autonomous Systems, Vol. 129, 103554, 

2020. https://doi.org/10.1016/j.robot.2020.103554. 

[18] O. B. Perez, B. Fidan, and C. Nielsen, "Adaptive Path Following for a 

Nonholonomic Mobile Manipulator," IFAC-PapersOnLine, Vol. 53, No 2, pp. 

3874-3879, 2020. https://doi.org/10.1016/j.ifacol.2020.12.2081. 

[19] M. Osman, M. W. Mehrez, S. Yang, S. Jeon, and W. Melek, "End-Effector 

Stabilization of a 10-DOF Mobile Manipulator using Nonlinear Model 

Predictive Control," IFAC-PapersOnLine, Vol. 53, No 2, pp. 9772-9777, 

2020. https://doi.org/10.1016/j.ifacol.2020.12.2658. 

[20] IRENA, Renewable Energy Prospects: Indonesia, a REmap analysis, 

International Renewable Energy Agency (IRENA), Abu Dhabi, 2017, 

www.irena.org/remap. 

[21] DEN, “Outlook Energy Indonesia 2019,” Secretariat General National Energy 

Council, ISSN 2527-3000. 

[22] R.S. Nakandhrakumar, P. Rameshkumar, V. Parthasarathy, B. Thirupathy Rao, 

"Internet of Things (IoT) Based System Development for Robotic Waste 

Segregation Management," Materials Today: Proceedings, 2021. 

https://doi.org/10.1016/j.matpr.2021.02.473. 

[23] Y. Oktarina, F. Septiarini, T. Dewi, P. Risma, and M. Nawawi, “Fuzzy-PID 

Controller Design of 4 DOF Industrial Arm Robot Manipulator,” Computer 

Engineering and Application Journal, vol. 8, no. 2, pp. 123-136, 2019, DOI: 

10.18495/COMENGAP.v8i2. 300  

[24] T. Dewi, S. Nurmaini, P. Risma, Y. Oktarina, and M. Roriz, “Inverse 

Kinematic Analysis of 4 DOF Pick and Place Arm Robot Manipulator using 

Fuzzy Logic Controller,” International Journal of Electrical and Computer 

Engineering (IJECE), vol. 10, no. 2, pp. 1376-1386, 2019. DOI: 

10.11591/ijece. v10i2.pp1376-1386. 

[25] T. Dewi, P. Risma, and Y. Oktarina, “Fuzzy Logic Simulation as a Teaching-

learning Media for Artificial Intelligence Class,” Journal of Automation 

https://doi.org/10.1016/j.rcim.2021.102138
https://doi.org/10.1016/j.robot.2020.103554
https://doi.org/10.1016/j.ifacol.2020.12.2081
https://doi.org/10.1016/j.ifacol.2020.12.2658
http://www.irena.org/remap


Fradina Septiarini, Tresna Dewi, Rusdianasari 

Fuzzy Logic Controller Application for Automatic Charging System Design of a Solar 

Powered Mobile Manipulator 
 

150  ISSN: 2252-4274 (Print) 

  ISSN: 2252-5459 (Online) 

Mobile Robotics and Intelligent Systems, vol. 12, no. 3, pp. 3-9, 2018, DOI: 

10.14313/JAMRIS\_3-2018/13 

[26] T. Dewi, C. Sitompul, P. Risma, Y. Oktarina, R. Jelista, and Mulyati, 

"Simulation Analysis of Formation Control Design of Leader-Follower Robot 

Using Fuzzy Logic Controller," Proc 2019 ICECOS, 2-3 Oct. 2019, Batam 

Island: Indonesia. doi:10.1109/ICECOS47637.2019.8984433. 

[27] H. M. Yudha, T. Dewi, N. Hasanah, P. Risma, Y. Oktarina, and S. Kartini, 

"Performance Comparison of Fuzzy Logic and Neural Network Design for 

Mobile Robot Navigation, S., 2019,  Proc. 2019 ICECOS, 2-3 Oct. 2019, 

Batam Island: Indonesia. doi:10.1109/ICECOS47637.2019.8984577 

[28] T. Dewi, P. Risma, Y. Oktarina, M.T. Roseno, H.M. Yudha, A. S. Handayani, 

and Y. Wijanarko, “A Survey on Solar Cell; The Role of Solar Cell in 

Robotics and Robotic Application in Solar Cell industry,” in Proceeding 

Forum in Research, Science, and Technology (FIRST), 2016. Retrieved from 

http://eprints.polsri.ac.id/3576/3/C4.pdf. 

[29] K. Jäger, O. Isabella, A. H. M. Smets, R. A. C. M. M. van Swaaij, and M. 

Zeman, “Solar Energy: Fundamentals, Technology, and Systems,” Delft 

University of Technology, UIT CAMBRIDGE LTD , Isbn/Ean: 1906860327 / 

9781906860325, 2014. 

[30] T. Dewi, P. Risma, and Y. Oktarina, “A Review of Factors Affecting the 

Efficiency and Output of a PV system Applied in Tropical Climate,” in IOP 

Conference Series: Earth and Environmental Science 258 012039 ICoSITer 

2018, 2019. doi:10.1088/1755-1315/258/1/012039. 

[31] H.A. Harahap, T. Dewi, and Rusdianasari,  “Automatic Cooling System for 

Efficiency and Output Enhancement of a PV System Application in 

Palembang, Indonesia,” in 2nd Forum in Research, Science, and Technology, 

IOP Conf. Series: Journal of Physics: Conf. Series 1167 012027, 2019. 

doi:10.1088/1742-6596/1167/1/012027. 

[32] Sarwono, T. Dewi, and RD Kusumanto, "Geographical Location Effects on 

PV Panel Output - Comparison Between Highland and Lowland Installation in 

South Sumatra, Indonesia," Technology Reports of Kansai University, Vol. 

63, No. 02, pp. 7229-7243, 2021. ISSN: 04532198. 
 

 

https://www.brownsbfs.co.uk/Search?Imprint=UIT%20CAMBRIDGE%20LTD&fq=14120

