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Abstract - Flying a small robot like a drone needs more 

conservative energy, small solar cell size needs to robust efficient 

DC-to-DC converter. Mathematical analysis for finding the 

optimal duty cycle in the PWM (pulse width modulation) is 

presented at different supplies voltage, considering a low voltage 

of 8 volts for low-speed motor rotation speed and 18 volts for 

high speed of the rotation motor. The dc-dc converter gets the 

power desired from the small robotic by using a dc-dc buck-

boost converter. The Proportional Integral Derivative (PID) 

control, smart tuning different rules fuzzy logic control, and a 

hybrid fuzzy-PID controller as one solution for dc-dc converter 

control. The controller must be capable of processing the 

desired value of the output voltage of the dc-dc converter. 

Keywords - Buck-Boost Converter; PID control, Fuzzy logic 

Control, Hybrid fuzzy-PID Controller. 

I. INTRODUCTION 
Recently, small drones took place in many applications, 

especially in the military and the healthy and humane being 

easy life techniques. One of the ideas is to create and fabricate 

small robotic vehicles capable of flying without being 

tethered to an external power source. The hard part was 

building something that could produce enough thrust while 

still being light enough to fly as shown in Fig. 1. 

 

Fig. 1. Solar cell small drone self-feeding battery 

“The study's major goal is to develop and put into use a 

DC/DC converter with a fuzzy logic controller for solar 

energy harvesting. The integration of a microcontroller to 

monitor the battery's level of charge are the specific goals of 

this research.  The DC/DC converters are well known in 

unconventional sources and are also widely used in fields like 

medicine, physics, and the military, among others. In general, 

boost converters are in high demand in situations where a 

high dc voltage is needed [1]. This paper discusses many 

methods for attaining high gains than typically obtained by 

boost converters based on these requirements. 

The electrical power magnitude is increased by 

unconventional energy sources. Power converter topologies 

are particularly helpful for the next stage of power generation 

since solid fuel produces pollutants. The output voltage of the 

PV panels ranges from 20 to 60 volts. The DC/DC boost 

converters are frequently used for connecting PV panels and 

inverter-load combinations. For voltage gain in PV panels, a 

large up-boost  is needed. About 380 volts are required for the 

input of a full bridge inverter [2]-[3]. 

To proceed with the system's stability, Mukherjee et al. 

[4] conducted a series of connections in a DC/DC topology. 

The cascaded converters have often been separated into three 

separate literary examples: some types of sources, such as 

batteries [5]-[10]. Various sources are  used in converters, 

such as fuel cells, and supercapacitors [11]-[12], standalone 

photovoltaic systems with batteries or solar/wind hybrid 

energy systems [13]-[16]. Variable operating conditions at 

the same type of sources in converters. The variables may 

include photovoltaic panels that are partially shaded in 

different ways [17]-[18]. 

For an input series output series (ISOS) converter to 

achieve input voltage sharing (IVS) and output voltage 

sharing (OVS), Wei et al. [19] introduced the duty -cycle

asedb  model predictive control (DCMPC) technique. They 

also put forth a discrete-time optimized model of an input 

series output series type converter, and the cost function is 

used to estimate the optimal duty cycles for input voltage 

sharing and output voltage sharing. Comparing the suggested 

method to the traditional integral-proportional  (PI) 

controller-based method. Due to its simplicity, low cost, and 

superior dynamic performance, the suggested duty cycle 

based MPC technique is superior for input voltage sharing 

and output voltage sharing, according to the comparison of 

the result [20]. 

The conventional bidirectional buck-boost converter is 

non-isolated, inexpensive, and of straightforward design. A 

topology made up of a linked inductor and a bidirectional 

buck-boost converter was proposed by Chen et al. [21]. The 

family of switching-soft  bidirectional converters with a  high 

ZVS range was proposed by Mohammadi et al. [22]. 

Bidirectional dc-dc converters that are not isolated have been 

covered in [23]-[24] through [25]. An innovative method that 

reduces ripple current while operating at the battery side in 

the high current range was proposed by Bahrami.  H [26] et 

al. 

The voltage source converter-based high voltage direct 

current system is becoming more significant as the HVDC 

system gains popularity. When compared to thyristor-based 

HVDC systems, voltage source converter-based HVDC has 

more advantages. It has a high output voltage and current 

with no ripple, a converter with a black start, active and 

reactive power regulation, and these features. These 

converters also have several drawbacks, including as 

switching losses and a reduced ability to withstand dc side 
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faults. Certain multilevel converters have been introduced to 

help solve all of these issues [27]-[33]. 

This study is important because it will serve as the 

foundation for all future research on DC-DC converters used 

with renewable energy sources, notably solar energy. Finally, 

this research will add to our knowledge of the applications of 

DC-DC converters and fuzzy logic controllers. It will also 

serve as a benchmark for any future research on buck-boost 

DC-DC converters. 

The goal of the study is to incorporate a fuzzy logic 

controller and buck-boost converter to produce a solar 

charging system. To apply buck and boost input voltage, the 

solar panel's 10 W rating and the batteries' 8 V, and 18 V 

ratings were used. The fuzzy logic controller made use of a 

triangular membership function. However, the circuit was not 

designed with overcurrent protection, overvoltage protection, 

overtemperature protection, or maximum power tracking”. 

II. PROBLEM FORMULATION 

The most promising technology to produce electrical 

energy is photovoltaic cells, which over the past few years 

have shown the greatest development compared to other 

types of renewable energy sources  .The main problems with 

photovoltaic systems are the relatively low efficiency of 

energy conversion and the apparent dependence of the energy 

characteristics of solar cells on climatic conditions. To 

increase energy conversion efficiency, most modern 

photovoltaic systems are designed using maximum power 

point tracking technology, which allows for increased 

electrical power generation, the main schematic diagram 

shown in Fig. 2. 

 

Fig. 2. Schematic solar cell MPPT equivalent circuit 

The Maximum Power Point Tracking (MPPT) technology 

is based on three main components: the MPPT method, the 

MPPT controller, and the DC-DC converter. The purpose of 

the research is to design a methodology for selecting the 

parameters of the basic components of MPPT technology and 

obtaining high power conversion efficiency. A topology 

buck-boost converter is shown in Fig. 3.  

Inductor (L), diode (D), filter capacitor (C), load 

resistance (R), controlled switch (S), and dc input voltage 

source VS make up the converter. When the switch is turned 

on, the diode is reverse biased and the inductor current rises. 

The diode acts as a channel for the inductor current when the 

switch is off, which is how the buck-boost's DC voltage 

transfer function works. Regarding ground, the output 

voltage V0 is negative. As implied by the converter's name, 

its magnitude can be either higher or lower (equal at D = 0.5) 

than the input voltage. 

𝑉𝑠

𝑉0

=
𝐷

𝐷 𝑇
 (1) 

 

Fig. 3. Equivalent circuit for boost-Buck converter 

III. PROPOSED METHOD 

In this paper, we designed and simulated a PID controller, 

a Fuzzy logic controller, and a hybrid FUZZY PID control 

system as shown in Fig. 4 to stabilize the output voltage of 

the buck-boost converter. 

 

Fig. 4. General Dc-Dc controller 

The output voltage of the DC/DC buck-boost converter is 

managed by the PID controller. To achieve the necessary step 

response for the system, a PID controller is used to decrease 

tracking error in the system. The parameters are typically 

fixed during an operation and are known as Kp, Kd, and Ki. 

As a result, the PID controller is ineffective for regulating a 

system when its surroundings are changing. The PID 

controller's fundamental equation is (2). 

[𝑛] = 𝑘𝑝𝑒[𝑛] + 𝑘𝑖 ∑ 𝑒[𝑗] + 𝑘𝑑𝑒[𝑛 − 1]

𝑁

𝑗=0

 (2) 

 

Where e[n] and e[n-1] are the error value and the difference 

error of the output voltage concerning the reference voltage, 

respectively. The rule to tune the parameters is based on 

Table 1. 

Table 1. Most common prediction of controller parameters 

Parameter 
Speed of 

Response 
Stabiity 

Accuracy of 

the Output 

Increasing Kp Increases Deteriorates Improves 
Increasing Ki Decreases Deteriorates Improves 

Increasing Kd Increases Improves No Impact 

 

A thorough understanding of the system's operation is 

necessary for the construction of a fuzzy controller. The aim 

of the designer is to ensure that the output voltage matches 

the reference voltage, which is indicated in the many 
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processes involved in the design of fuzzy controllers for 

power converters. The voltage error (e) (reference voltage 

subtracted from real voltage) and the change of the voltage 

error (de) (prior error subtracted from current error) are the 

inputs to the fuzzy controller. 

The membership functions of a fuzzy set serve as 

indicators of its fuzziness. Whether the element in the set is 

discrete or continuous, it is classified. Graphical 

representations can also be used to create the membership 

functions. Different shapes could be present in the graphical 

representations. There are several limitations on the forms 

that can be used. Fuzzy rules are developed to express 

fuzziness in an application. One crucial factor that needs to 

be taken into account is the structure of the membership 

function. In Fig. 5, the fuzzy logic procedure is displayed. 

 

Fig. 5. Proposed system based upon fuzzy controller 

Despite having a quick dynamic response, the fuzzy logic 

control technique has a steady-state error that is not zero. As 

a result, we had to merge our fuzzy system with a PID 

controller, creating a hybrid system. The drawbacks of using 

only fuzzy logic control are eliminated by the PID controller. 

Like how the PID controller's drawbacks, including its 

increased overshoot and undershoot, are corrected by the 

fuzzy logic controller. 

IV. SIMULATION AND RESULT 

Fig. 6 shows the flowchart for the program. The battery 

that needs to be charged is first measured by the program. The 

microcontroller will set the target output voltage of the 

converter following the detection process. By comparing the 

reference voltage with the solar panel voltage picked up by 

the sensor, the error will be computed. The fuzzy controller 

will receive its input from the error signals. Based on the error 

signals and the fuzzy rules, the fuzzy controller will 

determine the duty cycle. After determining the required duty 

cycle, the system will select whether to buck or boost the 

input voltage generated by the solar panel. 

To simulate and model different systems, we used 

MATLAB/Simulink.  While the input voltage produced by 

the solar cell simulation was set to 18 volts from 0 to 5 

seconds and changed to 8 volts created by solar cells, our 

proposal called for an output voltage that was always set at 

12 volts. The filter inductance of the DC/DC buck-boost 

converter is equal to 1.33 mH, the filter capacitance is 

equivalent to 100.67 m F, and the output resistance is equal 

to 10 Ω. 

 

Fig. 6. Flowchart of the proposed system 

A. Case Study 1 

Here we considered the Buck-boost converter with 

traditional PID control, and the value of the parameters gains 

that are considered by using the trial-and-error method; 

(Kp=0.5, Ki=0.3, and Kd=0.05). Fig. 7 shows the simulation 

Simulink MATLAB circuit design and the simulation results. 

 
a) Circuit design 

 
b) Simulation result when L= 1.33 mH 
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c) Simulation result when L= 10 mH at T=6.5s           

Fig. 7. Buck-Boost PID controller 

B. Case Study 2 

Here we considered the Buck-boost converter with fuzzy 

logic controller. Fig. 8 shows the simulation Simulink 

MATLAB circuit design and the simulation results. 

C. Case Study 3 

Here we considered the Buck-boost converter with a 

hybrid Fuzzy-PID logic controller. Fig. 9 shows the 

simulation Simulink MATLAB circuit design and the 

simulation results. 

 

 
a) Circuit design 

 
b) Simulation result when L= 1.33 mH          

 
 

c) Simulation result when L= 10 mH at T=3.8s & 

T=7s. 

Fig. 8. Buck-Boost converter with fuzzy logic controller           

 

 
a) circuit design 

 
b) simulation result when L= 1.33 mH          

 
c) simulation result when L= 10 mH at T=3s & T=7.5s. 

Fig. 9. Buck-Boost converter with hybrid (fuzzy-PID) logic controller 
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The output voltage does not significantly overshoot, and 

no parameter changes are required to stabilize the system. In 

Figure 9 (b), the simulation FLC results and simulation PID 

results are contrasted. The FLC reaction time is faster than 

the PID simulation response time. However, compared to 

FLC, the PID controller exhibits more oscillation and 

overshoot.  Compared to PID and FLC controllers, the hybrid 

Fuzzy-PID controller's findings are more clearly shown. As 

shown in the Table 2. 

Table 2. Results comparison 

Output voltage = 8 V (buck mode) 

 Settling Time Rise Time Overshoot (%) 

PID 4s 0.4s 37.5 

FUZZY 1s 1s 25 

HYBRID 0 0.1s 0 

Output voltage = 18 V (boost mode) 

 Settling Time Rise Time Overshoot (%) 

PID 0.5s 0.5s 0 

FUZZY 0.7s 0.7s 0 
HYBRID 2s 2s 0 

V. CONCLUSION 

The researchers succeeded in achieving the study's goals. 

For capturing solar energy, a DC/DC Buck-Boost converter 

with the fuzzy logic controller was used. We created and built 

a PV cell buck-boost converter, a charging circuit fuzzy logic 

controller, and a microcontroller to track the battery's state of 

charge. The researchers were able to confirm that output 

voltage is directly proportional to time using the data they had 

collected. Each battery has a unique feature, and a battery's 

voltage indicates how fully charged it is. The batteries 

employed by the researchers were 8 V and 18 V. The 8 V 

battery had a voltage of 8.03 V when depleted and 8.2 V when 

completely charged. The 12 V battery, therefore voltage 

when discharged was 11.9 V, and when completely charged, 

it was 12.92 V. Based on the collected data, buck and boost 

activities were also confirmed. Buck's duty range was 0.00 to 

0.50. boost worked between 0.51 and 1.00 duty cycles (fuzzy 

output), whereas the former did not. Researchers confirmed 

that the buck-boost converter was unable to boost the voltage 

higher at a certain time of operation in the actual application 

because of the very low input current. 
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