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The purpose of this paper is to develop and optimize the architecture of double Boost DC-DC 
converter dedicated to photovoltaic (PV) sources. The proposed system has consolidated the 

relation between different ranges of PV panels and DC loads. A very significant contribution 
proposes an innovative conversion structure aimed to achieve high efficiency, easy control, high 
reliability and low cost design. Since a control method of the best performance under any 

condition is always required, a fuzzy logic method has been chosen for this study to optimize 
energy transmission from the PV panel to the DC load. The experimental results confirm the 
reliability of this contribution, with an efficiency of 98,20%. 

Keywords: Photovoltaic (PV), Fuzzy logic MPPT, Double Boost DC-DC converter, Duty cycle, 
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1. Introduction 

It is well known that the PV energy depends on the environmental conditions such as 

irradiation, cell temperature, and load conditions [1]. This photo-energy is converted from 

sun irradiations by PV panels followed by converters or inverters, in order to adapt to a 

continuous power with a maximum efficiency. The DC power delivered by the PV panels is 

converted to DC or AC respectively using suitable electrical power systems. That is the 

reason, the Maximum Power Point Tracker (MPPT) is considered to be an essential element 

of the conversion process in PV systems, which directly influences the overall efficiency of 

the renewable energy production system [2,3].  

For years, MPPT control systems have been developed based on various methods and 

algorithms [4,5]. Among the classical algorithms and the most popular ones driving these 

trackers are Perturbation and Observation (P&O), Incremental Conductance (IncCond) and 

hill climbing (HC) [6]. These tracking systems have achieved an acceptable result because 

of their easy way of implementation. However, they are less efficient in the presence of 

partial shading and their precision in pinpointing the MPP becomes undermined [7]. It has 

been noticed that current studies heavily rely on smart techniques such as fuzzy logic, 

artificial neural network (ANN), Genetic Algorithm (G.A) and others [8]. With the enlarged 

possibilities offered by specific software development environment and new commercial 

microcontrollers, the complexity and the implementation of smart tracking techniques do 

not longer present a technical limitation that, currently, allows achieving excellent results in 

terms of stability, robustness and good response to various topology of power conversion 

system. 
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M. Ammirrul Atiqi et al. [9], provided a paper stating the development of the PV DC-

DC boost converter to operate power LED with the combination and the integration of 

Perturb and Observe (P & O) with fuzzy logic control (FLC) to form a single MPPT 

technique called, adaptive control P&O-fuzzy MPPT. The proposed MPPT shows a good 

performance presenting a quick response to reach the MPP. A. Ibnelouad et al. [10] 

presented a review about state-of-the-art on PV System, DC/DC boost converter and 

maximum power point tracker techniques such as conventional one incremental 

conductance (INC) and soft computing method fuzzy logic controller (FLC). Both methods 

(INC) and (FLC) were applied in the same DC-DC boost converter with its DC load under 

the MATLAB/Simulink software. They have concluded that the (FL) MPPT has presented 

better results than (P&O) in terms of its behaviour upon achieving the MPP, good stability 

at the steady state, and high flexibility at the operating mode.  

Based on the conclusions of several works from the literature about the efficiency, 

stability, and behavior of DC-DC boost converters based MPPT methods [11,12], our 

contribution aims to resize and optimize the architecture of the double Boost DC-DC 

converter, the supervision, the efficiency and the control from the PV panel to the DC load. 

It is therefore decided to develop a PV micro-converter based on modular topology and its 

implementation using fuzzy MPPT control. A very significant proposed contribution is an 

innovative conversion structure with the aim of achieving high efficiency, easy control, 

high reliability and low design cost.  

The main constraint of choosing this topology is to impose a high transformation ratio 

on the DC-DC boost converter. Indeed, the voltage multiplier gain of the DC-DC boost 

converter varies from 08 to 27 depending on the output of the PV panel model. The 

LDDEE laboratory members were charged with the design of this micro converter, having 

an efficiency exceeding 94% with a very high voltage multiplier gain when tested on 

different ranges of PV panels. Enhancing the effectiveness and the efficiency from a low 

power structure and obtaining a higher elevation ratio, are the main challenges of this work.  

Regarding the control part, a typical open-source microcontroller board was chosen to 

pilot the system. The fuzzy logic MPPT controller was applied on the first boost to 

optimize the interface between the PV panel outputs and the intermediate voltage, while the 

PWM controller was used to pilot the second boost. A significant value of the intermediate 

voltage allows the second boost to offer 400 V DC at output (this is one of our main goals). 

 

2. The PV system with its double boost DC-DC converter 

Figure 1 present the electrical diagram of system to model and experiment, as considered 

here to be more general as possible, contains the following elements: a PV generator 

(GPV), two DC-DC boost converters connected in series (for a double raise voltage value), 

a programmable control interface or an open-source microcontroller board based on the 

Microchip ATmega328P (ARDUINO UNO), and a DC load powered at a constant voltage. 

The first boost converter is used to increase the input voltage produced by the PV panel to 

the first output voltage V1 (intermediate voltage). By using the fuzzy logic MPPT 

controller, the first boost operate at the maximum power point (MPP) in order to deliver the 

maximum power as possible to the second boost converter whatever climatic influences on 

the PV panel i.e. temperature and irradiation. Afterwards, a PWM control strategy is 
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applied to the second boost converter to increase the intermediate voltage V1 to the required 

output voltage value VOUT which will be delivered subsequently into the load. 

 

 
Fig. 1. Schematic diagram of a standard PV generator connected with double boost DC-

DC converter. 

The coefficient witch manage the voltage increase between the input and the output is 

called the voltage multiplier gain (KV), with the (KV) is proportional to the duty cycle (1-α) 

as presented in Eq.1. Theoretically, the voltage multiplier gain (KV) of the boost converter 

(inductive accumulation chopper) tends towards infinite for a unit duty cycle (α). 

Practically, the (KV) is limited by the serials resistors of the constitutive components i.e. 

inductors and capacitors. For a duty cycle value (α) of 0.9, the voltage multiplier gain (KV) 

cannot exceed a value of five (05) [13] i.e. a saturation in the system may result, if we 

forced it upon reaching the desired output voltage value (VOUT), with a (KV) exceeds five.   

 
Fig. 2. Electrical diagram of double boost DC-DC converter. 

 

According to our theoretical calculate, we need a gain value (KV) close to 12 to obtain 

the required output voltage (VOUT). A single boost (conventional boost converter) cannot 

achieve this voltage value [14]. To reach it, we suggest to connect two boost converters in 

cascade mode topology as presented in figure 2. 

After modeling, the final equations of two boost converters connected in series are given 

as follow, knowing that the system operates in continuous mode: 
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The maximum power point (MPP) of a GPV depends to the environmental changes 

(irradiation and temperature) [15], this is why the system must integrate the MPPT function 

which allows the adaptation of its operating point to guarantee extraction of maximum 

power. In Equation 1, the duty cycle α1 varies following the MPPT algorithm control by a 

step of (Δα). The algorithm prosecute this variation by piloting the system to oscillate 

nearly of the MPP. In equation 2, the duty cycle α2 varies from the PWM signal control, 

where is spontaneously adjusted using a proportional integral derivative controller (PID). 

Details are presented and discussed in the following section, of our contribution. Finally, 

equations 1 and 2 yield to the final formula of the double boost DC-DC converter as: 
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In order to increase the performance of the system, we have implemented in the model 

an MPPT algorithm based on fuzzy logic control [16]. This is one of the most commonly 

used smart techniques in different engineering challenges because of its multi-rule based 

characteristics. Fuzzy logic control has a simple and clear procedure because exact 

mathematical modeling and technical quantities of a system are not required for this 

controller [17]. The precept of fuzzy logic algorithm is usually based on two inputs 

variables such as the error E and the error variation (ΔE). The output (Δα) is the duty cycle 

variation which depends on the temperature and irradiation changes (in our contribution), as 

mentioned above. The fuzzy logic MPPT algorithm is based on three steps: fuzzification, 

inference and defuzzification. The configuration of the used control system is illustrated in 

Fig. 3. 

 

Fig. 3. General fuzzy logic algorithm. 

The fuzzification allows blurring the input variables [18,19]. A preliminary step is to 

define a maximum range of variation authorized for the input variables. 
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According to the algorithm indicated in Fig. 3, the two inputs, error E and variation in 

error ΔE are provided to the controller based on a knowledge base producing an optimum 

duty cycle as defined by the experimenter. The duty cycle and the associated fuzzy sets 

involved in the fuzzy control rules are defined as: negative big NB, negative small NS, zero 

error ZE, positive small PS, and positive big PB. The link between the input-output 

variables is defined using fuzzy inference engine. Optimum duty cycle is fed to the boost 

converter and hence it operates to deliver the maximum power. 

 

3.  The Experimental testing and implementation 

 

3.1. Experimental Setup 

Figure 4 shows the experimental prototype of our system powered by a PV source (Solar 

World SW 175 mono-crystalline) panel. The double boost DC/DC converter has developed 

in the LDDEE laboratory and currently offers research facilities focused on optimizing new 

maximum power points MPPT and developing new converters. In order to have a more 

expressive operation of our system, we performed the simulation under the PROTEUS 

software environment. By using an open-source microcontroller board based on the 

Microchip ATmega328P (ARDUINO UNO), it gives us the opportunity to implement 

various programs into the control unit for the driving of the two system. The complete 

electronic diagram of the proposed topology is illustrated below: 

 

 
Fig. 4. Detailed simulation diagram. 
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Fig. 5. Photography of double boost DC-DC converter. 

A finalized prototype corresponding of our system is presented in Figure 5. In the 

photograph, the red indication represents the input (VPV), output (VOUT) and intermediate 

voltage (V1) connectors. Otherwise, the blue and pink indications represent the isolation 

and driving control-circuit between semi-conductors and microcontroller. In this context, 

the 6N137 optocoupler (by QT Optoelectronics) is chosen as an isolation for its speed 

digital interfacing applications, but the GaAsP light-emitting diode and photodiode 

integrated in the optocoupler causes a voltage loss relative to the transmission of signal 

(duty cycle). This one will be recovered by using the pulse transformer driver TC4427 (by 

Microchip), which will subsequently be driven the pulse signal to the gate of a MOSFET. 

The used microcontroller is an ATmega328p installed on the ARDUINO interface. We 

chose this single-board microcontroller for its low power consumption (typically: 5.5mW). 

The microcontroller board and electronic control components are self-powered from the PV 

voltage (VPV) using the integrated-circuit voltage regulator LM7805 which allows to 

transform the PV voltage (VPV) value to 5V. We can also note the two inductors L1 and L2 

of Toroid cores type (OR60 × 13-40H) mm, which can be coated with epoxy or parylene. 

On the back-side of micro-converter, the semiconductors (IRF630 and IRF820) are 

installed to facilitate their cooling, the choice of these semiconductors was much more 

based on their low internal resistances (RDS-ON) when the switch S is closed (On-state 

mode). Then, to read the PV panel parameters i.e. current and voltage, we used 

(LEM_CKSR6) current sensor and voltage divider with a precision of 1%. Finally, we 

chose a diode (MUR1560) of Schottky model for its very fast switching action. 

About our contribution, the operation can be described as follows: once the system is 

powered up, a series of instructions is executed to generate the duty cycle signal. For the 

first control system (boost1), the operation perform by applying steps of fuzzy MPPT 

algorithm (As a C language program). To do this, we used the timer (Timer1) interrupt 

mode of the microcontroller to ensure the reading of the PV current and voltage generated 

by the PV panel. In the same context, we used the ADC (analog read) tabs of 

microcontroller (A0 and A1 tabs) to read the PV current and voltage value, this procedure 

is repeated during a defined delay. The timer (Timer1) interrupt mode is also used to adjust 

the duty cycle PWM (based MPPT) signal (on the RB10 tab).   
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The same procedure is applied for the second boost independently of the PV panel. As 

the second boost is connected in series with the first boost, another timer (Timer1) interrupt 

mode is also applied (on the RB9 tab) to adjust in a regular manner the duty cycle PWM 

signal. A proportional-integral-derivative (PID) regulator is suggested to improve the 

performance of the second duty cycle (α2). 

 

3.2. Experimental test results 

In the experimental test, the results are obtained in fairly mild weather (Climate of North 

Africa) where the temperature is approximately 23 °C with 900W/m² of solar radiation. 

Experimentally, the power and voltage curves are taken at a duty cycle value of 50%. The 

experimental test results are presented respectively. 

 

    
Fig. 6.  (a) Duty cycle at Ton=50%, (b) Duty cycle at Ton=25%. 

Figure 6 presents the experimental curve of duty cycle at two different weather 

conditions i.e. two different periods, TON (25% and 50%), where the switching frequency is 

maintained at 20KHZ. Initially, the duty cycle (Δα) was manually adjusted using a 

(TRIMPOT-3006P-20k) potentiometer, after that, it becomes auto-adjusted by means of the 

MPPT algorithm instructions. This signal is generated from the microcontroller 

ATmega328P (on the RB10 tab), as quoted above. We observe that the curves presented in 

Figure 6 reflect the correct performance of the fuzzy MPPT algorithm. We also noticed the 

good coordination between the input/output of algorithm (Based on fuzzy inference engine) 

which allows the duty cycle (Δα) to automatically adapt with each climate change i.e. 

Temperature and irradiation. 

   

Fig. 7.  (a) Duty cycle shape at the output of optocoupler and driver (b) Zoom. 
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Fig. 8. (a) The output power curve of PV system, (b) the intermediate voltage value V1 

for Ton=50%. 

Figure 7 illustrates two independent curves of duty cycle (Δα) in the same figure (at the 

optocoupler's output, and at the driver's output). We can note that the optocoupler (6N137) 

causes a delay estimated of (6μs) at the digital transmission of duty cycle. The origin of this 

delay is related to the internal micro-electronic structure of the optocouplers, where they 

composed of a phototransistor optically coupled to an infrared light emitting diode to 

transmit information using electromagnetic waves whose wavelengths are close to those of 

visible light. This delay can also causes a slight disturbance to the operating system (micro-

converter), as well as, its performance. By using (TC4427) driver, this delay is reduced to 

the point of neglect (typically: 25nS) (see fig.7.b). After that, the (TC4427) driver allows to 

drive the pulse signal (duty cycle) to the gate of semi-conductors (MOSFETs). 

Figure (8.a) shows the intermediate voltage (V1) presented by a non-linear curve on the 

oscilloscope screen. We observe that the obtained value is nearly of (115V) for a duty cycle 

maintained at 50%, and a voltage multiplier gain (KV) evaluated of (3,11) for the first boost. 

A significant value of (V1) allows the second boost to increase the intermediate voltage up 

to 400V without saturation or disturbance of the components, with a voltage multiplier gain 

(KV) adjusted between (3,9 and 4). This result confirms that an equivalent distribution of 

the voltage multiplier gain between the two stages is the most efficient solution. According 

to figure (8.b), we notice that the behavior of the output power shows no oscillation when it 

reaches the maximum power point (MPP). We also noticed that the output power shape is 

not purely straight (slightly oscillated) at the steady state (Fig.8.b). This shape is not 

problematic for autonomous PV system and can be improved to be the closest to a straight 

shape by reducing the incrementation/decrementation step of the MPPT algorithm, and also 

by choosing a high capacitor value to obtain a perfect filtering centered at the output of the 

system. Moreover, the used FL-MPPT controller reduces these oscillations, which we 

consider to be energy loss for our system. Experimental results show an acceptable 

performance in terms of response time and behavior that would be impossible to obtain if 

we choose traditional MPPT methods. 

3.3. The efficiency of the double boost DC-DC converter system 

In order to test the potential of our system, simulation under MATLAB Simulink was 

performed based on the obtained experimental test results from different input voltage 

values (using different range of commercial PV panels) depending on the efficiency of the 
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system at nominal point.  The test also focused on the obtained output voltage values to 

estimate the efficiency of the system at nominal point, likewise at the desired voltage value 

(400V). Tables 1 and 2 summarize this results which are also depicted in Figure 9. 

 

Fig. 9. The efficiency of the double boost DC-DC converter relative to VIN and VOUT. 

 

Table 1: The efficiency of the system relative to the input voltage VIN, for VOUT=400V. 

VIN (V) 12 17 25 36 48 56 

EEFF (%) =f (VIN)   94.95     96.72   97.69    98.20   98.45   98.63 

 

Table 2: The efficiency of the system relative to the output voltage VOUT, for VIN=36V. 

VOUT (V) 325 350 375 400 425   450 

EEFF (%) =f (VOUT)    98.57    98.48    98.35    98.20    98.06    97.77 

As shown in table 1, 2 and even in figure 9, we observe that the efficiency of this 

topology at the nominal point is 98.2% for an input voltage of 36V, and of 400V relative to 

the output voltage. Moreover, the double cascade DC-DC Boost converter can operate at an 

input voltage of 12V which maintains a significant efficiency approximate of 95%, as 

shown on table.1. Otherwise, the efficiency exceeds 98.50% for an input voltage of 56V. 

In table 2, the output voltage variation has a small impact on the efficiency of the 

structure. The efficiency remains above 98% until it exceeds the output voltage of 425V. 

This low variation ensures good efficiency over the entire operating range. 

The obtained results underlie the validity of the developed model of this micro-converter 

topology. At this stage of the development and for off-grid applications, this micro-

converter can be directly implemented between a PV panel and a DC load. In addition, the 

integration of a smart algorithm for tracking of the maximum power point will be necessary 

to optimize the production efficiency by extracting the maximum available power at the 

panel connectors.   

 

4. Conclusion 
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This study aims to develop a reliable system independent topology (off-grid PV system) 

for tracking the maximum power point (MPP) of the PV panel. The proposed system has 

consolidated the relation between different ranges of PV panels and DC loads, where the 

idea that PV panels cannot satisfy any load has started to be forgotten. Rising micro-

converters are supposed to expand their activity to advance bailiwick in PV cells, 

semiconductor power devices, intelligent control circuits and off-grid PV standards. The 

suggested topology in this paper can gratify various recommendations and challenges, 

specified as: 

• The double-raise process will tempt great attention because of its low cost, a longer 

lifetime, and raised efficiency that could be reached with a modular structure.  

• The structure has good performance, high efficiency and great operation flexibility 

where it was able to ensure operation even with very low input voltage (12 V minimum).  

• By using fuzzy logic MPPT, contrary to what is common for traditional techniques, 

the control circuit has offered a quick response upon reaching the MPP and well behaved at 

the steady state with minor oscillations, these latter are considered as energy loss for the 

power converter. 

• A voltage output of 400V allows a direct connection to the inverter without using a 

power transformer (Lightweight structure). 

The experimental results corroborate the originality of the topology supported on the 

modular structure with double voltage rise and the proposed method of control. Moreover, 

this topology is a solution able to reduce the impact of shading by integrating the MPPT on 

each PV panel by simply using the micro-converter. Thus, this structure can operate in a 

parallel modular mode where it performs the interface between the PV panel output and the 

400V DC bus, which will subsequently be connected to the inverter. Hence, it can be 

clearly deduced that the main research trend (based on our micro-converter) will be related 

to so-called residential installations connected in single-phase whose power is between 1 

and 5kWc. The study will be based on PV systems connected to the low voltage grid, and 

even to off-grid dwellings. 
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