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Abstract— This paper presents a CLL resonant 

converter with DSP based Fuzzy Logic Controller 

(FLC) for solar panel to battery charging system. The 

mathematical model of the converters has  been 

developed and simulated using MATLAB. The state 

space model of the converter is developed; it is used to 

analysis the steady state stability of the system. The aim 

of the proposed converter is to regulate and control of 

the output voltage from the solar panel voltage. The 

performance of the proposed converter is validated 

through experiments with a 75-Watt solar panel. The 

effectiveness of the controller is verified for supply 

change and load disturbance. The converter is 

implemented on a TMS320F2407 Digital Signal 

Processor with 75-Watt PV system. Comparison 

between experimental and simulat ions show a very 

good agreement and the reliability of fuzzy controller. 

 

Index Terms— Resonant Converter, Solar Cells, DSP 

Processor, Fuzzy Controller 

 

I. Introduction 

In nowadays the solar power energy system is a new 

concept, which is gaining popularity due to increasing 

demand for energy part icularly in developing countries. 

The unavailability o f fossil fuel and increased demand 

for energy, the researchers has found alternative 

sources of energy. There are many alternative sources 

of energy such as solar, wind, ocean thermal, tidal, 

biomass, geo-thermal, nuclear energy etc. The great 

quantity of solar energy present everywhere makes it 

readily availab le than any other source of energy that 

can be feasibly ext racted and utilized. This solar energy 

can be converted into electricity with the help of solar 

panel that are made up of silicon photovoltaic cells. In 

the literature, many maximum power point tracking 

(MPPT) techniques are proposed and implemented. The 

Maximum Power Tracking (MPPT) technique is 

needed to track the peak power to maximize the 

produced energy from the PV panel. Th is technique 

was used to identify the duty ratio  in the converter 

should be operated to maximize the power output. The 

results confirm that the photo voltaic array with MPPT 

controller can operate in the maximum power point for 

the whole range of assumed solar data [1-6]. 

Ying-Chun Chuang et al [7] have demonstrated the 

zero  voltage switching technique for resonant converter 

used PV array. The optimal values of the resonant 

components are determined by applying the 

characteristic curves. It was found that the overall 

circuit efficiency of the converter is 80%. Yu-Lung Ke 

et al [8] have developed the parallel loaded resonant 

converter with  soft switching technique was used in the 

circuits of the solar storage battery charger. The 

simulation and experimental results were compared and 

presented. In this presented converter the load variation 

and load-independent operation were not presented, and 

there was no static and dynamic analysis.  Al Nabulsi, 

A. et al [9] have developed the single input fuzzy 

controller (SFLC) for changing the duty cycle of a 

photovoltaic (PV) charger. The new algorithm was 

proposed based on maximum power point tracking 

(MPPT) and it was compared with two conventional 

MPPT techniques that was namely the Hill climbing 

method and the two input fuzzy controller method. 

Mustafa E. Sahin et al [10] have developed the fuzzy 

controller based buck boost converter for solar energy- 

battery system. The comparat ive analysis for FLC and 

PID controller has been presented by using simulation 

results. 

The Synchronous buck converter based photo voltaic 

(PV) energy system for charge the batteries used in 

mobile phones has been presented [11]. The 

performance of the Synchronous buck converter is 

analyzed and compared with classical dc-dc buck 

converter in terms of switching loss reduction and 

improved converter efficiency. A.Kalirasu et al [12] 

have developed the digital simulat ion of open loop and 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yu-Lung%20Ke.QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yu-Lung%20Ke.QT.&newsearch=partialPref
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closed loop controlled buck converter for solar 

installation. This paper deals the design of DC to DC 

converter and output voltage was maintained at  a 

specified value. Step-up DC/DC converter with PV 

system is described and presented [13]. It provides the 

electrical isolation o f PV panels from the grid. The 

converter was controlled by microcontroller processor, 

this method was used to track the maximum power 

point (MPP) and to achieve maximum available power 

from PV. D. C. Martins et al [14] have demonstrated 

the water pumping system from photovoltaic cells 

using a current-fed parallel resonant push-pull inverter, 

for residential applications in rural areas. Th is converter 

achieved the sinusoidal voltage with low harmonic 

distortion without the necessity of any type of 

modulation. 

P. C. M. Bernardo et  al [15] have demonstrated the 

buck converter controlled by P&O technique for the 

MPPT of the PV panel. The converter was simulated 

and implemented experimentally using a 

microcontroller. From the analysis, the converter found 

the better performance of the control Technique and the 

improvement of the efficiency of the system. Here there 

is no possibility of load independent operation and 

output voltage regulation. The Photovoltaic Simulator 

Simulation using Buck Converter with analysis of using 

bode diagram was developed by F. Yus ivar et al 

[16].The non-linear model of PV simulator has been 

derived for simulation purpose. From bode plot analysis; 

it is found that load changes affect the system 

considerably. The series connected boost and buck 

boost dc-dc converter for power conditioning of the dc 

voltage provided by a photo-voltaic array.  This 

comparative analysis of the dc-dc boost and dc-dc push 

pull converter were presented in [17].  

Juha Huusari et al [18] have demonstrated the 

current-fed buck converter to interface a single 

photovoltaic module into a high-voltage DC grid. The 

dynamic characteristics of the converter were presented 

with closed loop operation. Marcelo Gradella Villalva 

et al [19] have demonstrated the buck converter with 

constant output voltage and variable input fed by a PV 

array. The transient and steady state performance of the 

converter was not present. This paper presents a 

DC/DC resonant converter suitable for renewable 

energy applications. The half-bridge series-parallel 

(LLC) resonant circuit has been presented [20].  

Form the above discussion; the peak power demand 

PV solar cells have become an alternative energy 

source for green and clean power generation. The 

control of the input voltage of DC-DC converters is 

frequently required in photovoltaic applications. In this 

special situation, unlike conventional converters, the 

output voltage is constant and the input voltage is 

controlled. The above literature does not deal with a 

closed loop controlled CLL resonant converter system 

for solar panel system. This paper deals the design of 

CLL resonant converter which makes voltage is 

maintained at a specified value by using the fuzzy 

controller. The fuzzy controller has been considering 

for the closed operation and the performance of the 

converter has been estimated with load disturbance. 

The proposed FLC based resonant converter is 

implemented on a TMS320F2407 DSP processor with 

75-Watt PV system. A system configuration of the 

discussed converter is addressed in Section II and also 

in this section the mathematica l model is present. In 

Section III, FLC design of the converter is presented. 

Analysis and simulat ion of the proposed converter is 

presented. Section IV the experimental results is 

presented and the paper is concluded in section V. 

 

II. Proposed CLL Resonant Converter with Solar 

Panel to Battery System 

The PV energy system requires storage to meet the 

energy demand during period of less solar irradiation 

and night time. The battery storage in a solar system 

should be properly  controlled  by the controller to avoid 

calamitous operating condition like overcharging or 

frequent deep discharging. The Storage batteries 

account for the most PV system failures and contribute 

considerably to both initial and the final replacement 

cost. The CLL resonant converters with controller are 

used to maintain the output voltage as constant from the 

PV system for the change or variable load conditions. 

The converters allow the charge current to be reduced 

continuously in such a way that the resulting battery 

voltage is maintained at a particular value. The block 

diagram of PV panel for resonant converter with DSP 

processor is shown in Fig.1. 

 

Fig. 1: Block diagram of Solar panel to battery storage system  
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The CLL resonant converter power converter 

structure is shown in Fig.2. The primary DC/AC 

converter is a four quadrant bridge converter. The 

Switches S1-S4 is operated at a t ime one of the switches 

conducts and other is off. Due to this conduction, it 

minimizes voltage drop on low voltage input side. The 

switches share the current equally providing and 

conduct period at 50% duty cycle and 180
0
 out of phase. 

The square wave from the switches is applied to the 

transformer will flow through the diodes of MOSFET 

leading to zero voltage turn on.   The motor load is 

connected across the bridge rectifier through C0. For 

the analysis, it is assumed that the converter operates in 

the continuous conduction mode and the 

semiconductors have ideal characteristics. 

 

Fig. 2: CLL Resonant Converter circuit  

 

2.1 Stability Analysis of CLL RC Using State Space 

Model 

The equivalent circuit of CLL RC is shown in figure 

3. The mathematical modeling using state space 

technique can be obtained assuming that all the 

components are ideal. 

 

Fig. 3:  Equivalent Circuit of CLL RC 

 

The transfer function for the CLL RC is given below 

from figure 3. Appling KVL for the loop I1 and I2  we 

obtain 
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The state space representation is a mathemat ical 

model of a physical system as a set of input, output and 

state variables related by differential equations. It 

provides a convenient and compact way to model and 

analyze systems with mult iple inputs and outputs. 

However the reason for including the state equation is 

sufficient informat ion to describe the system behavior. 

The state model should also be able to given in its 

solution the time history of the state variables. 

Taking inverse Laplace transform in equation and the 

state space equations are  
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In above state space equations are written as in  

matrix form. The State Space model for CLL RC is  
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The output equation is  
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III. Results and Discussion 

3.1 Fuzzy Logic Control (FLC) 

Fuzzy control involves three stages: fuzzification, 

inference or ru le evaluation and defuzzificat ion. SPRC 

is modeled using MATLAB software. Fuzzy control is 

developed using the fuzzy toolbox. The fuzzy variables 

‘e’, ’ce’ and ’Δu’ are described by triangular 

membership functions. Table I shows the fuzzy ru le 

base created in the present work based on intuitive 

reasoning and experience. The linguistic labels are 

divided in to five groups. These are NB- Negative Big, 

NS-Negative Small, Z- Zero, PB-Positive Big, PS-

Positive Small. The three dimensional representations 

of the fuzzy rules are shown in fig.4 

It can inferred that the output voltage is far from the 

reference value, then the change of switching frequency 

(Δu) must be large so as to bring the output to the 

reference value quickly. The output voltage approaches 

the reference value, and then a small change of 

switching frequency is necessary and if the output 

voltage is near the reference value and is approaching it 

rapidly, then the frequency must be kept constant so as 

to prevent overshoot. It is also seen that if the output 

voltage changes even after reaching the reference value 

then the change of frequency must be changed by a 

small amount to prevent the output from moving away. 
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Table. I: Fuzzy Rules 

Error 
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  NB NS Z PS PB 

NB NB NB NB NM Z 

NS NB NM NS Z PM 

Z NB NS Z PS PB 

PS NM Z PS PM PB 

PB Z PM PB PB PB 
 

 

 

Fig. 4: Three-dimensional representation of fuzzy rules 

 

3.2 Simulation Results 

The Design procedure of the converter was presented 

[4, 9, 17, 18]. The closed loop simulation using FLC is 

carried  out using MATLAB/Simulink software. 

Depending on error and the change in error, the value 

of change of switching frequency is calculated. The 

Fuzzy set parameters instruction and function blocks 

available in MATLAB are used to update the new 

switching frequency of the pulse generators. The entire 

system is simulated with a switching frequency of 100 

KHz. The overshoot and settling time is less and the 

response is oscillatory. The parameters of the 150 Watt 

solar panel are shown in Table II. 

 
Table II: Solar Panel Parameters 

Parameter Value  

Max.Power 150W 

Open Circuit Voltage 21.9V 

Short Circuit Voltage 9.69A 

Voltage at Max.Power 17.58V 

Current at Max.Power 8.37A 

 

It can be seen from the Fig. 5 that the after an init ial 

transient the output voltage are good accuracy, showing 

a good tracking performance of the controller. The 

input voltage of the converter is shown in Fig 5a. An 

external d isturbance of step rise in input voltage of 2V 

is applied at  t = 0.5 sec as shown in Fig 5 b. The closed 

loop system with load d isturbance is shown in Fig  5c. 

The Output voltage is sensed and it is compared with a 

reference voltage. Then the error is processed by a FLC. 

The output of FLC ad justs the pulse width to maintain 

the output voltage constant. The output voltage reduces 

and reaches the set value. The fuzzy logic controller 

controls the output voltage with less settling time it’s 

nearly 0.02msec. Also the percentage overshoot in 

output voltage is reduced to 0V.  

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 5: (a) Input voltage with supply change (10 to 12 V), 
 (b) Output voltage for step change in voltage (12V) fed Drive. t= 

0.5ms, 
 (c) output voltage for step change in load fed Drive. t= 0.45ms 

 

3.3 Stability Analysis 

Figure 6 represents the stability investigation of the 

converter using the extended nyquist function technique 

and bode plot. The stability is determined if  G(s)H(s) 

contour in the G(s)H(s) plan corresponding to nyquist 

contour in s-plan encircles the point -1+j0 in the anti-

clockwise direct ion as many times as the number of 

right half s-plan  poles of G(s)H(s), then the closed loop 
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system is stable. There is no encircle ment of -1+j0 

point. This implies that the system is stable if there are 

no poles of G(s) H(s) in the right half s -plan. If there 

are poles on right half s-plan then the system is unstable. 

 

Fig. 6: Stability analysis CLL RC by using nyquist technique 

 

The plot has drawn for CLL RC from the state space 

model equations (3 and 4). It is found that the Resonant 

Converter circuit is stable for the system parameters 

variations. It  is observed that -1+j0 point is encircled in 

the both direction in one time. Hence net encirclement 

is zero. A lso the open loop system has no poles at the 

right half of s-plan. 

 

IV. Experimental Results 

The proposed converter is designed and implemented 

with closed loop operation. A prototype CLL RC is 

operating at 100 KHz was designed. The Digital Signal 

Processor TMS320F2407 is used for the realization of 

the proposed control techniques. The event manager 

module of the DSP generates the firing pulses. Opto 

couplers HCPL 4506 provides isolation between the 

event manager module of DSP and gates of MOSFET 

switches. The PWM signal from the DSP is not capable 

of driv ing MOSFET. In  order to strengthen the pulses, 

IR2110 driver is used for each firing pulses.  

A drop in the actual voltage, the FLC controller to 

increase the duty cycle of the inverter switches thereby 

increasing the output voltage of the converter to reach 

the reference value. The actual voltage after suitable 

signal conditioning is fed to the on chip ADC of DSP. 

The signal instruction cycle execution time of the 

processor is 50 ns. The error between the reference and 

actual voltage are maintained by DSP controller. Its to 

provide an appropriate change in duty cycle of the 

firing pulses to the inverter circuit  so as to maintain the 

output voltage constant in spite of load and supply 

disturbance.  The change in load from 0.9 Amps to 0.75 

Amps are applied to the converter and performance of 

the converter results are shown. The RC for supply 

voltage disturbance is applied  and the results presented. 

It can be concluded that the CLL RC settles at a new 

value after a load and supply disturbance.  

 

(a) 

 

 

(b) 

 

 

(c) 

Fig.7: (a) output voltage without disturbance fed Drive  [CH1: 

Voltage (Volt. Scale: 5 V/div.)],  
(b) Output voltage with load disturbance fed Drive  [CH1:Output 

Voltage (Volt. Scale: 10 V/div.)],  
(c) Output voltage with change in Supply fed Drive [CH1: Output 

Voltage (Volt. Scale: 10 V/div.)] 

 

The results show the good performance of the whole 

design. One can conclude that the controller is capable 

of operating under load- independent operation, again, 
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it can be seen that the output follows the reference with 

good accuracy and better dynamic performances. It can 

be seen that, the output voltage is regulated well within 

1 seconds for both load and supply voltage changes. It 

is proved that the settling time is reduced in CLL RC 

with effectively and forces the converter to settles 

quickly  to fo llow reference output voltage after a load 

change and supply disturbance.  

 

V. Conclusion 

In this paper, a DSP based fuzzy controlled CLL RC 

for solar energy-battery charging system fed with Drive 

has been presented. The proposed converter has been 

designed with MATLAB/Simulink and simulation 

results have been obtained. The converter performance 

was estimated under load and supply disturbance. It  can 

be seen from the results that there is overshoot in output 

voltage and no need for any change in parameters to 

stable the system. The steady state stability of the 

system has been analyzed by using transfer function 

model. The A TMS320F2407 DSP was us ed to 

implement the controller. The experiment results are 

compared with the simulation results. The results show 

that the feedback system with proposed controller is 

effective in tracking the reference as well as in 

stabilizing the output voltage under various 

disturbances. 
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