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ABSTRACT 
Virtual instrumentation is defined as the combination of measurement and control the hardware and software with industry-

standard computer technology to create user-defined instrumentation systems. In this paper, the two-input fuzzy logic controller 

(FLC) for buck boost converter output-voltage regulation is proposed by using LabVIEW. Here the output voltage has been used as 

a closed loop feedback to determine the output error (e) and the change in error (Δe) as two inputs to the controller. The elements 

of the buck boost converter as inductance and capacitor have been selected to insure continuous operating mode (CCM) and low 

output voltage ripple. The experimental results show that the FLC has a good output voltage response compared with PID 

controller response. 
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INTRODUCTION 
 
Electricity is most essential part required for human survivor and for the growth of any nation. But the fact 

is that, electricity is not available naturally and it has to be converted from other source of energy which may be 
renewable (solar, wind, fuel cell) or non-renewable (fossil fuel). World’s 79% energy consumption is coming 
from the fossil fuel and India’s electricity generation of 88.4% are consuming non-renewable source for 
generation. The World Energy Forum has predicted that oil, coal and gas reserves will be exhausted in less than 
another 10 decades which create the shortage of the world’s energy along with environmental pollution 
problems, protecting the energy and the environment have become the major concerns for human beings and 
critical part of the solution will lie in promoting renewable energy technologies. [1, 2] .  

Solar Cells with similar characteristics are under peak sunlight (1 W/m2) the maximum current delivered by 
a cell is approximately 30mA/cm2. Cells are therefore paralleled to obtain the desired current [1]. So  it can 
charge a battery up to 12 volt DC. DC-DC power converters are widely used in industrial and domestic 
applications. From control point of view, operation of these converters can be considered as a tracking issue, 
where the output voltage (Vo) is required to follow a reference command with low transient and low steady state 
error[3].  

The dc–dc converters provide a dc output voltage controlled with pulse width-modulation (PWM) 
switching technique. The two general methods to control switching operation are: 1) current-mode control and 
2) voltage-mode control. The first method uses outer output voltage loop that senses the output voltage and 
inner current loop that senses the inductor current for feedback purposes. The second method uses a closed loop 
that measures senses the output voltage for feedback. In this paper, the close loop voltage feedback control 
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method has been used due to its simplification. In the first step of the experimental procedure, the output voltage 
is measured and reduced to calculate the error and the change in error.  

Recently, the fuzzy logic controller (FLC) as nonlinear controller to control power electronic converters 
design and implementation sides receiving increasing attention. Also, there are several researches study using of 
conventional proportional –integral–derivative (PID) controller [4, 5]. 

The idea to have a fuzzy logic controller system in dc-dc converter is to ensure desired voltage output can 
be produced efficiently as compared to proportional –integral –derivative (PID) system. To improve the 
converter’s performance like providing less overshoot and a faster settling time fuzzy logic based controller is 
designed [5]. As a result, the linear controller could not perform adequately when subjected to large load 
variation.  

In addition, the linear controller may sustain difficulty in handling momentary input voltage reference 
change. Therefore, the fuzzy logic controller (FLC) is used to overcome these constraints as non-linearity. The 
performance of closed loop circuit (with FLC) is better than the open loop circuit, where there are minimum  
overshoot and better settling time compared to open loop . 

 
 
  
 
 
 
 
 
 
 
 
 
     

Fig. 1: shows the block diagram for fuzzy logic based buck boost converter 
 
In order to convert the power from the solar array, power converter will be able to extract the most power 

from the array. By connecting a buck boost converter to the output of the solar array, we are then able to control 
the voltage of the solar array by varying the duty cycle (D) of the buck boost converter. When one is changing 
D, we want the voltage and current to provide the most power at a specific voltage level [5,10-12]. 

The FLC program determines the change in the duty cycle (ΔD) then duty ratio (D) of the MOSFET 
switching device. The desired duty ratio (D) is applied to Pulse Width Modulation (PWM) generator, the 
generator output is applied to photo coupler driving the switching MOSFET transistor. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: shows that the program flow chart for fuzzy logic based buck boost converter. 
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2.1 Buck–Boost converter:  
The buck–boost converter is a type of DC/DC converter. In this study buck-boost converter is realized by 

two switching element. This circuit works as a positive buck-boost converter and it is able to be used as buck or 
boost converter, separately. The circuit has 68μ H coil and 10μ F output capacitor. IRF540 n-channel power 
MOSFETs are selected as the switching elements. These MOSFETs have 100V drain source voltage (DSS V) 
and 30A drain current (Id). Gates of the MOSFETs are driven with 25MHz PWM signal. Diode of buck and 
boost are chosen 1N5822schottky rectifier which has 40V peak repetitive reverse voltage (PRRV) and 3A 
average rectifier forward current(ARFC). In this scheme, C_VOUT capacitor is used to overcome the output 
voltage repeal and R_VOUT is used to protect to MOSFETs from no load condition. 

 

 
Fig. 3: Buck Boost converter 

 
The duty cycle of buck- boost mode of converter to be performed is selected by using the formula, 
For Buck mode, 
D = VO / Vin 
For boost mode, 
D = 1 – (Vin /VO  ) 
 

2.2 Fuzzy Logic: 
A fuzzy controller is composed of the three calculation steps like Fuzzification, Fuzzy Inference and 

Defuzzification. The control strategy based on engineering experience with respect to a closed-loop control 
application is implemented by linguistic rules integrated in the rule base of the controller. 

The first step in designing a fuzzy system with the Fuzzy System Designer is to create the input and output 
linguistic variables for the system. For each linguistic variable, the membership functions are created by setting 
degree of membership graphically. Thus two input linguistic variables (error, change in error) and one output 
linguistic variable (change in duty cycle ratio) is created with their corresponding membership functions. 

Then the next step is to create a rule base. This Rule base describes the relationships between input and 
output linguistic variables based on their linguistic terms. The rule base of a fuzzy system determines the output 
values of the fuzzy system based on the input values. 

After creating the rule base for a fuzzy system, a fuzzy controller performs defuzzification for the system. 
Defuzzification is the process of converting the degrees of membership of output linguistic variables into 
numerical values. According to the guidelines for selecting a defuzzification method the Center of Maximum 
(CoM), Center of Area (CoA), and Center of Sums (CoS) defuzzification methods are available. 

In Fuzzy logic system the linguistic variables are used instead of numerical variables. The process of 
converting a numerical variable (real number or crisp variables) in to a linguistic variable (fuzzy number or 
fuzzy variable) is called fuzzification.   

In this work, the dc voltage converter variables are voltage. The output voltage is controlled by Fuzzy logic 
controller. The error e(k) and change in error ∆e(k)  is given as input to the Fuzzy logic controller. The error is 
found by comparing the actual voltage Vo(k) with reference voltage Vref(k). From the error e(k) and previous 
error E previous(k) the change in error is calculated and then it is normalized, in order to use the same fuzzy 
logic controller for different reference voltage. Then the error and Change in error are fuzzified [6] given in 
equations  
e(k)  =  Vrf(k) - Vo(k)                                                                                            
∆e(k) = e(k) - E previous(k)    

The rule table for the designed fuzzy controller is given in the Table [7,12]. The element in the first row and 
first column means that If error is NEG, and change in error is ZERO then output is BOOST mode. 

 
 NEG ZERO POS 
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Error    
       Δ error               
NEG ZERO BOOST BOOST 
ZERO BOOST ZERO BUCK 
POS BUCK BUCK ZERO 

 

Fig. 4: shows the Membership function and rules of FLC 
 
The reverse process of fuzzification is called defuzzification. The linguistic variables are converted in to a 

numerical variable. As the weighted sum method is considered to be the best well-known defuzzification 
method, it is utilized in the present model[8-12]   

The defuzzified output is the duty cycle dc(k). The change in duty cycle ∆dc(k)can be obtained by adding 
the pervious duty cycle pdc(k) with the duty cycle dc(k) which is given in equation .  

∆�� � = ��(�) + ��� �.  
 

2.3. LabVIEW: 
2.3.1Control and Simulation Loop[13]:  

In the “Simulation” Sub palette “Control and Simulation Loop” is very useful in simulation. The Control & 
Simulation Loop has an Input Node (upper left corner) and an Output Node (upper right corner).  

Use the Input Node to configure simulation parameters programmatically. Access this dialog box by 
double-clicking the Input Node or by right-clicking the border and selecting Configure Simulation Parameters 
from the shortcut menu. 

 
Fig. 5: shows the control and simulation loop in LabVIEW 

 
Fig. 6: shows the signal arithmetic parameters icons presents in LabVIEW 
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The simulation diagram reflects the dynamic system model you want to simulate. This dynamic system 
model is a differential or difference equation that represents a dynamic system. The Control & Simulation Loop 
contains the parameters that define the behavior of the simulation. The Control & Simulation Loop also defines 
the visual boundary of the simulation diagram. Double-click the Input Node of the Control & Simulation Loop 
to access configurable parameters.  

 
2.3.2 NImyDAQ[14]: 

The NI‐USB shown in Figure 7 is a module used for data acquisition which can be connected to PC via a 
USB. It has 2 analog inputs, two analog outputs and 8 digital I/O connections. The module is compatible with 
programming software LABVIEW. 

 

 
 

Fig. 7: shows the NImyDAQ 
 
3. Results: 
Front panel: 

a) Boost mode 
 

                        
 

Fig. 8: shows the front panel of boost mode in FLC 
 
b) Buck mode 

 
 

Fig. 9: shows the front panel of buck mode of FLC 
 

Block diagram: 
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Fig. 10: shows the LabVIEW block diagram  of FLC buck boost converter. 

 

 
 

Fig. 11: shows the hardware setup of FLC buck boost converter. 
 

Table 1: shows the real time performance of  FLC buck boost converter for solar cell. 
Time Solar cell output 

voltage 
(depends on weather 

condition) 

Load voltage  Duty cycle - Boost mode Duty cycle – buck mode 
Actual calculated Actual calculated 

6a.m.9a.m 7.2 12 35% 40% 50% 50% 
9a.m- 12 
am  

10.712 12 11% 10.8% 50% 50% 

12 am -3 
pm  

24.6 12 NA NA 43.5% 48% 

3pm -6pm  17.5 12 NA NA 71% 68% 
6 pm  
6 am  

6.8 12 44.5% 43% 50% 50% 

 
The solar cell output voltage vary depends upon the wether condition. In the morning session the solar 

output in boost mode gets 10.8% to 40% and buck mode gets 50%. 
In the afternoon, boost mode is normal and buck mode gets 43% to 71%. Final conclusion the boost mode 

maintenance is easy when compared to buck mode. 
 

Conclusion:
A  high power quality buck-boost converter for solar applications  based  on  direct  Fuzzy  logic controller  

were  designed, tested and implemented. Several actuators and sensors are installed and connected to an 
acquisition and control system based on personal computer and a data acquisition card. The overall tests 
indicated that the fuzzy controller worked satisfactory but at the  expense of actuators frequent activity. This   
research has successfully showed that LabVIEW and Fuzzy Logic controller can be applied to develop a system 
for selecting the modes of controller. Using a computer system can cause some difficulties for the producer 
inexperienced with computers.  But  the developed  system  has  advantages that the designed  program  is  user-
friendly  and  the results could be easy to analyze by the user, as the front panel is a graphical user interface. The 
use of fuzzy logic requires  however,  the  knowledge  of  a  human  expert  to  create  an algorithm that mimics 
his/her expertise and thinking.    
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