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ABSTRACT 
In this paper some artificial intelligent techniques are used to control the switching device of the buck converter to control the 
switching characteristics and its output. Simulink model is used to analyze the performance of the buck converter.  
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INTRODUCTION 

 

 Now a days, Most of the electronic appliances are consuming low power DC voltage, for this purpose we 

need to undergone with some of the isolated or non-isolated DC-DC converter. In isolated circuits transformer is 

used to transfer the power from one circuit to another, In non-isolated DC-DC converter transformer is not 

necessary , it can divided into four types BUCK, BOOST, BUCK-BOOST, CUK converter. Most of the low 

power application buck converter is used  

 Buck converter is also known as step down converter. In earlier days PWM signal is generated using IC 

TCA 785 to control the buck converter switching device, the output voltage is depends upon the switching 

frequency of the switching device. To improve the accuracy of the resultant voltage and reduce the settling, rise 

and peak time of the switching device can be done by the various artificial intelligence techniques like fuzzy 

PID, ANFIS. PID is a linear controller and FPID, ANFIS is a nonlinear controller. Linear characteristics are 

controlled very easily using linear controller, but non-linear characteristics are very tough to control using linear 

controller like Proportional ‘P’, Proportional-Integral ‘PI’ and Proportional-integral-derivative controller. To 

come out from this drawback artificial intelligence techniques are used. Exact information about the system is 

not necessary for artificial intelligence. New rules are included in the FIS and ANFIS to obtain the good 

resultant voltage and reduced dynamic characteristics. 

 Simple model of the step down chopper i.e. buck converter consists of voltage source (Vdc), semiconductor 

switching device IGBT/MOSFET (S), inductor L, diode D, load resistance Rl and a filter capacitor C. when the 

gate pulse is given to the switching device, it will triggered ON, the input voltage Vi is connect to the circuit 

through the switching device, the inductor L and load R is energized due to the input source voltage Vi. During 
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the OFF period, stored energy in the inductor L will act as a source, it will form a closed path load R, feedback 

diode Df and inductor L. In this circuit both ON and OFF time of the thyristor load current is continuous in 

nature 

 

 
 

Fig. 1: Simple model of Step down converter. 

 

II.pid controller: 

 For every closed circuit, feedback path is more important to control the output voltage and dynamic 

characteristics. Digital controllers are used to control the flow, pressure, speed or temperature. The feedback 

path is used to control the output voltage. To achieve the desired output voltage, we need to compare the 

feedback voltage and reference input voltage. Error value is compensated by the digital controller. Simple type 

of digital controller is proportional controller, P-controller compensate the output voltage which is directly 

proportional to the compared voltage. Due to some drawback, proportional integral controller is introduced to 

avoid the forced oscillation and reduced in steady state error. Introduction of integral method cause the poor 

speed response and reduced in stability. Derivative mode is introduced for the nature of anticipative , 

proportional derivative ‘PD’ controllers are used in some of the applications like aero plane, helicopter and ship 

engines 

 Digital controller is a combination of three features proportional ‘P’, integral ‘I’, derivative ‘D’ controller, 

which forms the new controller called PID controller. A PID controller continuously calculates an error 

value  as the difference between a desired set point and a measured process variable and applies a correction 

based on proportional, integral, and derivative terms. The controller attempts to minimize the error over time by 

adjustment of a control variable , such as the position of a control valve, a damper, or the power supplied to a 

heating element, to a new value determined by a weighted sum. This kind of controller provides the better 

output, better stability and good transient response. 

 

 
 

Fig. 2:  P+I+D Controller. 

 

 Many methods are used to control the PID controller, they are Ziegler’s Nichols, tune by feel, software tool 

and Cohen coon method. From these methods Ziegler’s Nichols method is a most favorable and popular 

method, it is also known as online method. This method has a critical gain ‘Pc’, When it attains the maximum 

value of Pc loop gets oscillate. This method is preferred to obtain the better result. Simulated model of a step 

down chopper with discrete ‘P-I-D’ controller is shown in figure 3 

 In the above math model switching device is controlled by the PID controller which gets the error signal 

from the feedback path consist of comparator. Comparator calculates the error value by comparing the output 

voltage of the step down chopper and the set value, the generated error value is corrected by the PID controller 

by using the Zeigler’s Nichols method. PID controller controls the gate signal of the switching device to reduce 

the error and to obtain the preferred output.  

 Simulated output voltage and current waveform for three various input voltage is shown. 

https://en.wikipedia.org/wiki/Setpoint_(control_system)
https://en.wikipedia.org/wiki/Process_variable
https://en.wikipedia.org/wiki/Proportional_control
https://en.wikipedia.org/wiki/Integral
https://en.wikipedia.org/wiki/Derivative
https://en.wikipedia.org/wiki/Control_valve
https://en.wikipedia.org/wiki/Damper_(flow)


267           A.Dinesh kumar, V.Agalya, 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 265-270 

 
 

Fig. 3: simulated model of step down chopper with P+I+D controller. 

 

 
 

Fig. 4: Load voltage and current waveform for 24Vin. 

 

 
 

Fig. 5: Load voltage and current waveform for 36Vin. 
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Fig. 6: Load voltage and current waveform for 48Vin 

 

III.FUZZY PID CONTROLLER: 

 A Fuzzy Logic Control digital approach is used to control the Chopper circuit[1] and it proves that digital 

approach is much better than the analog method. FLC is designed depending upon the special knowledge and 

information about the system. The basic block diagram of FLC is shown in figure 7. 

 

 
 

Fig. 7: Block diagram of FLC. 

 

 
 

Fig. 8: Math model of step down chopper with fuzzy PID controller . 
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 In general FLC provide an assumption structure that enable suitable human reasoning capabilities. Fuzzy 

logic systems are acceptable for rough reasoning. FLC has smoother and faster response than traditional method 

and control complexity is less. The fuzzy inference system combines fuzzy IF-THEN rules for mapping from 

fuzzy sets in the input space A to the output space B based on fuzzy logic principle. In fuzzy logic, knowledge 

representation, fuzzy IF-THEN rule is a technique for capturing knowledge that involve imprecision[2]. The 

main feature of reasoning using fuzzy rules is its partial matching capability, an inference to be made from fuzzy 

rule even when the rule’s conditions are partially satisfied. 

 FLC consists of four components namely fuzzification, FIS, knowledge base and defuzzification. 

Knowledge base consists of two components they are rule base and fuzzy set. In general fuzzy set issued to 

express a fuzzy variable which is defined by a membership function . the values of membership function. The 

values of membership function vary between 0 and 1. At the heart of the fuzzy rule base are the IF-THEN rules. 

 Math model of step down chopper with fuzzy PID controller is shown in fig 8 

 In the above math model switching device is controlled by fuzzy PID controller which gets the error signal 

from the feedback path. Feedback path consists of a comparator which calculate the difference between output 

voltage of the step down converter and set value, the calculated error signal is assigned as a input value for PID 

by using the Zeigler’s Nichols method. PID controller output is made as a input for the fuzzy knowledge base, 

for this input approximated output has been assigned and this value becomes the fuzzy inference system output, 

the output of FIS is used to control the PWM signal of the switching device to reduce the error and to achieve 

the desired output and also reduce dynamic characteristics.  

 Simulated output voltage and current waveform for three various input voltage is shown in figure 9 

 

 
 

Fig. 9: Load voltage and current waveform for 24Vin 

 

 
 

Fig. 10: Load voltage and current waveform for 36Vin 
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Table 1: System parameters of step down chopper using fuzzy PID controller. 

SYSTEM PARAMETERS VALUES 

Source Voltage 24V 

Source current 0.3mA 

Inductance 400mH 

Capacitance 300µF 

Load resistance 70Ω 

Output voltage 12.35V 

Output current 0.25mA 

 

 
 

Fig. 11: Load voltage and current waveform for 48Vin 

  

IV. ANFIS CONTROLLER: 

 Artificial intelligence techniques are used to improve the performance of power electronics drive. ANFIS is 

a one among the artificial intelligence technique, it is a combination of ANN-Artificial neural network and fuzzy 

logic controller. 

 ANN is a old technique which has strong capability at the numeric level. Fuzzy logic is a new technique 

which has good capability of interpretability and also integrates expert knowledge, Combination of this two 

features form the ANFIS technology. In this ANFIS technology, ANN is used to learn the membership values 

for fuzzy system to form a rule base. Fuzzy is the most successful application in the control technique, it can be 

used to control different parameters of real time systems, this logic combined with neural networks produced a 

significant output. The basic block diagram of ANFIS is shown in figure 12. 

 

 
 

Fig.12: Block diagram of ANFIS. 

 

 In the power electronic drive, feedback path and a controller is necessary to control the dynamic system. 

ANFIS contains two main block namely fuzzy logic and artificial neural network, the feedback of the system is 

compared with the set value to find the error in the system, the error is compensated by the neuro fuzzy system 

which controls the gate signal of the switching device to obtain the desired output. 
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 Math model of step down chopper with fuzzy PID controller is shown in fig 13 

 

 
 

Fig. 13: Math model of step down chopper with ANFIS PID controller. 

 

 Simulated output voltage and current waveform for three various input voltage is shown in figure 14 

 

 
 

Fig. 14: Load voltage and current waveform for 24Vin 

 

 
 

Fig. 15: Load voltage and current waveform for 36Vin 
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Fig. 16: Load voltage and current waveform for 48Vin 

 

RESULT AND DISCUSSION 
  

 In this section three different controller outputs are compared and discussed. Step down chopper is studied 

for PID ,fuzzy PID controller and ANFIS PID controller, its math model is designed. 

 Resultant voltage and the dynamic characteristics of the step down chopper converter is derived and 

compared for the various level of input voltages for PID, fuzzy PID and ANFIS PID controller. Comparative 

table and chart is shown in fig.17 

 
Table 2: comparative performance of FPID , ANFIS-PID and PID controller. 

 
 

 
 

Fig. 17: chart representation for Rise time. 



273           A.Dinesh kumar, V.Agalya, 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 265-270 

 
 

Fig. 18: chart representation for Peak time. 

 

 
 

Fig. 19: chart representation for Settling time. 

 

 From the above chart representation ANFIS is below the fuzzy PID controller and discrete PID controller 

for all three different input voltage 

 

Conclusion: 

 It is concluded that ANFIS controller has good transient state response than the fuzzy PID and discrete PID 

controller. It also provides low peak, low rise, low settling time with high output voltage. Neuro fuzzy controller 

provides better output and good control then the normal fuzzy PID control.  
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