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Abstract—Aiming at the strongly nonlinear behavior of Buck converter, the state space average method is used to model 
Buck converter, and the small signal model and open-loop transfer function are obtained. According to the open-loop 
transfer function, PID controller is designed. For the shortcoming of the traditional PID controller which cannot change the 
control parameters dynamically according to the change of the system’s operating point, the fuzzy algorithm is introduced 
into the PID controller. To model PID controller and fuzzy PID controller, MATLAB/Simulink is used. It can be shown from 
simulation results that fuzzy PID control has better dynamic control performance and can be used in other converters. 
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I. INTRODUCTION 

The switching power supply can make the output of the system to be a stable value by controlling the on and off 
time ratio of the switch. Buck, Boost, Buck-Boost and Cuk are the common structures of DC-DC converters [1,2]. Buck 
converter is selected as the research object in this paper. Due to the existence of inductance and capacitance inside Buck 
converter, the circuit produces nonlinear phenomena which affect the power supply performances [3]. In this paper, the 
state space average method is used to model Buck converter, and the small signal model is obtained [4,5,6]. Traditional 
PID and fuzzy PID control methods are respectively used to control the nonlinear behaviors. 

PID controller is the most common controller which uses traditional linear control method and has simple structure. 
However, the small signal model of switching converter will change when the operating point changes during working 
process, so it is difficult to achieve the desired control effect by using traditional PID controller [7,8]. Therefore, a new 
control method is raised. Fuzzy algorithm does not require precise control parameters and has strong adaptability to the 
change of converter operating point and good robustness [9,10]. In this paper, fuzzy algorithm and traditional PID 
control are combined to form the fuzzy PID control. The fuzzy PID controller can adjust PID parameters adaptively to 
keep the system stable when the load resistance changes. 

II.  SYSTEM DESCRIPTION MODELING 

Buck converter is also known as a step-down converter, and its basic circuit diagram is shown in Fig. 1. Assuming 
that all the components in the circuit are ideal and no parasitic effects, the converter is in CCM state. According to the 

states of the switchQ and the diodeD , the system can be considered as a variable structure toggles its topology. For 

each configuration, the corresponding equations can be listed separately. )(tx is the state variable of the system, 

)(tu is the input variable and )(ty is the output variable. 
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Fig1. Circuit diagram of Buck converter 

Configuration 2: S off and D on 
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According to the state space average method, the general form of the equations of state during a period of Buck 
converter can be obtained: 
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In the equations, 
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, 121  dd , 1d is the duty cycle conducted by the switch, 2d is the duty 

cycle conducted by the diode. 

By decomposing the state variable into the steady state value and the small perturbation, the static operating point of 
the converter can be further determined, and the influence of small signal on the steady state operating point can be 

analyzed. Then, the above variables can be rewritten as: )()( txXtx

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
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 . Substituting into equation (3), the open-loop transfer function 

of Buck converter under ideal state can be obtained by calculation: 
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III. PID CONTROLLER DESIGN OF BUCK CONVERTER

Set the input voltage of Buck converter is VVin 24 , the reference voltage is VVref 12 , the inductance is 

HL 350 , the capacitance is FC 210 , the resistance is 10R , the switching frequency is 

kHzf 10 . The transfer equation of the traditional PID controller is:

sK
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1
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pK , iK and dK is the control coefficients of proportion, differentiation and integration respectively. The system can be 

controlled by adjusting these three parameters. According to the open-loop transfer function of Buck converter, these 
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three parameters are set to 115pK , 7iK , 03.0dK , and substituted into equation (5) to obtain the transfer 

function of PID controller. Before adding PID compensation link and after adding PID compensation link, the Bode 
diagrams of Buck converter are drawn in MATLAB in the same figure. As shown in Fig. 2, PID controller has obvious 
compensation effect. 

IV. FUZZY PID CONTROLLER DESIGN OF BUCK CONVERTER 

Uncertain changes will occur in the actual working process of the converter. The control parameters in the 
traditional PID control method are fixed and cannot be changed adaptively to meet the corresponding circuit conditions, 
resulting in poor control effect. Aiming at this phenomenon, fuzzy PID controller is proposed. In order to construct 
fuzzy PID controller, fuzzy algorithm is added to the traditional PID controller. The input of fuzzy PID controller is 

error signal e  and error rate signal, the output is the change of proportional control coefficient pK , differential 

control coefficient iK and integral control coefficient dK . The basic structure of the fuzzy PID controller is shown

in Fig. 3. The principle of the fuzzy algorithm is to detect the error signal and the error rate signal and to output signals 
by calculating with fuzzy rules. The PID controller coefficients can be dynamically adjusted by output signals.  
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Fig.2 Comparison bode diagram Fig.3 Fuzzy PID controller

In order to prove the superiority of fuzzy PID control method over PID control method, based on 
MATLAB/Simulink environment, the system simulation schematic diagram was built for verification and comparison. 
The comparisons of the inductive current and output voltage of Buck converter between PID controller and fuzzy PID 
controller were shown in Fig. 4 and Fig. 5 respectively. It can be seen from the figures, the overshoot of PID controller 
is larger than that of fuzzy PID controller, while the response speed is slower and the output voltage and current ripple 
are larger. 

Fig.4 Inductive current comparison graph between PID control and fuzzy PID control 

Fig.5 Output voltage comparison graph between PID control and fuzzy PID control 

In order to enhance the advantage of the fuzzy PID control method, a resistor  3R is connected in parallel to 

the load resistor when the simulation time is s01.0 . Fig. 6 and Fig. 7 are drawn in MATLAB by simulation with 

Simulink. As can be seen from Fig. 6, under the PID control method, the inductance current has a significant mutation, 
and the ripple of the inductance current becomes significantly larger. However, under the fuzzy PID control method, the 
inductance current is essentially unchanged, and the output ripple is significantly smaller than the current ripple under 
the PID control method. As can be seen from Fig. 7, under the fuzzy PID control, the output voltage remains almost 

unchanged in the process of load resistance value mutation. But under the PID control, at st 01.0 , it is obvious that 
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the output voltage curve generates shake, and it takes a period of time to recover stability. In conclusion, compared with 
the traditional PID control method, the fuzzy PID control method is more adaptable to the change of load resistance and 
has better dynamic control effect. 

Fig.6 Comparison of inductive currents when load resistance changes 

Fig.7 Comparison of output voltages when load resistance changes 

V. SUMMARY

Aiming at Buck converter of DC-DC converter, fuzzy algorithm and PID controller were combined in this paper. 
Fuzzy PID control method can enhance the robustness of the control system for the traditional PID controller cannot 
flexibly change parameters when the working point of the converter changes. The advantages of fuzzy PID controller 
that smaller overshoot and stronger robustness are shown in experimental results. When the operating point of the 
system changes, the output voltage and inductive current of the Buck converter remain basically unchanged under the 
action of the fuzzy PID controller, indicating that the fuzzy PID control has better dynamic control performance. 
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