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Abstract- This paper presents comparative dynamic response 

of Closed Loop Buck Converter using PID, Fuzzy and Sliding 

mode control. Output Voltage is compared with a reference 

signal, which then is processed through a PID controller. The 

obtained signal is superimposed with a carrier signal and 

given to switching device used. To further optimize the 

performance of Buck Converter, Fuzzy controller and sliding 

mode controller is used. Here Suguno type Fuzzy is used. 
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I. INTRODUCTION 

 
Switch-mode power supplies (SMPS) are nonlinear 

and time-varying systems, and thus the design of a high-

performance control is usually a challenging issue. In fact, 

control should ensure system stability in any operating 

condition and good static and dynamic performances in terms 

of rejection of input voltage disturbances and load changes. 

These characteristics, of course, should be maintained in spite 

of large input voltage, output current, and even parameter 

variations. 

 
A classical control approach relies on the state space 

averaging method, which derives an equivalent model by 

circuit-averaging all the system variables in a switching period 

[3–5]. On the assumptions that the switching frequency is 

much greater than the natural frequency of system variables, 

low-frequency dynamics is preserved while high-frequency 

behavior is lost. From the average model, a suitable small 

signal model is then derived by perturbation and linearization 

around a precise operating point. Finally, the small-signal 

model is used to derive all the necessary converter transfer 

functions to design a linear control system by using classical 

control techniques. The design procedure is well known, but it 

is generally not easy to account for the wide variation of 

system parameters, because of the strong dependence of small-

signal model parameters on the converter operating point. 

Multi-loop control techniques, such as current mode control, 

have greatly improved power converter dynamic behavior, but 

the control design remains difficult especially for high-order 

topologies. 

 
The sliding-mode approach for variable structure 

systems (VSS) [1],[2] offers an alternative way to implement a 

control action that exploits the inherent variable structure 

nature of SMPS. In particular, the converter switches are 

driven as a function of the instantaneous values of the state 

variables to force the system trajectory to stay on a suitable 

selected surface on the phase space. This control technique 

offers several advantages in SMPS applications [6],[12],[19]: 

stability even for large supply and load variations, robustness, 

good dynamic response, and simple implementation. Its 

capabilities emerge especially in application to high-order 

converters, yielding improved performances as compared with 

classical control techniques. 

 
II. BUCK CONVERTER 

 
Figure 1 shows the basic circuit diagram of buck 

converter. The name ―Buck Converter‖ itself indicates that the 

input voltage is bucked or attenuated and low voltage appears 

at the output. A buck converter or step down voltage regulator 

provides non isolated, switch mode dc-dc conversion with the 

advantage of simplicity and low cost.  
 
 
 
 
 
 
 
 

Fig.1 Buck Converter 

 
The buck converter consists of main power switch, a 

diode, a low-pass filter (L and C) and a load. The basic buck 

converter operates in ON and OFF states. In ON state i.e. 

when the switch is closed the current to load is supplied from 

source voltage through inductor, where inductor gets charged 

to its peak level. Where as in OFF state i.e. when switch is 

open the inductor acts as source to the load. 

 
Basic Operation of buck converter is depicted in its 

equivalent circuit during ON and OFF State. 
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Figure 2. Equivalent Circuit during ON State  
 
 
 
 
 
 
 
 
 

 

Figure 3. Equivalent Circuit during OFF State 

 

For the buck converter: 
 

(Vs  Vo)DT  Vo(1  D)T (1) 
 
Where 
 
Vs: Source Voltage  
Vo: Load Voltage 

T: Time Period  
D: Duty Cycle 

 

Hence the dc voltage transfer function can be defined 

as the ratio of the output voltage to the input voltage, 
 

Vo 
D (2) 

Vs 

 

III. PID CONTROLLER 

 

PID controllers are widely used in industry due to 

their simplicity and ease of re-tuning on-line. In the past four 

decades, there are numerous papers dealing with the tuning of 

PID controllers. A natural question arises: how can the PID 

settings obtained by different methods are compared? A 

simple answer is to use step responses of the closed-loop 

systems and compare the overshoot, rise time and settling 

time. 

 

An alternative is to use the integral error as a 

performance index. However, these time domain performance 

measures do not address directly another important factor of a 

closed-loop system—robustness. It is a well-known fact that 

models used for controller tuning or design are often 

inaccurate, so a PID setting based on optimization assuming 

an accurate model will generally not be guaranteed to be 

robust. For a fair comparison of different PID settings, both 

time domain performance and frequency domain robustness 

should be considered. 

 
A PID controller consists of the sum of three control 

actions, namely, a control action proportional to the control 

error, a control action proportional to the integral of the control 

error, and a control action proportional to the first derivative of 

the control error. Proportional action implements the typical 

operation of increasing the control variable when the control 

error is large (with appropriate sign). 

 

The integral action is related to the past values of the 

control error and allows the reduction to zero of the steady-

state error when a step reference signal is applied or a constant 

load disturbance d occurs. 

 

The derivative action is based on the predicted future 

values of the control error and has therefore a great potential 

in improving the control performance as it can anticipate an 

incorrect trend of the control error and counteract for it. 

 

By "tuning" the three constants in the PID controller 

algorithm the PID can provide control action designed for 

specific process requirements. The response of the controller 

can be described in terms of the responsiveness of the 

controller to an error, the degree to which the controller 

overshoots the set point and the degree of system oscillation. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Block Diagram of a PID Controller 

 

In its basic form, the control action can be expressed as 

 

Ki 
U (s) E(s) Kp Kds (3)  

s  
Advantages of PID controllers: 

 

i. It is easy and simple to implement.  
ii. Easy to understand.  
iii. Reliable for linear systems. 

 

Disadvantages of PID controllers: 
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i. It does not reliable and satisfactorily in case of non-

linear systems.  
ii. It shows longer rise time when overshoot in 

output voltage decreases. 
 
iii. It suffers from dynamic response and produces overshoot 

affecting the output voltage regulation of converter. 
 
iv. The dynamic performance is limited because a PI voltage 

control cannot react to disturbance until the effects have 

appeared in the converter output. 

 

IV. FUZZY CONTROLLER 

 

A fuzzy controller converts a linguistic control 

strategy into an automatic control strategy, and fuzzy rules are 

constructed by expert experience or knowledge database 

 

First, set the error e(t) and the error variation de(t) of 

the angular velocity to be the input variables of the fuzzy logic 

controller. The control voltage u(t) is the output variable of the 

fuzzy logic controller. 

 

The linguistic variables are defined as {mf1, mf2, 

mf3, mf4, mf5, mf6, mf7}. The fuzzy rules are summarized in 

Table 3. The type of fuzzy inference engine is Suguno. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Fuzzy Rules  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6. Membership functions for error normalized input 

 
 
 
 
 
 
 
 
 

 

Figure 7. Membership functions for change in error   
normalized input 

 

Among the various available membership functions, 

here triangular membership function is used. 

 
IV. SLIDING MODE CONTROLLER 

 

The Sliding Mode (SM) controller was introduced for 

controlling variable structure systems (VSS).Sliding Mode 

Controller, a widely used Non-Linear Controller remains 

vibrant in overcoming the issues of the linear controllers. 

Sliding mode controller is a variable structure system which 

operates based on the switching strategy apart from the 

feedback controllers. They are less sensitive to disturbance and 

parameter variations due to its binary nature adapting to the 

modern power switches. 

 

This seems more naturally so since the design of 

conventional pulse width modulation (PWM) controllers in 

power electronics is small signal based and they often perform 

unsatisfactorily under large-signal operating condition. Sliding 

mode controllers are well known for their robustness and 

stability. Use of SM controllers can maintain a good regulation 

for a wider operating range. This has aroused a lot of interests 

in the use of SM controllers for DC–DC converters. Most of 

the previously proposed SM controllers for switching power 

converters are hysteresis modulation (HM) (or delta-

modulation) based. Naturally, they inherit the typical 

disadvantages of having variable switching-frequency 

operation and being highly control sensitive to noise. Possible 

solutions are to incorporate constant timer circuits into the 

hysteretic SM controller to ensure constant switching 

frequency operation or to use adaptive hysteresis band that 

varies with parameter changes to control and fixate the 

switching frequency. However, these solutions require 

additional components and are unattractive for low cost 

voltage conversion applications. 

 

An alternative solution to this is to change the 

modulation method of the SM controllers from HM to pulse-

width modulation (PWM). The idea is based on the 

assumption that at a high switching frequency, the control 

action of a sliding mode controller is equivalent to the duty 
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cycle control action of a PWM controller. Hence, the 

migration of a sliding mode controller from being HM based 

to PWM based is made possible. 

 
 
 
 
 
 
 
 
 

 

Figure. 8 Block Diagram of Sliding Mode Control 

 

The basic principle behind the SMC controlled 

system is to drive the converter to the steady surface called the 

sliding surface and maintain the stability of the system thus 

giving the regulated output voltage for any variations in the 

load or switching frequency. 

 

Sliding Mode control principle is 

graphically represented in figure-4.  

 
 
 
 
 
 
 
 
 
 

 

Figure 11. Output Current waveform of Buck   
Waveform using PID Controller  

 
 
 
 
 
 
 
 
 
 
 

 

Figure. 12 Output Voltage waveform of Buck Waveform 

using PID Controller 

 

Figures 11 and 12 shows the obtained waveforms for 

output current and output voltage respectively for Closed loop 

Buck Converter using PI Controller. 
 

 
 

 

Figure 9. Sliding mode on x1-x2 phase plane 

 

IV. SIMULATION RESULTS 

 

The Closed Loop performance of Buck Converter 

using PID Controller, Fuzzy Controller and Sliding Mode 

Controller is simulated with MATLAB/SIMULINK. Dynamic 

Response of output voltage and output current of Buck 

Converter using PID Controller, Fuzzy Controller and Sliding 

Mode Controller is obtained. 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Simulink Model of Buck Converter using PI 

Controller 

 

Figure 10 shows Simulink model of Closed Loop 

Buck Converter using PI Controller 

 
 
 
 
 
 
 
 
 
 
 
 

Figure. 13 Simulink Model of Buck Converter using Fuzzy 

Controller 

 
Figure 13 shows Simulink model of Closed 

loop Buck Converter using Fuzzy Controller. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure. 14 Output Current waveform of Buck Waveform 

using Fuzzy Controller 
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Figure. 15 Output Voltage waveform of Buck Waveform 

using Fuzzy Controller 

 

Figures 14 and 15 shows the obtained waveforms for 

output current and output voltage respectively for Closed loop 

Buck Converter using Fuzzy Controller. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure. 16 Simulink Model of Buck Converter using Sliding 

Mode Controller 

 
Figure 16 shows Simulink model of Closed Loop 

Buck Converter using Sliding Mode Controller 
 
 
 
 
 
 
 
 
 
 

 

Figure. 17 Output Current waveform of Buck Waveform 

using Sliding Mode Controller 
 
 
 
 
 
 
 
 
 

 

Figure. 18 Output Voltage waveform of Buck Waveform 

using Sliding Mode Controller 

 

Figures 17 and 18 shows the obtained waveforms for 

output current and output voltage respectively for Closed loop 

Buck Converter using Sliding Mode Controller. 

V. CONCLUSION 

 

The Closed Loop performance of Buck Converter 

using PID Controller, Fuzzy Controller and Sliding Mode 

Controller is simulated with MATLAB/SIMULINK. Dynamic 

Response of output voltage and output current of Buck 

Converter using PID Controller, Fuzzy Controller and Sliding 

Mode Controller is compared. 
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