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ABSTACT: This paper presents a comparative analysis of two techniques for controlling DC-DC buck 
converters: the analogue technique that is based on the proportional-integral-derivative (PID) sliding 
mode (SM) voltage control, and the digital one using quasi-sliding mode based generalized minimum 
variance (QSMGMV) control. Both converters provide good voltage regulation and exhibiting robustness 
to parameter and load variations. The voltage regulation in the converter with QSMGMV controller is 
achieved by measuring only the sensed output voltage, whereas with PID SM controller, the use of current 
sensor is mandatory. The former convertor has also smaller output voltage ripple in comparison with the 
latter one. On the other hand, the acceptable performance in the converter with PID SM control is reached 
by tuning only three controller parameters in familiar way. 
Keywords: DC-DC buck converter, continuous conduction mode (CCM), proportional-integral-derivative 
controller (PID), sliding mode (SM) voltage controller, pulse width modulator (PWM) 
 
1. INTRODUCTION 
DC –DC converters are power electronic circuits that convert a dc voltage to a different voltage 
level. They have a very large presence in all kind of electronic circuits, from industrial to personal 
applications due to their efficiency and reliable operation. There are different types of conversion 
method such as electronic, linear, switched mode (as presented in this paper), magnetic, and 
capacitive, as well as different converter topologies (buck, boost, buck-boost). 
In this paper, we consider the buck (step-down) converter that produces a lower output voltage 
than the DC input voltage [1, 2]. As DC-DC converters are nonlinear and time variant systems, 
the linear control techniques are not suitable, so in order to achieve a robust output voltage, 
sliding mode (SM) controllers are implemented. SM control is a class of variable structure control 
[3], providing robust system motion along a predefined sliding surface. It is insensitive to system 
parameter uncertainty and external disturbances under certain conditions, and is suitable for 
power converting systems. 
SM controllers operate at very high switching frequency and, therefore, produce an excessive 
switching, inductor and transformer core losses, as well as electromagnetic interference (EMI) 
noise issues. Hence, their switching frequencies must be constricted within a practical range [4], 
with using PWM technique to overcome this problem. 
The paper deals with the comparative analysis of two DC-DC buck converters. The first one is 
with a continuous-time proportional-integral-derivative (PID) SM controller [5], and the second 
one uses digital quasi-sliding mode based generalized minimum variance (QSMGMV) control [6]. 
The advantages of the latter approach over the former one is that it demands measuring only the 
converter output voltage, as well as it can be easily implemented with standard microcontrollers. 
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2. CONTROL DESIGN PROCEDURES  
In this section, the brief descriptions of design procedures for converters with both SM controllers 
are given. They are explained at large in [5] and [6] for PID SM and quasi-sliding mode based 
minimum variance control, respectively. The schemes of converters are depicted in Figure 1. 

(a) (b) 
Figure 1. Buck converters with (a) PID SM and (b) QSMGMV controllers 

2.1 PID SM Controlled Buck Converter  
The continuous-time state-space model of DC-DC buck converter can be derived from Figure 1 
(a) in the following form [5]: 
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where x1, x2 and x3 denote a voltage error, a voltage error rate, and an integral of voltage error 
determined by: 

 
[ ] ( ) ( )

( ) ( )

β
β β

ββ
β β

 −
= = − − = 

 
 −

= − + − 
 

∫

∫ ∫

1 2 3

.

ref o
buck ref o ref o

o io
ref o ref o

d V V
x x x V V V V dt

dx

V V uV
V V dt V V dt

RL LC

x
                         (2) 

Let us define the switching function of SM control [5] by: 
 = + +1 1 2 2 3 3s c x c x c x                                                                 (3) 

Note that s=0 denotes a equation of sliding surface. Now, we can calculate the control signal Vc as 
an equivalent control from = 0s , taking into account (1) and (3): 
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and mapped it onto PWM duty cycle function d: 
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where β=ramp oV V  is a PWM ramp signal. 
2.2 QSMGMV Controlled Buck Converter 
The transfer function of DC-DC buck converter can be obtained from Figure 1 (b) as: 
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where Y(s) = βVo(s). Under the assumption that control signal is a constant during the sampling 
period T, u(t)=u(kT), kT < t< (k+1)T, the input-output model of DC-DC Buck converter in z-
domain can be represented by: 
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where z-1 is an unit delay and: 
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Under an assumption that the reference input signal in subsequent time instants (Vr(k+1), 
Vr(k+2),…) is known in advance and equal to Vref, QSMGMV control law for the DC-DC buck 
converter is defined as [7]: 
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s(k) represents the switching function given by: 
 − −= − + −1 1( ) ( )( ( ) ( )) ( ) ( 1)rs k C z y k V k Q z u k ,                                        (10) 

and: 
 − − − − −= + + = −1 1 2 1 1

0 1 2( ) , ( ) (1 )C z c c z c z Q z q z .                                      (11) 
C(z-1) is a polynomial with all zeroes inside the unit disk in z-plane, while the polynomial Q(z-1) 
must satisfy Q(1)=0 The polynomials E(z-1) and F(z-1) are the solutions of so called Diophantine 
equation: 

 − − − − −= +1 1 1 1 1( ) ( ) ( ) ( )C z E z A z z F z ,                                                (12) 
with 
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Notice that s(k)=0 is an equation of sliding hyper-surface. Based on (7), (9), (10) and (12), we 
get the switching function dynamics in the following form: 

 α+ = −( 1) ( ) sgn( ( ))s k s k T s k .                                                   (14) 
If α > 0 , a quasi-sliding motion is established in Δ-vicinity of s(k) = 0, i.e. |s(k)| ≤ Δ is always 
satisfied, where Δ is a function of αT. Then, the system overall stability depends on the roots of 
equation: 

 − − − −+ =1 1 1 1( ) ( ) ( ) ( ) 0B z C z A z Q z ,                                                  (15) 
which have to be inside the unit disk in the z-plane. In that way, the main aim of design to 
maintain the sensed output voltage y(k)=βVO(k) stable, constant and equal to some, reference 
voltage Vr(k)=Vref, despite the variations of load resistance R, is achieved. 
3. SIMULATION RESULTS 
The comparative analysis of the 
proposed control algorithms is 
performed by using digital simulation 
results. The values of buck converter 
components, used in simulations, are 
given in Table 1.  
The coefficients of PID SM controller 
are ( )β − =1 2/ 1/( ) 26.1753L c c RC  and 

( ) = ⋅ 3
3 2/ 5.9218 10LC c c . The parameters 

of QSMGMV controller are chosen as 
follows: − − −= − +1 1 2( ) 1 1.067 0.2846C z z z − −= ⋅ −1 1( ) 0.0001 (1 )Q z z , T=50 s, α = 1, − =1( ) 1E z , 

− −=1 1( ) 0.9289-0.7129F z z . For both controllers PWM frequency is 200 kHz and β = 0.208 . 

 
Figure 2. Output voltage and current of buck converter with PID SM control 

The time responses of converter output voltages and current with PID SM and QSMGMV 
controllers are presented in Figure 2 and Figure 3, respectively. The simulations show a smaller 

Table 1. Buck converter component values 
Description Parameter Nominal Value 

Input Voltage Vi 24v 
Capacitance C 1500µF 

Capacitor resistance rc 21e-3Ω 
Inductance L 1000µH 

Inductor resistor rL 0.12Ω 
Switching Frequency fs 200KHz 

Load Resistance R 3Ω 
Expected Output Voltage Vo 12v 
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ripple of the output voltage with QSMGMV control than it is case with the implementation of PID 
SM controller, as well as good voltage regulation. However, PID SM control algorithm provides 
smoother output voltage. The settling time of converter with PID SM control is about 0.016 s, 
whereas with QSMGMV controller is twice faster and equal to 0.008 s. 

 
Figure 3. Output voltage and current ic of buck converter with QSMMV control 

4. CONCLUSION 
Two control techniques for DC-DC buck converter are considered in this paper: the continuous-
time PID sliding mode (SM) control, as well as digital quasi-sliding mode based generalized 
minimum variance (QSMGMV) control law. QSMGMV control needs only measuring of output 
voltage signal in order to ensure robust performances of the converter. On the other side, it is 
necessary to use the current sensors in the implementation of PID SM controller. Although the 
realization of QSMGMV is much easier thanks to nowadays microcontrollers, the calculation of 
PID SM controller parameters is simpler and more straightforward. The settling time of converter 
is twice faster with QSMGMV controller than in the case when PID SM control law is applied. 
Note: This paper is based on the paper presented at The 12th International Conference on 
Accomplishments in Electrical and Mechanical Engineering and Information Technology – DEMI 2015, 
organized by the University of Banja Luka, Faculty of Mechanical Engineering and Faculty of Electrical 
Engineering, in Banja Luka, BOSNIA & HERZEGOVINA (29th – 30th of May, 2015), referred here as[8]. 
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