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ABSTRACT 
The primary objective of the paper is to control the stability and improve the performance of the SEPIC converter based on 
piecewise affine modeling. Model predictive controller is used to control the duty cycle of the converter. This allows a 
systematic controller design that achieves the regulation of the output voltage to its reference despite input voltage and 
output load variations, while satisfying the constraints on the duty cycle and the inductor current. A kalman filter is added to 
the account for unmeasured load variations to achieve zero steady-state output voltage error.   
Keywords: DC-DC Single ended primary inductance converter (SEPIC), Model predictive control (MPC), Piecewise Affine 
system (PWA), State space model.  

1. INTRODUCTION  
This paper describes the hybrid model of high 
performance controller for the SEPIC converter. The 
DC-DC converters are used to regulate the output 
voltage and it can be used in battery operated 
equipment’s such as laptop and cell phone chargers 
etc. Several DC-DC converter topologies are used. In 
this paper SEPIC converter is used to regulate the 
output voltage. The functions of DC-DC converters 
are 1 To convert a dc input voltage into a dc output 
voltage. 2) To regulate the dc output voltage against 
load and line variations.3) To reduce the ac voltage 
ripple on the dc output voltage below the required 
level. SEPIC converter gives the output voltage is 
greater than or less than the input voltage. Compared 
to buck-boost converter this converter has the good 
inductor position. The stability of the buck and buck-
boost converter is verified using PI control technique 
[1].Adaptive digital PID controller improve the 
performance of the DC-DC converter of the closed 
loop system and also decrease the settling time of the 
system[2]. Step down converter is controlled by two 
controllers such as piecewise linear state feedback 
controller and piecewise affine controllers. These 
controllers improve the performance & stability of the 
converter [3].Several control and modeling techniques 
such as explicit model predictive control, hybrid 
modeling techniques, Sliding model control, Linear 
model, Non-Linear modeling techniques are used [4]-
[8].By varying the reference current stability of the 
SEPIC converter controlled by peak current controller 
and the results are compared with hysteresis current 
controller[9]. A prior sufficient conditions for 
Lyapunov asymptotic stability and exponential 
stability of MPC with PWA system[10].Five control 
methods from hybrid techniques applied to fixed 
frequency DC-DC step down and step up 
converter[11].Single phase switched mode rectifier 
using model predictive control technique. This 
technique gives better performance compared to PI 
controllers [12]. Step up converters controlled with 
digital current controllers for power factor correction 
with load variations [13]. Boundary control, 
geometric control method applied to buck converter 
with fixed frequency [14]. In above papers discussed 
with linear models and non-linear models separately, 
But in model predictive controller deals with 
continuous as well as discrete operations and also 
these control techniques are applied in buck, boost 
and buck-boost converters. In this paper MPC 
controller with piecewise affine system applied to 
SEPIC converters. Analysis and design of SEPIC 
converter and results are discussed in this paper.  

II. CONVERTER DESCRIPTION 
This is one of the DC-DC converter.it provide step up 
and step down operation. SEPIC converter has good 
inductor position. Inherent startup capability & we 
can get any output. That finds application in 
distributed power systems, power factor correction 
circuits and battery chargers such as laptop, mobile 
etc. Fig: 1Equivalent circuit of SEPIC converter. 
There are two possible modes of operation in the 
SEPIC converter: Continuous Conduction Mode 
(CCM) and Discontinuous Conduction Mode (DCM). 
This paper presents modeling of a SEPIC converter 
operating in CCM using the State-Space Averaging 
(SSA) technique.  SEPIC converter consists of two 
inductor, two capacitor, a power switch, a diode and 
in this paper the equivalent series resistances of the 
inductors and capacitors are considered. 
Features of SEPIC converter are  
1) Capacitive energy Transfer  
2) Full transformer utilization  
3) Excellent transient performance  
4) Good steady-state programs  

 
Fig 1: Equivalent circuit of SEPIC 

 
(a) 

 
(b)  

Fig 2: a) during turn on b)during turn off 
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A. During turn on 
 fig:2 a)during turn on period. When the switch Q is 
ON, the inductor  absorbs energy from the source 
and the energy stored in capacitor is transferred to 
inductor . The stored energy in capacitor is 
delivered to load R. The inductor currents  and  
increase linearly during this mode and the switch 
current is the sum of and . 
 State space equations are 

                                     (1) 

                                               (2) 

                            (3) 

                                           (4) 

                 (5)   

                                                (6)  

Mode 1 S is turn on   
   (7)      

                             (8)  

=State vector,    =u(t)=Input vector, 
=y(t)=Output vector . 

B. During turn off period 
Fig:2 b)during turn off period. The switch Q is turned 
OFF. The inductor  transfers the energy to 
capacitor . At the same time,  flows through –
R and free-wheeling diode D. This energy supplies 
the load current and replenishes the charge drained 
away from the output capacitor C2 when it alone was 
supplying the load current during the ON time. Both 
currents iL1 and iL2 decreases during this mode of 
operation. 
State space equations are 

             (9)  

                                                    (10) 

                               (11) 

                                   (12)      

                        

                                                                        (13) 

                                                                   (14) 
Mode 2 S is turn off  

     (15)  

                                           (16) 
Generalized format 
                                           (17) 

                                           (18) 
 

A=                     (19)

                                      

                                                          (20) 

III. CONTROL SCHEME 
The difficulties in controlling dc–dc converters arise 
from their hybrid nature. In general, these converters 
feature three different modes of operation, where 
each mode has an associated linear continuous-time 
dynamic. Furthermore, constraints are present, which 
result from the converter topology.  In particular the 
manipulated variable (the duty cycle) is bounded 
between zero and one, and in the discontinuous 
current operation a state (inductor current) is 
constrained to be nonnegative. The control problem 
is further complicated by gross changes in the 
operating point that occur due to input voltage and 
output load variations. Controllers are 1.PI controller 
2. PID controller 3. Fuzzy logic controller 4. Model 
predictive controller. 
C. PWA 
A discrete-time piecewise affine (PWA) model has 
been proposed for a nonlinear model. PWA model is 
one of the main classes of hybrid systems being 

equivalent to some other hybrid modeling frameworks 
such as mixed logical dynamical model. In order to 
control the system, a model predictive control (MPC) 
strategy in explicit form has been used which 
calculates the control laws as an affine function of 
system states. Recently, hybrid systems have been 
largely noticed       in different communities such as 
control and computer science societies. These systems 
refer to those that involve both continuous and 
discrete dynamics. In many physical and industrial 
systems, a large number of interactions are available 
between continuous and discrete parts. Thus the 
hybrid description and analysis of such systems help 
us understand these systems behavior in a better way. 
The PWA models are defined by partitioning the 
state-space into polyhedral regions and associating to 
each of them a different affine function, used to 
update the system’s state and output. The discrete-
time expression of a PWA model is as follows [3], 
                    (21) 

                          (22) 

x(k) = system matrix 
u(k) = input matrix, 
y(k) = output matrix. 
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An important feature of PWA models is that the state 
update map can be discontinuous along the boundary 
of the regions. 
1. It includes both continuous as well as discrete 
system. 
2 .It’s capable of describing different types of 
systems. 
3. Systematic approaches such as model predictive 
control can be applied to control these systems.  
D. MPC 
A model of the process is used to predict the future 
evolution of the process to optimize the control 
signal. Model predictive control does not designate a 
specific control strategy but rather an ample range of 
control methods which make explicit use of a model 
of the process to obtain the control signal by 
minimizing an objective function, these design 
methods lead to controllers which have practically 
the same structure and present adequate degree of 
freedom. The ideas, appearing in greater or lesser 
degree in the predictive control family, are basically: 
1. Explicit use of a model to predict the process 
output at future time instants. 
2. Calculation of a control sequence minimizing an 
objective function. 
IV. SIMULATION RESULTS 
The model predictive control law of SEPIC converter 

varying the input voltage and load variations results 
is shown in fig and these results are compared to step 
down converter. Converter and controller parameters 
are given in the below table. 

 

 

TABLE: 1 CONVERTER PARAMETERS 
Converter Parameters 

Parameters Values 

 1 mH 

 220µF 

 0.65Ω 

 1.15Ω 

 8.9Ω (nominal) 

 
1A 

 12V (nominal) 

 6V 

TABLE:2 CONTROLLER PARAMETERS 
Controller Parameters 

Parameters Values 

V 2 

q1 4 

 20khz 

q2 0.1 

N 2 

 
Fig 3:over all simulation diagram 

 
Fig 4: Equation diagram 
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Fig 5: Output equation 

 
Fig 6: MPC controller subsystem 

The overall parameters values are given in table 1,2. 
For varying the step change in input voltage and load 
output waveform shown in below figs. 
When d=1, supply voltage=16(V), load=8.9Ω the 
output waveform shown in below fig. 

 
Fig 7: Output waveform 

For varying the load=100Ω, the output voltage 
waveform is 

 
Fig 8:Output voltage waveform for buck,SEPIC 

converter 
Varying the supply voltage=18(V), Load=8.9(Ω), 
The output voltage waveform is 

TABLE: 3 CHANGE IN LOADS AND 
CORRESPONDING OUTPUT VOLTAGES. 

                                                    d=1, =16V 
Resistive load 
(Ω) 

    Output Voltage (V) 

8.9 9.9 
10 10 
20 10.3 
30 10.42 
40 10.45 
45 10.5 

100 10.5 

 
Fig 9: Output Voltage for buck,  SEPIC converter for 
varying the supply voltage 
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TABLE: 4 CHANGE IN SUPPLY VOLTAGES AND 
CORRESPONDING OUTPUT VOLTAGES 

                                                              d=1,L=8.9(Ω) 
Supply 
voltage(V) 

Output Voltage(V) 

18 12.3 
20 14.3 
24 18.2 
30 23.58 
50 43.4 
60 52.58 
100 52.58 

V. CONCLUSION  
We have presented a modeling and control approach 
for fixed frequency switch-mode dc–dc converters. 
The method is presented here for the single Ended 
Primary Inductance Converter (SEPIC) dc–dc 
converter. The performance of the SEPIC converter 
was improved and the stability was controlled by 
model predictive controller of piecewise affine model 
.The addition of a Kalman filter estimating the output 
voltage error and adjusting the voltage reference 
accordingly provides disturbance rejection to large 
changes in the load resistance. The Output waveforms 
are compared with step down dc-dc converter by 
using MATLAB Simulink software. 
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