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Abstract 
 
In this paper, an efficient control structure based on a PI controller for DC-DC buck-boost converter 

operation is proposed. By the proposed approach, accurate pulse width modulation (PWM) switching 

based operation duty ratio of the buck-boost converter is achieved by the closed-loop PI controller. 

The control law based on instantaneous values of the input voltage and the desired output voltage is 

used to support the PI controller to achieve an efficient and fast operation duty ratio. So the efficiency 

of the converter is improved to gain the desired high quality output voltage when the parameters of the 

converter operation are changed. Simulation studies have been done in MATLAB-Simulink to prove 

the efficiency of the proposed control approach based on the PI controller supported by the control 

law. The obtained results have shown that the proposed control approach achieves accurate and 

efficient operation for the buck-boost converter under different system conditions. 
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1. Introduction 

 

The improving technology needs continuously various forms of the electrical energy. So, 

different types of converters were developed based on the improvements in power electronics. 

DC-DC converters are used to convert a DC source from one voltage level to another. These 

converters are widely used in many industrial applications where direct voltage regulation is 

required [1-3]. 

 

The DC-DC buck-boost converter produces an output direct voltage value lower or higher than 

the input voltage value [4]. The voltage transformation is achieved by pulse width modulation 

PWM. The duty ratio controls the buck-boost converter as is the case in other DC-DC converters 

e.g. in buck and boost converters [5, 6]. Considering ideal devices and continuous inductor 

current mode conditions, the relation between the converter input and output voltages in steady 

state can be derived as an algebraic equation which depends on the PWM duty ratio alone. But in 

practice, discontinuous current mode converter operation and non-ideal converter components 

prevent to achieve a certain duty ratio for converter operation for the related operating point 

through mathematical computation. Thus, a feedback control structure for practical converter 

operation depending on the actual and the reference output voltage values is obviously required 

for accurate converter operation [7]. 

 

The researchers have studied the control of the DC-DC buck-boost converter on many different 

controllers. The controller processes the error between the converter reference and the real output 
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voltage and eliminates the error by generating the necessary duty cycle. The conventional PI and 

PID controllers are generally used to control DC-DC buck-boost converters [8, 9]. Modern 

control techniques such as the Sliding Mode Controller are also successfully applied to many 

studies, where the PI and PID controllers are not sufficient for the required converter responses 

[10]. The designs of these mentioned controllers are achieved through the mathematical models 

for the defined converter operating points. So, any change of the converter system parameters 

forces the change of the mathematical model of the converter. As the mathematical model of the 

converter is changed, it is impossible to achieve the same performance of the system response by 

the designed controller parameters obtained for the previous converter operating point. This 

statement is valid for classical and modern designs. A non-adaptive controller has to be designed 

especially for one working point, but must be able to control the system in a precise and stable 

way and within a time restriction for the whole area of working points where the converter is 

planned to work.  

 

A major pitfall in controlling the buck-boost converter (and also in the fly-back converter which 

is a buck-boost with the possibility to get an isolation between input and output) is its right-side 

zero. Different ways were used to improve the control [11, 12]. 

 

In this study, a novel DC-DC buck-boost converter control strategy based on the PI controller and 

an open-loop control law is proposed. In this control structure, the operating duty ratio for the 

converter is achieved by the PI controller and the proposed open-loop control law. The open-loop 

control law supports the PI controller to eliminate the converter operating error in a fast and 

efficient manner. Thus, the open-loop control law accelerates the system response. So, the control 

law prevents the requirement of changing the determined controller parameters for various 

converter operating points. The control law is the switching duty ratio depending on the converter 

input voltage and the reference output voltage and has an algebraic structure. So, the control law 

can be achieved easily and fast. Thus, it does not cause additional design challenges and 

complexity. Simulation studies have been done for the proposed control approach for the DC-DC 

buck-boost converter in MATLAB-Simulink environment. The obtained simulation results for 

different operating points have proved that the proposed control structure based on the open-loop 

control law allows a robust and efficient DC-DC buck-boost converter operation. 

 

 

2. Design of the Proposed Converter Control Structure 

 

2.1. The open-loop control law 

 

The DC-DC buck-boost converter topology is given in Fig. 1 [13]. In Fig. 1, ( )iV t , ( )oV t , S , D , 

L  and C  represent the input direct voltage, the output direct voltage, the switch that is one way 

conductive and capable of being turned on and turned off, the diode, the inductor, and the 

capacitor, respectively. 
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Figure 1. The topology of the DC-DC buck-boost converter 

 

An IGBT device is used as switch S  in this study. The DC-DC buck-boost converter circuit 

using a controllable IGBT as switching device is demonstrated in Fig. 2. In Fig. 2, ( )oI t , ( )LI t  

and ( )CI t  represent load current, inductor current, and capacitor current, respectively. 
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Figure 2. The DC-DC buck-boost converter circuit using IGBT as switching device 

 

The operation of the DC-DC buck-boost converter can be clarified by the converter circuit given 

in Fig. 2. When S  is turned on, diode D  is off because of reverse biasing. In this case, converter 

input voltage supplies the inductor, thus the inductor is energized. When S  is turned off, the 

diode is forward biased and turned on. In this case, the energized inductor supplies both the 

capacitor and the load. Thus, a voltage value lower or higher than the input voltage value is 

obtained at the output of the converter depending on the switching duty ratio of S  [14]. By 

assuming the continuous current mode (CCM) and ideal converter components, the relation 

between the converter input and output voltages can be given as [15]: 

 

( )
( ) ( ),

1 ( )
o i

d t
V t V t

d t



                                                                                                                   (1) 

 

where ( )d t  determines the PWM switching duty ratio of S . It is defined as the ratio of the turn-

on time of S  to the switching period of S : 

 

( ) .ont
d t

T
                                                                                                                                       (2) 

 

The open-loop duty ratio that provides the converter operation can be achieved through (1) 

considering the mentioned ideal conditions above. Thus, the open-loop duty ratio, which is used 

as control law and can be given as: 
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( )

r
CL

r i

V
d t

V V t
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
                                                                                                                          (3) 

 

where rV  is the reference value of the desired converter output direct voltage. 

 

2.2. The proposed closed-loop converter control structure 

 

Because of the unideal reasons mentioned before, the derived open-loop control law is not 

enough to achieve the required converter output voltage value in practice. Because of the non-

ideal converter components and discontinuous inductor current situation caused by different load 

values, the duty ratio of the converter providing the required output voltage is different from the 

duty ratio obtained by the open-loop control law. So, the real converter duty ratio that eliminates 

the error between the reference and real output voltage must be obtained from the closed-loop 

controller. For this aim, the PI controller is chosen in this study. The proposed control structure 

for the control of the DC-DC buck-boost converter is given in Fig. 3. 

 

+

_

Vi

_

Vo

DC-DC 

Buck-Boost 

Converter

+

Control 

LawVr

PWM 

Generator

PI 

Controller

+
_

+

+

Load(t) (t)

Io(t)

dCL(t)

dPI(t)

d(t)

 
Figure 3. The proposed closed-loop control structure for the DC-DC buck-boost converter 

 

As can be seen from Fig. 3, the PI controller produces a feedback duty ratio ( )PId t  from the error 

between the reference and actual converter output voltages. The open-loop duty ratio ( )CLd t given 

in (3) supports the feedback duty ratio ( )PId t  achieved by the PI controller. Thus, the effective 

duty ratio ( )d t  for accurate converter operation is produced by 

 

( ) ( ) ( ).CL PId t d t d t                                                                                                                       (4) 

 

As seen from Fig. 3, the PWM generator produces the control signal of the switch S  depending 

on the duty ratio derived by (4). 

 

2.3. Mathematical model of the converter for the PI controller 

 

The PI controller can be designed by the mathematical model of the converter circuit given in 
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Fig. 2. The mathematical model of the idealized converter (no loss mechanisms included) can be 

derived from the equivalent converter circuits given in Fig. 4. 
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Figure 4. Equivalent circuits of the converter: a) Switch S is on – mode I, b) Switch S is off – mode II 

 

The dynamic equations for mode I where S  is on in Fig. 4(a) can be given as: 

 

( )
( )L

i

dI t
L V t

dt
                                                                                                                                (5) 

 

( ) ( )
.o odV t V t

C
dt R

                                                                                                                           (6) 

 

The dynamic equations for mode II where S  is off in Fig. 4(b) can be written as: 

 

( )
( )L

o

dI t
L V t

dt
                                                                                                                               (7) 

 

( ) ( )
( ) .o o

L

dV t V t
C I t

dt R
                                                                                                                    (8) 

 

The state-space equations for mode I and mode II can be obtained from (5)-(8) respectively as: 

 

( ) ( )0 0 1/
( )

( ) ( )0 1/ 0

L L

i

o o

I t I t Ld
V t

V t V tRCdt

      
       

      
                                                                                (9) 
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and the average state-space model of the DC-DC buck-boost converter can be derived from (9) 

and (10) as: 

 

( ) ( )0 (1 ) / /
( ).

( ) ( )(1 ) / 1/ 0

L L

i

o o

I t I td L d Ld
V t

V t V td C RCdt

       
       

       
                                                           (11) 

 

The closed-loop control block diagram of the system is shown in Fig. 5 according to the closed-

loop control structure given in Fig. 3. 
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Figure 5. The closed-loop control block diagram of the system 

 

The transfer function between ( )oV s  and ( )d s  can be obtained from Fig. 5 and (11) (the working 

point values are marked with an index W) as: 

 

 

 

  

 
2

2

1

11

oW iW WLW

o

W

V V dI
sV s C LC

d s d
s s

RC LC

 
 




 

                                                                                           (12) 

 

The converter transfer function shows that the buck-boost converter is a non-phase-minimum 

system. Therefore, we have an additional phase shift due to the right half-plane zero. The model 

described by (12) is a linearized model, and therefore enables us to use the linear control theory. 

As seen in Fig. 5, the duty ratio of the control law ( )CLd s  has an effect upon the operation duty 

ratio ( )d s . By considering ( )CLd s  is zero (assuming there is no support from the control law), 

( )PId s  can be derived as: 

 

( ) ( ).PId s d s                                                                                                                                 (13) 

 

( )PIPWM s is the transfer function of the PWM stage between ( )PId s  and the PI control signal 

( )CV s  and can be given as: 

 
( ) 1

( ) .
( )

PI

C PWM

d s
PWM s

V s V
                                                                                                            (14) 
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Here, PWMV  is the amplitude of the ramp in the PWM conversion of the PI controller. The PWM 

stage can be interpreted as a proportional element. So the transfer function of the system, which 

the transfer function of the PI controller ( )PIG s  has to control, is the product of (12) and (14). 

 

The influence of the input voltage on the output voltage can be described by the disturbance 

model: 

 

 

 

 

 
2

2

1

11

W W

o

i W

d d

V s LC

V s d
s s

RC LC






 

                                                                                                       (15) 

 

A PI controller has a dynamic structure. So it requires a response time. But the proposed control 

law has a static behavior as seen from its algebraic structure. The control law produces a duty 

ratio value close to the necessary operation duty ratio simultaneously with the error change. Thus, 

the control law leads the PI controller to compensate the system from the duty ratio point 

obtained by the control law. So the control law accelerates the system response. After that, the PI 

controller takes over the task from the control law to eliminate the system error. One has to keep 

in mind, however, that a too fast change in the duty cycle leads to an overshot in the current (and 

also in the voltage) and has therefore be omitted. This can be done similar to the soft-start of the 

system. 

 

 

3. Simulation Results 

 

The proposed control approach for the DC-DC buck-boost converter has been tested in 

MATLAB-Simulink environment for different system operating conditions. The obtained 

simulation results for the proposed approach are given with the results of the conventional PI 

controller based converter to show the accuracy and the efficiency of the proposed control 

approach for the DC-DC buck-boost converter operation. The comparison studies have been done 

for three different operation conditions: changing the reference output direct voltage, changing 

the input direct voltage and changing the load. 

 

The switching frequency is chosen as 20 kHz for the simulation studies. The capacitance value of 

the capacitor and the inductance value of the inductor the in the converter circuit are determined 

as C=330μF  and L=50μH , respectively. The parameters of the PI controller are kept constant for 

all operation conditions. The analog PI constants determined for an operating point are used as 

PK =1.2  and 
IK =0.053. 

 

For the first case, the reference output voltage is changed during the DC-DC buck-boost 

converter operation. The converter input voltage and the load values are kept constant. The input 

voltage and the load values are 
iV =30V  and R=20 , respectively. The reference output voltage 
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is decreased from 
rV =40V  to 

rV =25V . The comparative results of the proposed approach and 

the conventional PI controller based converter operation for case 1 are given together in Fig. 6. 

 

 
Figure 6. The comparative converter operation results for the change of the reference output direct voltage 

 

Fig. 6 shows that the converter controlled by the proposed approach, where the proposed control 

law supports the PI control reaches the new reference output voltage faster than the converter 

controlled by the conventional PI controller. On the other hand, the proposed control approach 

prevents the overshot where the conventional method can not. 

 

For case 2, the converter input voltage is changed during the reference output voltage and the 

load values are kept constant. The reference output voltage and the load values are 
rV =30V  and 

R=20 , respectively. The input voltage is changed from 
iV =20V  to 

iV =35V . The comparative 

results of the proposed approach and the conventional PI controller based converter operation for 

case 2 are given together in Fig. 7. 

 

 
Figure 7. The comparative converter operation results for the change of the input direct voltage 

 

Fig. 7 shows that the sudden rise of the input voltage affects the increase of the output voltages of 

both of the two converters. But it is clear that the proposed approach provides the converter 

output voltage to reach the reference value with less overshot in a less response time. 

 

In case 3, the load is forced to change during the converter operation, while the reference output 

voltage and the input voltage of the converter are kept constant. The reference output voltage and 

the input voltage values are 
rV =30V  and 

iV =45V , respectively. The load is decreased from 

R=20  to R=30 . The comparative results of the proposed approach and the conventional PI 

controller based converter operation for case 3 are given together in Fig. 8. 
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Figure 8. The comparative converter operation results for the change of the load 

 

It is clear from Fig. 8 that the sudden increase in the load value affects the decrease of the output 

voltage in both of the two converter operations. At the beginning of the load change, the 

converters output voltages increase. After that, the output voltages decrease immediately. The 

proposed control structure based on control law provides the converter output voltage to return to 

the reference value with less overshot in a less response time. 

 

The results for three different operation cases show that the proposed control law approach 

improves the DC-DC buck-boost converter operation efficiently through supporting the closed-

loop PI controller structure. So a higher quality of the converter output voltage is achieved in 

comparison with the conventional PI controller based system. 

 

 

4. Conclusions 

 

In this study, contrary to the control structure based on the conventional PI controller, an 

improved control structure based on open-loop control law that supports the PI controller is 

proposed for the control of the DC-DC buck-boost converter. The proposed control law is 

obtained as an algebraic one depending on the reference output voltage and the input voltage of 

the converter. So it supports the PI controller and thus a better quality of the converter operation 

for different operation parameters of the PI controller is achieved. The obtained comparative 

simulation results have shown that the proposed approach has improved the converter operation. 
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