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Abstract: This paper first presents open loop behavior of buck boost and cuk dc-dc converter operated under Continuous conduction 
mode (CCM). This is achieved withthe help of state equations and MATLAB/SIMULINK tool for simulation of those state equations. 
Using the knowledge of open loop converter behavior, a closed loop converter is designed. DC-DC converter will be designed for specific 
line and load conditions. But in practice there is deviation of the circuit operation from the desired nominal behavior due to changes in 
the source, load and circuit parameters. So we need to design a proper controller or compensator to overcome this situation of the circuit 
operation. This paper presents PID controller designed such that any input variations produces a constant output voltage.  
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1. Introduction 
 
Controller design for any system needs knowledge about 
system behavior. This involves a mathematical relation 
between inputs to the system, state variables, and output 
called modeling of the system. This study aims at 
development of the models for buck boost and cuk converters 
and studying its open loop response, so these models can be 
directly used in case of close loop system. Then PID 
controller is used to form closed loop converter. The State 
variable approach is a power technique for analysis of 
switching converters. The state model of a system consists of 
the state equation and output equation.  
 
1.1 Modeling Construction 
 
The steps to obtain a state space modeling and simulation of 
Model Construction of DC-DC Switching power electronic 
converters are  
1) Determine the state variables in the power converter e.g. 

inductor current and capacitor voltage.  
2) Determine the modes of operation governing the states of 

the power semiconductors (Switch ON & OFF states) 
3) Assume the main operating modes of the converter 

(continuous or discontinuous conduction)  
4) Apply Kirchhoff's laws and combine together to form 

state-space model 
5) Implement the derived equations with "SIMULINK" 

blocks (open loop system simulation is then possible to 
check the obtained model). 

6) Design a proper controller or compensator to overcome 
the deviation of the circuit operation from the desired 
nominal behavior. 

 
2. Buck Boost Converter 

 
Fig. 1 shows DC-DC buck-boost converter with switching period 
T and the dutycycle D. Consider continuous conduction mode of 
operation, when the switch is ON and OFF, the state space 
equations are as follows 

 
Figure 1: Buck Boost converter 

 
When switch is ON: 
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When switch is OFF: 
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These equations are implemented in Simulink as shown in 
Fig. 3 to obtain the states ( )Li t  and ( )Cv t  
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Figure 2: Open loop modelling of buck boost converter 
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3. Cuk dc-dc converter 
 
Fig 3. shows the Cuk converter with switching period T and 
duty cycle D. During the continuous conduction mode of 
operation, the state space equations are as follows,  

 
Figure 3: Cuk converter 
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 When Switch is OFF: 
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 These equations are implemented in simulink in order to 
obtain ������,������, ������, ������ 

 

�
�
�
�
�
�
��� ���
�����
��� ���
������

�

�
�
�
�
�
�

� �

0
0

�′/�1
0

 

0
0

���/�1
1/�2

 

��′/�1
��/�2

0
0

 

0
�1/�2

0
�1/��2

�

�
�
�
�
�
�
�����

 
�����
�����

 
������

�
�
�
�
�

�

�
�
�
�
�
1

�1�
 
0
0
0 �

�
�
�
�

������ 

 

 
Figure 4: Open loop modelling of cuk converter 

 
Design consideration of Buck Boost converter 
 Vg=12, Vo= -24, fs=25KZ, ∆v=0.5%,∆� � 10%��� 
L=586µH, C=660µF, ���4Ω 
  
Design consideration of cuk converter 
Vg=12, Vo= 24, fs=25KZ, L1=180µH, L2=150µH 
C1=200µF, C2=220µF, ��=4Ω 
 

 
Figure 5: Subsystem of open loop Buck Boost converter 

 

 
Figure 6: Subsystem of open loop cuk converter 
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4. Proportional Integral Derivatives 
 
A PID controller is feedback loop controlling mechanism. A 
PID controller corrects the error between a measured process 
value and a desired set point by calculating and then a 
corrective action adjust the process as per the requirement . 

 
The PID controller calculation involves three separate 
parameters, The Proportional value(P) determines the 
reaction to the current error, the Integral(I) determines the 
reaction based on the sum of recent errors and the Derivative 
(D) determines the reaction to the rate at which the error has 
been changing. The weighted sum of these three actions is 
used to adjust the process via a control element. By "tuning" 
the three constants in the PID controller the PID can provide 
control action designed for specific requirements. DC 
converters are modeled using state space analysis which 
directly determines state variables like inductor current and 
capacitor voltage. Requirement is to obtain a constant output 
voltage for input disturbance and this can be achieved by 
directly tuning the I value. 

 
Table1: Effects of increasing parameters 

parameter Rise time Overshoot Settling time S.S error 
Kp Decrease Increase Small change Decrease 
Ki Decrease Increase Increase Eliminate 
Kd Small change Decrease Decrease None 

 
5. Ziegler-Nichols Method 
 
John G. Ziegler and Nathaniel B. Nichols introduced Ziegler-
Nichols method. In this method, the I and D gains are first set 
to zero. The "P" gain is increased until it reaches the "critical 
gain (Kc)” at which the output of the loop starts to oscillate. 
Kc and Pc (oscillation period) are used to set the gains as 
shown 
 

Table 2: Ziegler-nichols method 
Control type Kp Ki Kd 

P 0.5.kc - - 
PI 0.45.kc 1.2kp/pc - 

PID 0.6.Kc 2Kp/pc Kp.pc/8 
 

 
Figure 7: Closed loop buck boost converter with PID 

controller  

 
Figure 8: Closed loop Cuk converter with PID controller 

 
6. Results 

 

  
Figure 9:Results of open loop buck boost converter 

 

  
Figure 10: Results of open loop Cuk converter 

 

 
Figure 11: closed loop buck boost converter with PID 

Controller 
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Figure 12: Results of closed loop Cuk converter with PID 

controller 
 

7. Conclusion 
 
This paper presents the state-space model implementation of 
buck-boost and Cuk converters. Result obtained from both 
the converter provides the dynamic behaviour in open loop. 
DC-DC converter will be designed for specific line and load 
conditions. But in practice due to changes in the source, load 
and circuit parameters ,there is deviation of the circuit 
operation from the desired nominal behavior. To overcome 
this problem a proper controller or compensator needs to be 
designed. Hence PID controller is designed and modelled for 
(1-36V) input variation to get constant output 24V, such that 
non linearity and un-stability of power converters can be 
improved. 
 
8. Future Work 
 
The Future work of this paper is design a closed loop PID 
controller for both buck boost and cuk converter using 
systematic ziegler-nichols method and a comparative study 
of buck boost and cuk converter can be performed. 
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