
 

M

Options for the future

Auditorium of the University Carlos III de Madrid

http://electrica.uc3m.es/mixgenera/

 

 

The Energy 
 

 

ISBN:  978

 

Chairs:  Edgardo D. 

Víctor Hernández Jiménez

Fernando Soto Martos

Julio Usaola García

 

Secretary:  Ignacio A. Calle

 

 
More information:  ecastron@ing.uc3m.es

 

 

 

Support: 

 

 

 
 

 

 

MIXGENERA 2011 

Options for the future 

November 17, 2011.  

Auditorium of the University Carlos III de Madrid
Leganés, Madrid, Spain. 

http://electrica.uc3m.es/mixgenera/  
 

Energy Mix at the years 2020 y 2030

978-84-614-9978-6 

Edgardo D. Castronuovo 

Víctor Hernández Jiménez 

Fernando Soto Martos 

Julio Usaola García 

Ignacio A. Calle 

ecastron@ing.uc3m.es 

 
   

 

Auditorium of the University Carlos III de Madrid 

2020 y 2030 

 



MIXGENERA 2011 – November 17, 2011 – Leganés, Madrid, Spain - http://electrica.uc3m.es/mixgenera/ 1 

  

 
Abstract: In this paper, a novel approach for designing current 

controller in buck/boost DC to DC converter is proposed which is 

based on adaptive backstepping. This method is based on more 

accurate modeling of converter considering effect of circuit 

parasitic elements, better modeling of semiconductor switches and 

accounting equivalent series resistance of inductor. Also, during 

controller design process, load resistance assumed to be uncertain 

and an appropriate estimate of these parameters is done by 

choosing a suitable Lyapunov function. Simulation results clearly 

show that designed controller has zero steady-state error and fast 

dynamic response. Moreover it can stabilize the converter during 

wide variation of load resistance. 
Index Terms—DC to DC converter, Nonlinear and Adaptive 

control, more accurate modeling 

 

I. INTRODUCTION 

DC to DC converters is widely used in renewable energy 

sources, industrial applications such as DC electric motors, 

computer systems and communication equipment [1]-[4]. 

According to the non-linear and time-variant nature of these 

converters, using linear control techniques is based on model 

linearization. Such model can describe converter’s behavior 

around the operation point properly. However, despite of 

feedback design simplicity in linear control, it’s not possible to 

control the system in wider range. Also presence of large 

disturbances might have a bad effect on response, even might 

cause instability [5]. Various non-linear controllers have been 

proposed to solve this problem. For example sliding mode 

controller, input/output feedback linearization, passivity based 

controller and adaptive backstepping [6]-[10]. 

Adaptive backstepping is presented by P.V.Kokotovic and 

his colleague in 1992 [10], and is successfully used in lots of 
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non-linear systems, such as electric motors, auto-pilot, 

submarine, etc. [12]-[14]. This method is based on systematic 

and recursive design in feedback control of various systems. 

The most important capability of this technique is its capability 

to estimating uncertain parameters existing in system’s model. 

According to the presence of such uncertain parameters in DC 

to DC converters, using adaptive backstepping method for 

controlling these converters has been taken into consideration 

in recent years [15]-[19]. 

Most of the papers presented in this field are on application 

of adaptive backstepping controller in buck DC to DC 

converters. For instance in [15] and [16] this control method is 

applied in a way that the controller can estimate load 

resistance. In [17] it is mentioned that more accurate system 

model can improve response of backstepping controller 

significantly.  For this reason effect of Equivalent Series 

Resistance (ESR) of inductor is considered. However other 

parasitic elements such as power switch’s conduction loss has 

not been considered. 

Boost and buck/boost DC to DC converters are more 

affected by parasitic elements compared with buck converters. 

This is shown in figure (1). It’s obvious that consideration of 

these parasitic elements during modeling of buck/boost DC to 

DC converter can improve the designed controller’s response. 

However this subject is not mentioned in any of the previous 

papers. There are at least two main problems in applying 

adaptive backstepping technique to buck/boost DC to DC 

converters, considering parasitic elements: 

A) Parasitic elements’ value is highly depended on 

operation point, ambient temperature, etc. and it is impossible 

to consider a fixed value for parasitic elements of power 

switches. 

B) Adding effect of these elements complicates 

converter’s state-space model and classic adaptive 

backstepping controller design – which is used in papers [15]-

[20] - is not applicable. 

In this paper a new method for applying adaptive backstepping 

controller in buck/boost DC to DC converter considering 

parasitic elements effect, is presented. It is shown that by 

proper modeling, it is possible to estimate converter’s parasitic 
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elements continuously and don’t assign constant value to these 

time variant elements. Also in designed equations, load 

resistance is assumed to be uncertain and the controller will 

estimate its variation.In second section buck/boost DC to DC 

converter state-space modeling, considering effect of energy 

dissipating elements is studied. In third section adaptive 

backstepping controller design is presented in details. Finally 

in order to investigate response of presented controller, 

buck/boost DC to DC converter is simulated by 

MATLAB/Simulink. 

II. CONTROLLER DESIGN 

From historical view adaptive backstepping controller has 

been presented by P.V.Koktovic and his colleague in early 

1990 [10]. At first this method was usable only in systems 

which their state equations form was PPF: Parametric pure 

form, but gradually devdeloped for PSF: Parametric Strict 

Form too [12]. Right now this method is usable in broad 

category which is given relatively comprehensive in 

[13].Considering that converters load resistance and Rloss are 

uncertain, converter’s state space model– which is expressed 

by equation (6) – are rewritten as below: 

[          (9-a) 

[                           (9-b) 

 
If we consider the capacitor’s voltage as an output, the 

resulted system would have non-minimum phase nature and 

for this reason adaptive backstepping control method cannot 

be applied [19]. This problem is easily solved by considering 

the inductor’s current as an output.We know that controller 

design purpose is calculation of control input in a way that 

inductor’s current become equivalent to reference current: 

 
Step one: according to controlling purpose and above 

equation, first error variable z2 is defined as below: 

 (10) 

By replacing the equation (9-A) in (10), we have: 

 (10-A) 

  (10-B) 

  (10-C) 

Since 1q is uncertain in these equations, it is possible to 

rewrite (10-A) assuming 1q  as an estimated value for this 

parameter: 

     (11) 

Now if we choose Lyapunov function as below: 

      (12) 

 is a positive coefficient and is called parameter adaption 

gain. The reason of this naming will be clarified in next steps. 

Time derivative of Lyapunov function is expressed as below: 

 (13) 

With replacing (11) in (13), we have: 

 (14) 

We know that, the time derivative of Lyapunov function must 

be negative in order to have a stable designed, this could 

happen if: 

     (14-A) 

       (14-B) 

Which, in equation (14-A),  is a constant and positive 

coefficient. 

Step two: generally equation (14-A) might not be correct, 

and the difference between two sides of this equation could be 

defined as below: 

   (15) 

By replacing equations (10),(10-B) and (10-c) in equation (15) 

we will have: 

(16) 

Time derivative of z2 is expressed as below. It worth noting 

that while simplifying the following equation, time derivatives 

of variables x1 and x2 are replaced from equations (9-A) and 

(9-B): 

 

 

 
 (17) 

We can simplify this equation as below: 

 (18-A) 

 (18-B) 

 (18-C) 

 

 
  

We rewrite the time derivative of z2 by using equation (18-A) 

as below: 

 19 

In equation above 2q  is estimated value for 1q . Now in this 

step we should choose Lyapunov function: 

 

(20) 

It’s time derivative is: 
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 (21) 

By considering equations (11) and (15) simultaneously, time 

derivative of z1 can be written as below: 

 (22) 

By replacing 1z 1z and 2z 2z respectively from equations (19) and 

(22) in time derivative of Lyapunov function (equation (21)) 

and considering equations (10-B), (18-B) and (18-D), we 

have: 

 

 
                     

                                             

                            

                           

        

                (23) 

In the above equation if we assume that the coefficient of 

z2equals to –c2z2 and also assume that the coefficients of 

 and  is zero: 

 (24) 

In the above equations c2 is a constant and positive coefficient. 

It can be seen that if , equation (24) is always 

negative and stability of the system is guaranteed.Buck/boost 

DC to DC converter’s control input is obtained by assuming 

that coefficient of z2is equals to –c2z2 in equation (23): 

   (25) 

Similarly, if we consider that the coefficient of the expressions 

 and  is zero in (23), we can obtain 

estimation rules for uncertain parameters. During 

simplification, equations (10-B), (18-B) and (18-C) are used. 

 (26-A) 

 (26-B) 

Briefly, presented control system which is modeled based on 

equations (9-A) and (9-B), according to resulted control law 

(equation 25) and estimation rules ((26-A) and (26-B)) is 

stable because time derivative of Lyapunov function is 

negative. 

 

III. SIMULATION RESULTS 

In this part buck/boost DC to DC converter based on proposed 

adaptive backstepping controller is simulated by 

MATLAB/Simulink. General block diagram of the system is 

shown in figure (2). Also simulation parameters and other used 

elements are summarized in table (1).Choosing these 

parameters is relatively straightforward and is given in details 

in [1]. The response of designed controller to step reference is 

shown in figure (3). It obvious that this method has fast 

dynamic response and also has zero steady-state error.The 

response of the controller to load variation is given in figure 

(4). It’s obvious that adaptive controller is completely robust. 

 
Table (1): simulation parameters 

 
fs=20e3; 

c1=44000*0.25; 
c2=25000*0.25; 

C=200e-6; 
L=10000e-6; 

R=10; 
RLOSS=0.2; 
teta1=RLOSS 

teta2=1/R 
Vin=10; 

gamma11=1e-7; 
gamma22=1e-7; 

 
Figure (1): parasitic elements effect in buck/boost DC to DC converter (  : 

average of output voltage,  : average of input voltage and  : duty cycle of 

power switch) 

  

 
Figure (2) general block diagram of the adaptive backstepping controller in 

buck/boost DC to DC converter 
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IV. CONCLUSION 

A novel adaptive backstepping controller based on accurate 

averaged state-space model is proposed for buck/boost DC to 

DC converter to regulate the inductor current. In the design 

procedure load resistance and all od the parasitic elements 

assumed to be uncertain. Finally in order to verify accuracy of 

the proposed controller, buck/boost converter is simulated 

based on the designed controller via MATLAB/Simulink. 

Results clearly show that, in spite of large variations of load, 

the controller has good steady-state and dynamic response.  
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Figure (3): The response of designed controller to step reference 

 

 

 
Figure (6): The response of designed controller to load variation 

 


