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Abstract – This paper aims at designing an intelligent controller, based on control Lyapunov 
Function strategy integrated with fabricating discrete model of Buck and Boost converters and 
analyzing energy changes during the DC/DC progress to realize tracing reference current on Buck and 
Boost converters. In addition, practical stability phenomenon research and transient performance 
analysis has been proposed to give an insight to the influence of controller parameters in achieving an 
enhanced output performance and how the time of sample period affect the error of practical stability 
will be illustrated. The novelty of this controller in comparison to other schemes lies in the improved 
performance of practical stability. 
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1. Introduction 
 
In recent years, DC/DC converters are widely used in 

automotive, electronics, electrical appliances, aerospace, 
new energy, IT and medical facilities, especially in 
renewable system. Improving the stability and proficiency 
of DC/DC converters can accelerate the development of 
photovoltaic and wind energy, which has been widely 
studied around the world [1]. By matching the voltage 
between various energy sources, most applications require 
DC/DC converters in order to achieve energy output and 
recovery [2]. Nowadays, by the development of power 
electronics and microelectronics, the market demands 
strict limits on their size and weight, together with high 
performance and efficiency, so DC/DC converters must 
update constantly, and their control strategies also need 
to advance all the time, especially in their tracking 
performances and robustness. Searching for adequate 
control mechanism for Buck and Boost converters has 
drawn attention of the research community in order to 
gain more insight into the aspects of controller design and 
stability issues, thereby contributing to the improvements 
in transient and steady state behavior under the influence of 
different disturbances.  

Conventional proportional-integral-derivative (PID) 
controllers which involves linearizing the converter around 
a specific operating point [3], and finding the gain 
parameters of the controller based on the concepts of linear 
control theory are still one of the most commonly used 
control methods for converters by far. Paper [4] has used 

integral method, which has been widely used in studying 
stability research in DC/DC converters, to investigate the 
steady state performance. However, this method need to 
set the time of differential and integral periods based on 
average tracing current and construct average mathematic 
models, so the PID control systems suffer from the 
limitations of slow compensator and hysteresis, which lead 
to poor dynamic performances of converters in most 
cases. In other words, PID control method cannot ensure 
robustness over a wide range of operating points [5]. 
Sliding mode control(SMC) [6-8] which is another method 
widely used in converters, is a kind of non-linear strategy 
which gained popularity due to its immunity towards 
parameters uncertainties, its simple structure and dis-
continuous switching control signals which makes it a 
good choice for applications in power converters. However, 
when the converter is subjected to a wide range of 
mismatched uncertainties, the SMC method cannot assure 
robustness of converters. Back stepping control [9] is 
another important non-linear control technique applicable 
to systems in the strict feedback form. The features include 
a systematic framework for the controller design, ease of 
understanding and implementation and can successfully 
reject both linearly parameterized matched and mismatched 
uncertainties. However, since the computation of the 
control signal demands the exact knowledge of system 
parameters at any instant of time, which may not be 
available, hence it is not an attractive choice for control 
applications. In [10] fuzzy control with integral action for 
pulse width modulation (PWM) DC/DC converter is 
presented, which is a novel control method for converters 
based on intelligence algorithms. Such methods are 
found to exhibit near satisfactory transient and steady 
state performance. Besides, using fuzzy control and other 
intelligence methods can reduce the calculation in some 
respects. However, this area is still under investigation for 
further improvements as regards to the control dynamics. 
In addition, some researches concentrate on stability 
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studies of sophisticated converters models lately including 
buck-boost models, Cuk models, combination of traditional 
converters and so on. Paper [11] has shown steady research 
on Quasi-Cuk DC/DC converter with reduced voltage 
stress on capacitor. 

The objective of this paper is to design an intelligent 
controller, based on control Lyapunov Function strategy 
integrated with fabricating discrete model of Buck and 
Boost converters and analyzing energy changes during the 
DC/DC progress to realize tracing reference current on 
Buck and Boost converters. In addition, practical stability 
phenomena research and transient performance analysis 
has been proposed to give an insight to the influence of 
controller parameters in achieving an enhanced output 
performance and how the time of sample period affect the 
error of practical stability will be illustrated. The novelty of 
this controller in comparison to other schemes lies in the 
improved performance of practical stability. Further an 
attempt to utilize discrete energy function to fabricate the 
3D field of the differential of control Lyapunov Function 
has also been made in order to analysis the tracing progress 
which highlights the significant merit in the proposed 
control method. 

  
 

2. Model Description for Buck Converter 
 
Fig. 1 shows a typical model for DC/DC Buck converter 

circuit, where Li  and cv  represent the inductor current 
and the output capacitor voltage respectively, R is the load 
resistance of the circuit, and U is a DC input voltage source. 
The system model for DC/DC Buck converter can be 
written as follows: 

 

 

1 ( )

1 ( )

L
c

c c
L

di U v
dt L
dv v

i
dt C R

ì = -ïï
í
ï = -
ïî

(Switch T is on)  (1) 
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(Switch T is off)  (2) 

Integrating formula 1 and 2 and introducing S to 
represent the state of switch (S=1 or 0 represents that 
switch T is on or off respectively), the switching model of 
Buck converter can be expressed as follow: 
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Where S has finite input 0 or 1. The observer model is 

designed by copying the switch model and introducing 
symbol * to represent observational parameters of model 
for acquiring values of Li and cv : 
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Making a subtraction between 3 and 4. Meanwhile, in 

order to show the functions more directly and clearly, this 
paper use 1x to represent Li and 2x to represent cv . The error 
model of DC/DC Buck converter circuit can be expressed 
as follow: 
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where ° 11 1x x x *= - , °2 2 2x x x *= - , * *{0 ,1 }S S S S*- Î - -  

and [0,1]S * Î . 

Selecting positive function ° °2 2

1 2
1 1
2 2

V Lx C x= +  as 

Lyapunov Function for continuous states, the derivative of 
V can demonstrate as follow: 

 

° ° ° ° ° ° °
2

2 2
2 1 2 1 1[ ( ) ] ( ) ( )

x xV U S S x x x x U S S x
R R

* *= - - + - = - -&  

 
As long as designing a control strategy to make S S *-  

and °1x have opposite sign at any time, 0V £& will be 
accomplished. Selecting appropriate input state (S=1 or 0), 
demands have been mentioned above can be accomplished 
easily. 

Taking control period is limited into consideration, 
discrete model will be accomplished by using 
discretization method for formula 5. Introducing °S to 
represent S S *- ; ( )1k + and ( )k  represent the time of 

1k +  and k respectively and sT represents the sample 
time. Discretization of formula 5 can be express as follow: 

 
Fig. 1. a typical model for DC/DC Buck converter circuit 
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Utilizing function ( ) ° ( ) ° ( )
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to describe the process of stabilization.  
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Function 7 is sophisticated, however, the polynomial 
° ( ) ° ( )1sT U S k x k could be controlled negatively by selecting 

the state of S S *- and °1x have opposite sign at any time. 
Besides, if we make sT is short enough, polynomial 

° ( ) ° ( ) ° ( )
° ( )

2
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2 12 2
s s x kT T
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L C R

é ù
é ù- + -ê úë û ê úë û

could not 

affect the negative of function intensely. Thus, if we select 
suitable sample time, the negative of discrete Lyapunov 
Function can be realized by controlling the switch in Buck 
converter. However, switch state cannot change during one 
control period which leads to the state of 0VD >  may 
maintain in a very short time less than the time of one 
period if the ideal moment of changing switch state occurs 
during the control period. It means stability area has 
replaced the stable point as the ideal control targets based 
on practical stability control strategy. 

In order to investigate the practical stability under the 
control strategy of 0VD < , this paper researched on the 
cross section under 0VD =  in Fig. 2. 

 

 
Fig. 2. 0VD = plane under situations of 1 0S or=  

Defining 1V fD =  when 0S = and 2V fD = when 1S = . 
On the left of line 1f , 1 0f > ; On the right of line 1f , 1 0f < . 
Similarly, On the right of line 2f , 2 >0f ; On the left of 
line 2f , 2 0f < . Supposing the max energy of 0VD =  
encircles the area W equals EW  and the max changes of 
energy during one control period is TED , so the max 
energy of work situation after the first entering into the 
area W  is TE EW + D . In other words, we can find an area 
Q  determined by TE EW + D  where the work situation 
cannot escape from when entering this area. If increasing 
the value of control frequency, the size of Q  can be 
decreased; and if the control frequency is limitless, these 
states will be as same as the states under continuous 
control to accomplish asymptotic stability which is the 
same as the conclusion under continuous researches.  

 
 

3. Model Description for Boost Converter 
 
Discrete model designing for Boost converter is similar 

to the Buck converter, except for the next two points: 1. 
The relation between states of switch and energy of circuit 
is different from Buck converter; 2. Nonlinear product term 
will influence the size of uncontrollable area. Fig. 3 shows 
a typical DC/DC Boost converter circuit, where Li  is the 
inductor current, and cv represents the output capacitor 
voltage. R is the load resistance of the circuit, and U is a dc 
input voltage source. The system model for DC/DC Boost 
converter can be written as follows: 

 

1L

c c

di U
dt L
dv v
dt CR

ì =ïï
í
ï = -
ïî

 (Switch T is on)       (8) 
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dv v

i
dt C R

ì = -ïï
í
ï = -
ïî

 (Switch T is off) (9) 

 
Integrating formula 8 and 9 and introducing S to 

represent the state of switch (D=1or 0 represents that 
switch is on or off respectively), the switch model of Boost 
converter is able to express as follow: 

 
Fig. 3. a typical DC/DC Boost converter circuit 
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where D has finite input 0 or 1. The observer model is 
designed by copying the switch model and introducing 
symbol * to represent observational parameters of model 
for acquiring the Li  and cv . 
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Making a subtraction between 3 and 4. Meanwhile, in 

order to show the functions more directly and clearly, 
this paper use 1x  and 2x  to represent Li  and cv  
respectively.  
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where ° 11 1x x x *= - , °2 2 2x x x *= - , * *{0 ,1 }S S S S*- Î - -  
and [0,1]S * Î . 

Selecting positive function ° °2 2

1 2
1 1
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continuous Lyapunov Function, the derivative of V can 
demonstrate as follow: 
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For S S *-  is nonpositive or nonnegative at any time, 

as long as designing a control strategy to make S S *-  and 
° °* *

1 2 2 1x x x x- +  have opposite sign or the product of them is 
zero at any time, 0V £& will be accomplished. 

Introducing °S to represent S S *- ; ( )1k + and (k) 
represent the time of 1k + and k respectively and sT  
represents the sample time. Discretization of formula 5 can 
be express as follow: 
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Utilizing function ( ) ° ( ) ° ( )
2 2
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V k Lx k C x ké ù é ù= +ë û ë û  

to describe the process of stabilization.  
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Fig. 4 shows the 0VD =  states under discreate control 

based on control Lyapunov Function. 
Defining 1V fD =  when 0S =  and 2V fD =  when 

1S = . On the left of line 1f , 1 0f > ; On the right of line 
1f , 1 0f < . Similarly, On the right of line 2f , 2 >0f ; On the 

left of line 2f , 2 0f < . Supposing the max energy of 
0VD = encircles the area W equals EW  and the max 

changes of energy during one control period is TED , so the 
max energy of work situation after the first entering into 
the area W  is TE EW + D . In other words, we can find an 
area Q  which is similar to the buck converter control 
determined by TE EW + D  where the work situation cannot 
escape from when entering this area. 

 
 

4. Simulations and Experiments for Buck 
Converter 

 
Simulation parameters are listed in Table 1 
 

Table 1. Simulation parameters 

R(Ω) 20 
L(H) 0.05 
C(F) 0.002 
U(V) 5 

Control Frequency(kHz) 20 

 
Fig. 4. 0VD =  plane under situations of 1S =  or 0 
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Fig. 5. (1) 3-D diagram of 1V fD = ; (2) 3-D diagram 

of 2V fD =  
 

 
Fig. 6. Simulation of 0VD =  plane with the real states 

during the control process 
 
In Fig. 5 and Fig. 6, practical stability has been 

accomplished under the advanced control strategy and the 
real work situation cannot escape from an area when 
entering this area which is greater than the cross area 
slightly. 

According to former researches, switch state cannot 
change during one control period which leads to the state 
of 0VD >  may maintain in a very short time less than the 
time of one period if the ideal moment of changing switch 
state occurs during the control period. State 0VD >  
brings TED  and the length of 0VD <  time will influence 
the size of TED . Meanwhile,  

° ( ) ° ( ) ° ( )

° ( ) ° ( ) ° ( )
° ( )
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2 1

2
2 2

2 1

2 2
s

x k U S k x k R
T

x kR RU S k x k x k
L C R

-
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é ù
é ù- + -ê úë û ê úë û

 

when 0VD = ( 0VD = cannot cross the (0,0), so the 
denominator cannot equal to zero) according to function 
(7). It means control period has effects on the size of Ω 
area and EW . Supposing an error function by energy 
function as follow in order to investigate the relations 
between time of control period and the area of practical 
stability: 

 

 ° °2 2

1 2
1 1
2 2

J Lx C x= +  

 
Table 2 and Fig. 10 shows the relationships between max 

J when the line of real states passes through the lines of 
0VD =  back and forth constantly and the control 

frequency. As we have noticed, the error is negative 
correlation to the control frequency. And, more remarkable, 
if we improve the control strategy after 10kHz the error 
performance will improve little under these simulation 
parameters listed in Table 1. Thus, this paper selects 10kHz 
as control strategy is suitable and effective. 

Furthermore, this paper built CompactRIO 9073-FPGA 
experiments system to prove the control strategy for Buck 
converter as shown in Fig. 11. Table 3 demonstrates the 
experiments parameters and Fig. 12 and Fig. 13 shows the 
tracing results of control strategy. 

 
Fig. 7. Current tracing under the situations of =0.6S *  

and 0.15Li A* =  based on practical stability control 
strategy (unit of t-axis is s and unit of Li -axis is A) 

 

 

Fig. 8. Voltage tracing under the situations of =0.6S *  and 
0.15Li A* =  based on practical stability control 

strategy (unit of t-axis is s and unit of Li -axis is A) 
 

 
Fig. 9. Current tracing under the situations of =0.6S *  and 

0.15Li A* = except 1s to 1.5s ( 0.2Li A* = ) (unit of t-
axis is s and unit of Li -axis is A) 
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Table 2. Relations between time of control period and max 
offset between energy function and reference 
parameters 

kHz 10^-8J 
200 1.9999 
100 7.9995 
50 25.951 
40 38.871 
20 148.89 
10 591.47 

 
Table 3. Experiments parameters 

R(Ω) 4 
L(H) 0.003 
C(F) 0.00033 
U(V) 12 

Control Frequency(kHz) 20 
 

 
Fig. 10. Relations between time of control period and max 

offset between energy function and reference 
parameters 

 

 
Fig. 11. Experimental platform based on NI CompactRIO 

9073 FPGA 
 
 

5. Simulations and Experiments for Boost 
Converter 

 
Simulation parameters are listed in Table 4 

Table 4. Simulation parameters 

R(Ω) 20 
L(H) 0.004 
C(F) 0.002 
U(V) 5 

Control Frequency(kHz) 20 
 
 

 

Fig. 12. Current tracing under the situations 2 4cu Vto V* =  
based on practical stability control strategy (unit of 
t-axis is 0.00005s and unit of Li -axis is A) 

 

 

Fig. 13. Voltage tracing under the situations 2 4cu Vto V* =  
based on practical stability control strategy (unit of 
t-axis is 0.00005s and unit of cu -axis is V) 

 

 

Fig. 14. (1) 3-D diagram of 1V fD = ; (2) 3-D diagram 
of 2V fD = ; 
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Fig. 15. Simulation of 0VD = plane with the real states 

during the control process 
 

 
Fig.16. Current tracing under the situations 20cu V* =  

based on practical stability control strategy (unit of 
t-axis is s and unit of Li -axis is A) 

 

 

Fig.17. Voltage tracing under the situations 20cu V* =  
based on practical stability control strategy (unit of 
t-axis is s and unit of Li -axis is A) 

 

 
Fig. 18. Current tracing under the situations of 20cu V* =  

except 1s to 1.5s ( 25cu V* = )(unit of t-axis is s 
and unit of Li -axis is A) 

 
In Fig. 14 and Fig. 15, practical stability has been 

accomplished under the advanced control strategy and the 
real work situation cannot escape from an area when 
entering this area which is greater than the cross area 
slightly. 

Table 5. Relations between time of control period and max 
offset between energy function and reference 
parameters 

kHz 10^-6J 
200 0.58086 
100 3.9606 
50 4.0015 
40 6.2168 
20 39.606 
10 145.42 

 

 
Fig. 19. Relations between time of control period and max 

offset between energy function and reference 
parameters 

 
Supposing an error function by energy function as 

follow in order to investigate the relations between time of 
control period and the area of practical stability: 

 

 ° °2 2

1 2
1 1
2 2

J Lx C x= +  

 
Table 5 and Fig. 16 shows the relationships between 

max J when the line of real states passes through the lines 
of 0VD =  back and forth constantly and the control 
frequency. As we have noticed, the error is negative 
correlation to the control frequency. And, more remarkable, 
if we improve the control strategy after 10kHz the error 
performance will improve little under these simulation 
parameters listed in Table 1. Thus, this paper selects 20kHz 
as control strategy is suitable and effective. 

Furthermore, this paper build CompactRIO 9073-FPGA 
experiments system to prove the control strategy for Boost 
converter as shown in Fig. 11. Table 6 demonstrates the 
experiments parameters and Fig. 20 and Fig. 21 shows the 
tracing results of control strategy. 

 
Table 6. Experiments parameters 

R(Ω) 50 
L(H) 0.003 
C(F) 0.00033 
U(V) 12 

Control Frequency(kHz) 20 
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Fig. 20. Current tracing under the situations 24cu V* =  
based on practical stability control strategy (unit of 
t-axis is 0.00005s and unit of cu -axis is V) 

 

 

Fig. 21. Voltage tracing under the situations 24cu V* =  
based on practical stability control strategy (unit of 
t-axis is 0.00005s and unit of cu -axis is V) 

 
 

6. Conclusion 
 
In this study, the stability characteristics of DC/DC 

converter were investigated, and a control strategy based 
on discrete Lyapunov Function was developed to obtain the 
practical stability of DC/DC converter. 

In order to investigate the sophisticated process, 3-D 
diagram about the change of energy was generated. 
According to simulation, the following conclusions were 
obtained. 

(1) Due to the finite input set, practical stability can be 
realized in DC/DC converter via selecting suitable sample 
time and controlling the switch under the control strategy 
demonstrated by discrete Lyapunov Function. 

(2) To investigate the energy changes during the work 
time of DC/DC converter, we could find a finite stable area 
which contains all current and voltage situations when the 
S *  is chosen. 

(3) Sample time affects the finite stable area intensely. If 
we could improve the sample time as more as possible, the 
finite stable area will become smaller. 
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