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Abstract—In this paper, an adaptive fuzzy synergetic controller 
(AFSC) for a DC-DC converter is introduced. Two robust control 

techniques, synergetic control combined with fuzzy logic control, 

are utilized to produce a reliable DC-DC power supply. This is-

realized by an indirect adaptive control of a DC-DC buck 

converter. To further enhance robustness, a nonlinear constraint, 

the equivalent of the sliding surface, is used to guarantee 
performance and stability for any operating condition. To ensure 

overall strength, closed-loop signals are bounded and the stability 

is guaranteed using the Lyapunov theory. Control parameters 

are optimized using a PSO algorithm to further enhance 

performances. The proposed controller (AFSC) is designed 

through a dSpace based experimental setup to provide robust 
DC-DC buck converter voltage control. 

Keywords-adaptive; fuzzy control; synergetic control; DC–DC 

converter; PSO algorithm; dSpaceboard DS1104 

I. INTRODUCTION  

Reliable power supply is indispensable in any energetic 
system and computing unit. DC-DC converters represent a 
dependable power source used in many computer-based 
industrial plants as well as in renewable energy systems control 
[1-3]. Failure or chaotic behavior may occur in these 
subsystems, often resulting in catastrophic repercussions [4-5]. 
Therefore DC-DC converter robust operation is essential for a 
wide operating range and for different loading conditions [6-7]. 
Parameter variations and varying operating points require a 
robust modeling approach. Fuzzy systems have been proven to 
adequately handle systems with partially known or unknown 
system models using the universal approximation theorem [8-
11] and will be exploited to approximate nonlinear system 
dynamics. Added robustness in controlling such systems has 
been achieved using sliding mode control despite unwanted 
chattering. Many sound approaches have been elaborated to 
alleviate [12-13] this unsafe drawback or to eliminate it 
completely, often at the expense of robustness. Synergetic 

control, providing a robust and continuous control law, has 
emerged recently [14-16] as a promising technique. It relies on 
the same principles with sliding mode control and provides 
similar robustness but without discontinuous components in its 
control signal, therefore eliminating chattering. 

Buck converter is the name given to a step-down DC-DC 
converter producing a lower average voltage at the output than 
the input supply voltage. Its control performance must be 
upheld despite load and parameter variations occurring in many 
applications starting from basic computers to space vehicles or 
nuclear submarines. Many control methods have been used, 
such as PID [17], fuzzy control [18], feedback linearization 
[19], and many others schemes using a precise model and fixed 
control parameters which can be detrimental to system 
performance [20]. The principal contribution of this paper 
consists in combining fuzzy inference systems and synergetic 
control to provide a reliable and robust DC-DC converter 
voltage control despite operating point excursions and 
parameter uncertainties. The adaptive scheme ensures 
robustness despite system parameter fluctuations while 
synergetic approach permits imposing system designer chosen 
dynamics without incurring devastating chattering inherent to 
sliding mode methodology. Controller parameters are obtained 
with the use of particle swarm optimization (PSO) algorithm 
and closed-loop stability is insured utilizing Lyapunov 
synthesis. Results are given for DC-DC converter control for 
different operating conditions showing remarkable 
performance. 

II. MODEL OF THE DC-DC CONVERTER  

The basic buck DC-DC converter topology is shown in 
Figure 1. When the converter works in conduction mode, the 
system can be described by: 

Corresponding author: Ziyad Bouchama



Engineering, Technology & Applied Science Research Vol. 9, No. 6, 2019, 4984-4989 4985 
 

www.etasr.com Behih et al.: Real-Time Investigation of an Adaptive Fuzzy Synergetic Controller for a DC-DC Buck … 

 

( ) ( )
( )

( )

( )( )

( )
( )

( )
( )

( )

1

1

1

C

L L L c

C C

D

D in m L

c L c

C C

R r R
i t r i t u t

L R r L R r

v
v V r i t d

L L

R
u t i t u t

C R r C R r

  
= − + −  

+ + 
 − + + +



= + + +

�

�

 (1) 

where 
L
i is the average inductor current, 

c
u  is the average 

capacitor voltage and d  is the control signal. The positive 

constants R, L, C and in
V  are the load resistance, inductance, 

capacitance and input voltage source while rL, rC, rm, and D
v  

are parasitic elements. 

The output voltage ( )0v t can be determined from:  
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The control law objective is to drive the circuit with a 
desired constant output voltage regardless of load and line 
input variations. Tracking error and its derivative are defined as 
follows: 

( )
( ) ( ) ( )
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, ,

ref

L c L c ref

e t v v
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where 
refv  is the desired output voltage, ( , )L cf i u  and ( , )L cg i u

are variable functions of state system and circuit components 
[21]. The adaptive fuzzy synergetic control applied to a buck 
DC-DC converter is developed in the next section. 

 

 
Fig. 1.  Buck DC-DC converter schematics 

III. DC-DC CONVERTER FUZZY SYNERGETIC CONTROL 

Synergetic control synthesis of the system given in (1) 
begins by defining a designer chosen macro-variable given as 
in (4): 

e edtβΨ = + ∫  (4) 

where β is a positive constant. 

Let the desired dynamic evolution of the macro-variable be 
designer imposed as: 

+ 0α Ψ Ψ =�  (6) 

whereα  is a positive constant. Taking the first time derivative 
on the macro-variable function leads to: 

e eβΨ = +� �  (7) 

which can be rewritten as: 

( ) ( ), ,
L c L c ref

f i u g i u d e vβΨ = + + −� �  (8) 

Combining (6) and (8) yields: 

( ) ( ) 1
, , +L c L c reff i u g i u d e vβ

α
+ + − = − Ψ�  (9) 

Solving for the synergetic control law leads to: 
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The control law in (10) assumes that ( ),
L c

f i u  and 

( ),L cg i u  are perfectly known and that the system is operating 

in the controllability region, that is ( ) 1, 0L cg i u
−
≠ . In the more 

realistic case where ( ),L cf i u  and ( ),L cg i u  are unknown, the 

control law (10) for DC-DC buck converter must be modified 
as: 

( ) ( ) 11 ˆ ˆ/ /F ref f gd e v f x g xβ θ θ
α

− 
= − Ψ + − +  
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where [ ] 
T

L cx i u=  is a vector of measurable states and the 

fuzzy estimates function ˆ ( / )ff x θ and ˆ( / )gg x θ  are defined 

as [8-9]: 
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( )l
i

iF
xµ represents the membership function value of ix  and 
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l
iF are labels of fuzzy sets in 

1i

n
n

iU U R

=

= ∈∏ . Fuzzy logic 

systems’ vectors fθ and 
g
θ can be continuously updated as in 

[13, 22-23]: 

( )f f
xθ κ ξ= Ψ�   (15) 

( )g g
x dθ κ ξ= Ψ�  (16) 

where
f
κ  and 

g
κ represent adaptive positive learning rates. 

Fuzzy system sets can provide up to the desired accuracy 
approximation as detailed in [8-9, 13, 22]. 

IV. STABILITY AND ROBUSTNESS ANALYSIS 

Using the control action (11) in system (1), with f̂  and ĝ

defined in (12) and (13), while parameters vectors 
f
θ and 

g
θ

are adjusted by the adaptive laws (15) and (16) the closed loop 
system signals are bounded and the tracking voltage error 
converge asymptotically to zero. 

Proof: The stability and robustness issue of the controller are 
addressed here by using Lyapunov stability theory as follows: 

First, defining the optimal parameters of the fuzzy system: 
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nf f

f f
x R

f x f x
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where
f

Ω  and 
g

Ω are constraint sets for 
f
θ and

g
θ , 

respectively, then (8) can be rewritten as: 
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where 0
ref
v =� , and ε  is the minimum approximation error 

defined by:  

( )ˆ ˆ ˆˆ( ) ( / ) ( ) ( / )f f Ff x f x g x g x dε θ θ= − + −  (20) 

Letting ( )ˆ
f f fϕ θ θ= −  and ( )ˆ

g g gϕ θ θ= −  one may 

rewrite (19) as:  
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Defining Lyapunov function candidate: 
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the time derivative of V leads to: 
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where
f f
ϕ θ= − ��  and 

g g
ϕ θ= − �� . Substituting (15) and (16) in 

(23), leads to: 

21
V ε

α
≤ − Ψ +Ψ�   (24) 

Based on the universal approximation theorem [8-9], if 

2
Lε ∈ , then 2LΨ∈ . From (17) and (18), one concludes that 

Ψ  is bounded as well as every term in (24). Hence, 

, L∞Ψ Ψ∈� , and using Barbalat lemma [24-25] leads to:

lim 0
t→∞
Ψ =  while the term εΨ , in (24) is very small such that 

0V ≤� . The error will asymptotically converge to zero. The 
stability of system (1) is therefore guaranteed. 

The control parameters used were selected on a trial-error 
basis thus not leading to optimum performance. This issue is 
addressed in the ensuing section using the PSO algorithm. 

V. PARTICLE SWARM OPTIMIZATION 

Traditional optimization techniques among which linear 
programming, nonlinear programming, quadratic 
programming, and interior point methods are very sensitive to 
starting points and often diverge or converge to local 
optimums. More global nature-inspired optimization 
approaches have been developed [26-27]. PSO, as evolutionary 
algorithm and genetic algorithm, is a heuristic and global 
search method which explores the search space to get to the 
global optimum, using a population-based algorithm modelled 
on swarm intelligence.  

Seeking further enhancement of system control 
performance, optimization techniques have been used 
successfully in buck DC-DC converter [28]. In the present 
work, PSO [29-32] is used to minimize an objective function 
thus obtaining optimum parameter settings of the proposed 
DC-DC converter fuzzy synergetic controller. The selected 
objective function to be minimized (ITAE) is defined by: 

0

0

t

reft v vITAE dt= −∫  (25) 

where t  is the time range of simulation and 0 refv v− the 

absolute value of the voltage error. 
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A simplified schematic diagram of the proposed controller 
AFSC and the interconnection of the techniques used is 
illustrated in Figure 2. Control parameters to be tuned through 
the optimization algorithm are a and β, with the aim to 
minimize the selected fitness objective function improving 
system response performance in terms of voltage tracking 
error. The objective function (25) evolution is shown in Figure 
3. 

 
Fig. 2.  Overall scheme of the optimal AFSC controller for a DC–DC buck 

converter 

 
Fig. 3.   Objective function evolution 

VI. SIMULATION RESULTS 

Simulation results are given for a DC-DC converter with 
given parameters: Vin=30V, L=50mH, C=470µF, R=25Ω and 
vref=12V. Optimized values for a and β are sought through PSO 

and they were found to be: a=0.3210 and β=64.01 as shown in 
Figures 4-5. Performance and robustness of the proposed 
AFSC for the DC-DC buck converter are investigated 
experimentally for different operating conditions through the 
use of a dSpace board DS1104 and a DC-DC buck converter. 
The experimental results are shown in Figures 6-8 with 
uncertainties on the system parameters. 

 

 
Fig. 4.  The parameter value trajectory α 

 
Fig. 5.  The parameter value trajectory β 

A load disturbance was considered in the first case, in 
which the system is subjected to strong perturbation as the load 
changes abruptly and periodically, the output voltage remains 
insensitive to fluctuations while inductor current follows its 
desired value with no steady-state error as shown in Figure 6. 
Considering the reference output voltage changes, from 
vref=12V to vref=5V the corresponding results are shown in 
Figure 7. It can be easily concluded that the proposed controller 
achieves strong robustness and has satisfactory response under 
these types of disturbance and uncertainties. Finally, further 
experimental test is carried out for a severe operating condition 
such as line variation from vin=45V to vin=24V. The system 
responses are shown in Figure 8. From the results, one can see 
that AFSC has remarkable performance despite the introduced 
perturbations. 
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Fig. 6.  Inductor current response (green line) and output voltage response 

(dark yellow line) 

 

 
Fig. 7.  Inductor current response (green line) and output voltage response 

(dark yellow line) 

 

 
Fig. 8.  Inductor current response (green line) and output voltage response 

(dark yellow line) 

VII. CONCLUSION 

An adaptive fuzzy synergetic control scheme for a DC-DC 
buck converter has been presented. Its stability has been 
provided through Lyapunov synthesis with controller 
parameters optimized by PSO algorithm. The real time 
implementation of the proposed approach overcame the 
necessity of a fully known mathematical model of the DC-DC 
converter even though the latter has been subjected to different 
operating conditions showing good overall performance, 
improved tracking, and faster response. 
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