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Abstract—This article presents an innovative methodology for digital control rules applicable to a
DC-DC boost converter (BC). The State-Space Averaged (SSA) approach was used to develop the
converter mathematical model, a crucial step in the control design of this study. The voltage control
mode (VCM) for the continuous conduction mode (CCM) was implemented with utmost care and
precision. The two discrete fuzzy logic controllers (FLC) and Dahlin were meticulously and
rigorously synthesized, ensuring the method's robustness. An analysis of the amplitude variations in
input voltage and load is also conducted to compare these two digital controllers. The method's
efficacy is not just claimed but thoroughly validated. The simulation results, acquired via the
SimPowerSystems MATLAB, are presented and discussed, providing concrete evidence of the

control method's effectiveness.
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I.  INTRODUCTION (HEADING 1)

A power electronics system employs power
semiconductor devices to transform electrical energy from
one form to another and deliver it to a load. Since the
1970s, researchers have been conducting studies and
developing various types of DC-DC converter circuits.
One such converter is capable of either boosting or
bucking the output voltage. The DC-DC BC is a prevalent
design that employs a switch in parallel with the supply
voltage to produce an output voltage exceeding the input
voltage [1].

The continuous conduction mode (CCM) encompasses
two topologies, while the discontinuous conduction mode
(DCM) requires an additional configuration, resulting in
three distinct topologies [2]. In every configuration, the
system can be described by linear state equations. The
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switching between topologies will depend on the system
output, adding complexity to the study. This converter is
known for its highly dynamic, non-linear components due
to power-switching devices. The mean state space
technique is widely utilized for modeling the DC-DC BC.

The DC-DC BC model is typically nonlinear due to its
multiplicative elements, including state variables and the
duty cycle [3]. This nonlinearity masks information about
the system's rapid dynamics, making fast instabilities such
as sub-harmonic oscillations challenging to detect and
analyze [4].

Therefore, this paper presents a mathematical model
for the DC-DC BC’s CCM mode, utilizing the SSA
approach as its contribution.

This study compares FLC and Dahlin digital
controllers. One advantage of utilizing fuzzy logic to
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represent human raisoning is the ability to express rules in
simple language, allowing for greater flexibility in
reasoning to accommodate imprecision and uncertainty. In
contrast, the Dahlin digital controller produces the system's
output in exponential format [5].

The reference voltage tracking tests involved critical
changes in input voltage levels and loads of the DC-DC
BC. These tests were conducted using MATLAB/Simulink
to validate the effectiveness and stability of the digital
controllers proposed in this study.
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control +

Fig. 1. DC-DC BC in association with the digital controller.

Il. MODELING OF DC-DC BC USING THE SAA METHOD:

The initial step is to identify the equations that govern
the two topologies, which are the switch-on and switch-off
Qs MOSFETSs. The block diagram in Fig. 1 illustrates the
DC-DC BC in association with the digital controller.

A. Switch-off of the MOSFET:

The switch Qs is closed, and the diode is blocked. The
state variables are the inductor current and the capacitor

voltage, denoted respectively by i, (t) and V¢ (t), whose
state vector is defined by x(t) =[i_(t) v (t)] :
Using Kirchhoff's laws and rearranging the terms of the

differential equations, the state-space model of this mode
is defined as follows:

X(t) =M, x(t)+N,u(t)

1
y(t)=0,x(t) @
Such as:
0 0 1
Ml = 0 _ l ) N]_ = L y 01 - [0 _1] (2)
CR, 0

B. Switch-on of the MOSFET:

The switch Qs is opened, and the diode is on. By using
Kirchhoff's laws and rearranging the terms of the
differential equations, the state-space model of this mode is
defined as follows:
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X(t)=M, x(t)+N,u(t)

3)
y(t)=0,x(t)
Such as:
0 —% i
M2: l ~ 1 ’ N2: IO—' 02:[0 1] (4)
C CR,

C. Model average for DC-DC BC:

The linearization strategy of the SSA can establish the
combination between the two state spaces. There are only
two duty ratios of the switching period to consider for this
DC-DC BC: the ratio for when the system is switched on
and when the system is switched off. The average
matrices can be expressed as:

)
M=[M,d+M,(1-d)]= (1-d) 'i ®)
C CR,
1
N=[N,d+N,(1-d)]=| L (6)
0

I11.LINEARIZATION OF THE DC-DC BC MODEL USING THE
SSA METHOD'S SMALL SIGNAL APPROACH:

Transfer functions for control analysis are derived from
the SSA model's state equations, which represent a linear
approximation to the system. Small-signal analysis is the
technique utilized here.

Small perturbed quantities are utilized in place of state
variables and control parameters in small-signal analysis
[6]. The SSA model's previous state equations are
transformed into two modes of equation expressed as
follows:

o DC-mode equations model:

[Myd+M,(1-d) % +[N,d+N,(1-d)]u, =0 (7)

e  AC-mode equations model:
%(t)=[M,d+M, (1-d)]R(t)+[ N, d +N, (1-d)]a(t)

+[(M, =M, )%, +(N, =N, )u, ]d (t)
The AC-mode equations can be written in matrix form
as follows:

®)
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. ,  _(1-9) .
i, (t R EGINEN
||:() — (1_d) . [L(t):|+ L U(t)
\7c (t) - VC( ) 0
C CR, )
0o T I |
o b [ L}d(t)
AL
C
To deduce the steady-state solutions I _andV,, it's

necessary to solve the continuous-mode system given by
Eq. (7).

(10)

11)

The ratio of the load terminal voltage \7c (s) to the

duty cycle d (s) forms the transfer function that can be
determined as follows:

R Ic ;S+1
c(s) _LC(R,(1-d )
d(s 1-d)?
() o, 1, ()
R,C LC
IV. DISCRETE Fuzzy LOGIC CONTROLLER DESIGN :
The discrete fuzzy logic controller's input is

specifically associated with the error and its variation,
while the output corresponds to the duty cycle's variation
as shown in the Fig. 2.

The discrete FLC consists of 3 blocks which are:

A. Fuzzification:

In this step, the input and output values are converted
into fuzzy subsets in the form of membership functions [7].
These membership functions are identical for the input and
its variation as well as for the output. They consist of seven
functions: five triangular centered around zero and two
trapezoidal at the extremity, limited by an interval of [-1,
1], as shown in Figure (3).

B. Fuzzy Inference Rules:

The fuzzy inference mechanism determines the outputs
corresponding to fuzzy inputs using fuzzy logic reasoning
[8]. The fuzzy rule base consists of the IF-THEN syntax,
which depicts the fuzzy rules of the discrete FLC (Figure.
4).

C. Defuzzification:

Is the final step in an operational discrete FLC.
Defuzzification aims to merge these commands and
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transform the resulting parameters into numerical data [9],
[10].

v Fuzzy logic controller of the
f’ g DCDCBCoutput voltage 1y
T|Ad
JorE R
2-1
e )
Fuzzification inkasos Defuzzficat _)Ad
Callo ! uzzihcabon
Ae ) mechanism )
Fig. 2. FLC Process block diagram for DC-DC BC output voltage
control.
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V. DESIGN OF THE DAHLIN DIGITAL CONTROLLER:

The Dahlin digital controller renders the system response
as exponential [11]. The system response in the Laplace
domain is that of the following formula;

_l e—(IS
sl+sA

(13)

Y (s)
Where « is the delay, and A is the time constant.

The delay is setas o = KT and the Z-transform of output

Y (s) is defined as:

Y(2)= (14)

If the input is a unitary step, the transfer function of
the (output/input) is represented as follows:

(1-e )z

T (Z) = 1_e (/4 51 (15)

The Dahlin digital controller's transfer function can
be expressed subsequently:

Coun (2)= L[LZ)} (16)

G(2)|1-T(z2)

Where G(z) is the Z-transform of the DC-DC BC
transfer function and is computed by the following steps.

U [ L o,
6(2)=2 [1:Tsj[LZC['jo(lfél)d)l)] (17)

S™+
RC  LC

4 7
6(2)=(1-7+)z ] L. 5338105+ 260110 18
s s?+13335+6.728-10

The sampled transfer function of the DC-DC BC

system expressed by the equation (19) is obtained by
decomposing the preceding formula into simple elements
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and using the Z-transform properties expressed by the
following formula.

0.0480z"-0.04802°

_ 19
(2) =11 oosa"+0.0988 27 (19

Taking the time constant 1=2-10" | the degree
operator K = 1, and using formula (16), the transfer
function of the Dahlin digital controller is presented by
the following equation:
10°[0.44947* 089937 ° +0.44997 " |

[0.0479 7200959272 + 0.04802’1]

CDahIin (Z =

VI. RESULTS OF SIMULATION:

To compare the performance of these two digital
controllers, discrete FLC and Dahlin using the DC-DC
BC's voltage control mode (VCM) methodology,
simulation results are given with the system parameters in
the Appendix.

Fig. 5, Fig. 6, and Fig. 7 summarize the responses of
the error, the duty cycle, and the output voltage of the DC-
DC BC controlled by the two digital controllers discrete
FLC and Dahlin with critical changes in the voltage
reference of 12, 17, 10 and 13 volts at time intervals of [0
0.2](s), [0.2 0.4](s), [0.4 0.6](s) and [0.6 0.8](s). When
changing the reference, the Dahlin controller converges
faster than the discrete FLC controller.

The DC-DC BC is initially supplied with 10 volts,
then given a change in input voltage from 10 to 14, and
then 12 volts at t = 0.1 (s) and t = 0.2 (), respectively.
Fig. 8 shows that the output voltage response with the
discrete FLC and Dahlin controllers remains unchanged
except for a minimal overshoot. Still, the Dahlin
overshoot is rapid during the sudden input voltage change.

Finally, the output response of the DC-DC BC for a
change in load, with the load resistance changed from 20
Qto2 Qatt=0.15 (s), was analyzed. The simulation
results in Fig. 9 show that both the discrete FLC and
Dahlin digital controllers adapt immediately with low
overshoot and satisfactory tracking of the reference
voltage.
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Fig. 5. Error response versus time of the two digital controllers, FLC and Dahlin.
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Fig. 6. Duty cycle response versus time of the DC-DC BC with the two digital controllers,
FLC and Dahlin, under critical reference voltage change.
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Fig. 8. Output voltage response versus time of the DC-DC BC with the two digital controllers,

FLC and Dahlin, under critical input voltage change 14 [V] at 0.1 [s] and 12[V] at 0.2 [s].

71



Digital Fuzzy Logic and Dahlin Control Design for a DC-DC Boost Converter
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Fig. 9. Output voltage response versus time of the DC-DC BC with the two digital controllers,
FLC and Dahlin, under critical load resistance change from 20 [Q] to 2 [Q] at 0.15 [s].

TABLE I. SIMULATION PARAMETERS

Parameters Variables Values
Inductance L 3.716 (mH)
Capacitance C 100 (uF)
Load resistance R, 75(9Q)
Switching frequency F 20 (Khz)
Duty cycle d 0.5
Supply voltage U 10(V)
Sampling time T, 0.9(us)

VIl. CONCLUSION:

In this study, the SSA linearization approach is
employed to obtain the mathematical model of the Boost
converter. Two discrete digital controllers, discrete FLC
and Dahlin, have been created and employed in the voltage
control mode (VCM) for continuous conduction mode
(CCM). The two digital controllers, discrete FLC and
Dahlin, are compared for a sudden change in input voltage
amplitude and in load resistance. The Dahlin controller
reacts more dynamically, fastly, and robustly to external
changes than the discrete FLC controller. Simulation
results in MATLAB Sim-Power-Sytems environment
confirm the efficacy of suggested control measures.
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