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ABSTRACT

This article presents a design for a DC-DC Boost Converter (BoC), which is widely used in many power
electronic systems. The objective of the optimization problem is to minimize power loss in circuit
components to enhance the efficiency of the BoC while considering three variables: inductance,
capacitance, and switching frequency. Leveraging nature-inspired metaheuristics, including a Bat
Algorithm (BA) and a Differential Evolution (DE), enables the attainment of optimal solutions to the
nonconvex problem. In numerous scenarios, the two proposed approaches outperform the two
benchmarks: Geometric Programming (GP) and Particle Swarm Optimization (PSO). Additionally, the
optimized BoCs successfully operate in PSIM, a circuit simulation software, thereby further validating the

effectiveness of the design.
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I.  INTRODUCTION

DC-DC converters play an important role in providing
suitable voltage levels for power electronic systems, such as
portable electronic devices [1-3], battery-operated equipment
[4-6], and renewable energy applications [7-10]. In these
systems, the supply voltage frequently fails to meet the
required voltage levels. It is thus necessary to increase the
voltage, especially in renewable energy sources that exhibit
relatively low output voltages [7]. The Boost Converter (BoC)
is frequently used to achieve voltage step-up due to its ease of
use and reliable performance. Nonetheless, the power losses
that occur during the energy conversion process are inevitable.
The efficiency of DC-DC converters, including BoCs, is
diminished and fails to reach the desired level, directly
impacting the overall efficiency of the system [11, 12]. To
enhance the overall performance of power electronic systems,
it is essential to employ optimization methods to reduce losses
and improve BoC efficiency.

Several studies have focused on optimizing DC-DC
converters by directly modifying the duty cycle of power
switches [13] or indirectly adjusting it using Proportional-
Integral-Derivative (PID) and PI controllers [14-18]. The

aforementioned studies have successfully enhanced control
quality, but the methods employed predominantly optimized
the control variables based on previously established hardware
parameters. Specifically, the component specifications and the
switching frequency were held constant throughout the
optimization process. Consequently, the effects of design
limitations, operational conditions, and loss distribution were
not incorporated into the optimization problem.

This disadvantage has prompted the present work to seek a
more effective method for mitigating power loss and enhancing
the efficiency of the BoC. Authors in [19] analyzed the
sensitivity of component specifications to DC-DC converter
efficiency. Two studies concentrated on modifying component
specifications for the BoC. Authors in [21] introduced an
optimization approach employing Geometric Programming
(GP) that applies to various DC-DC converters. The problem
concerned minimizing power loss under various constraints,
including Continuous Conduction Mode (CCM), and limits on
inductor current and output-voltage ripple. From this
foundation, authors in [22] further expanded their research by
analyzing the sensitivity of BoC. This study revealed that the
efficiency of the BoC is highly sensitive to inductance,
capacitance, and switching frequency. At the same time, ripple
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constraints and CCM significantly influence the BoC's ability
to reduce power loss.

The effectiveness of Nature-Inspired Metaheuristics (NIMs)
in DC-DC optimization methods has been highlighted. In [13,
18], a Particle Swarm Optimization (PSO) algorithm was
employed, whereas in [14, 15], a flower pollination algorithm
and whale optimization algorithm were utilized, respectively.
Authors in [16] evaluated the efficacy of a grey wolf optimizer
through a comparative analysis with a genetic algorithm and
PSO.

The contributions of this study are: Initially, it further
explores the application of NIMs in the design of DC-DC
converters, proposing a Bat Algorithm (BA) and a Differential
Evolution (DE) approach to optimize power loss in a BoC.
Secondly, it examines the sensitivity of component
specifications, including inductance, capacitance, and
switching frequency, to BoC efficiency by treating them as
optimization variables. Thirdly, the proposal is evaluated
against two benchmarks: the GP approach in [20, 21] and the
state-of-the-art PSO approach in numerous scenarios. Finally,
the current work reassesses the optimized BoCs over the PSIM
software specialized for circuit simulation.

II. MATHEMATICAL MODEL

A. Operating Principle

Figure 1 illustrates a fundamental BoC topology, in which
L, C, and R represent the inductance, capacitance, and load
resistance, respectively. D and Q indicate the diode and power
switch, respectively, while Vin and Vout denote the input and
output voltages. The operation of the BoC comprises two
alternating states: 1) when Q is closed (Figure 1(b)), the circuit
is in the charging phase for the inductor by Vi,, and 2) when Q
is opened (Figure. 1(c)), the inductor discharges the energy
stored during 1) to the capacitor and the output load.

+
—— Vout
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—r e —

Fig. 1. A BoC topology. (a) Circuit. Equivalent circuit when (b) Q is
closed and (c) Q is opened. (d) The parasitic resistance of components.

Vou is calculated as:
Vin
1-p

Voutr = (1)
where 0 <p <1 is the duty cycle. The output voltage

variation in 1) can be represented as:

_ Voutp
AVouron = b @

where f; is the switching frequency. In the CCM, both the
inductor current and output voltage ripples have a triangular
form, and they can be calculated as:

. . Vi
Aiy, = Aip oy = —2° 3)
: Lfs
_ _ Voutp
AVout - AVout,ON - RCfs (4)

To ensure that the BoC is in CCM, L must satisfy the
condition:

—_ "2
p(1-p)“R (5)

L> 2t

B. Power Loss Analysis

Figure 1(a) presents an ideal BoC model, in which neither
passive nor semiconductor components exhibit loss. However,
in practice, it is significant to account for the parasitic factor,
which is the main cause of efficiency reduction. Figure 1(d)
shows how the parasitic factor is displayed as resistance.

The dissipated power by the diode can be presented as:
rDI?)ut
Pp = Ve ploue + == (6)

where 1p is the resistance when D is forward biased, and Vrup
is the D threshold voltage. The dissipated power by the
inductor, Pr, is formulated as:

2 a2
_ Iout) ﬂ
Po= () +55)n ™
where 1L is the L parasitic resistance. The power consumption

of the switch, which comprises conduction and switching
losses, is given by:

I, Ai
+ ( Vom 'VTH,Q ) (E - TLJ TSW,ON fs (8)

I, Ai
+ ( Vou 'VTH,Q ) (E +7Lj TSW,OFFfs

where Ly is the output current, rq is the resistance when Q is
closed, and Vrp,qis the Q threshold voltage. Tsw,on and Tsw.orr
are, respectively, the switching times from the ON state to the
OFF state and vice versa. The dissipated power by the
capacitor is formulated as:

P = Igr¢ 9

where rc is the C parasitic resistance. In (9), IC is the Root
Mean Square (RMS) C current, and is determined as:

(pZ _1) (Imax _Imin )(Imax _Ioul )

f,(1-p)

2
Iéz(l_pS)(Imax_IminZ +
(Imax_IouL)2 12 p
1- Zout?
H(Ip) T

s s

The total power loss of the BoC can be calculated as:
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Pl()ss = PQ+PD+PL+PC (11)
The efficiency of the BoC is then computed as:
Pload
=—"—100% 12
Pload+Ploss 0 (12)

where Pig.q = Voutlout 18 the useful power.

III. PROPOSED METAHEURISTIC-BASED
APPROACHES
A. Problem Formulation and Penalty Method
The optimization problem is formulated as:
rI]in P]OSS
L.C.f,
s.t. CL:Ai <vI,, (13)
CZ:Avout S YVVOUl >
C3:Eq. (5)
where I and V correspond to the acceptable current and voltage
ripples. In (13), C1 and C2 control the inductor current and
output-voltage ripples, respectively, while C3 maintains the

BoC to ensure CCM operation. This problem can be
reformulated as:

min - By,

s.t.  CL:Ai -y I, <0,
CZ:AVOLH _Yvaut < O’

C3:Rp(1-p)’ -2Lf, <0

(14)

By using the penalty method, (14) can be expressed as:
H}:l’g 0 Z[Ploss + K] (15)

where K is the penalty term and can be written in detail as:

K=B,max {0,Ai, 1,1, }* +B,max {0,Av,, -y, V,, }’

out

R 2 (16)
+pB,max {O,Rp (1-p) -2Lf, }

where {B1, B,, B3} > 0 are the penalty factors.

B. Differential Evolution-Based Approach

DE is based on the mechanism involving three main
operators: mutation, crossover, and selection [22, 23]. In
mutation, with each individual x; = [Li, C;, fs'i], ie{l,..,N},
where N is the size of the population, three different vectors X,
Xp, and x. are randomly picked from the population to create a
donor vector at the t-generation as:

v =xI 4 F(xY —x (V) (17)

where F is a differential factor that decides the disturbance. The
donor vector is then combined with the original individual via
the probable crossover as:

®

© | viy rand<C

L T ) t-1)
Xi;

u ,j € {1,2,3} (18)

otherwise

where rand: U(0,1) and C; is the crossover probability. Finally,
the selection helps keep the better individual as:

® _ ui(.ti) O(ui(.?) = O(Xi(t_l))
ie{1,.., N}

1 Xi(t— 1)

C. Bat Algorithm-Based Approach

BA is based on the following rules [24, 25]: First, each bat
uses echolocation to recognize and distinguish the target from
the barrier, and then to estimate the distance to the prey.
Secondly, the bat moves in the search domain with the velocity
vj at the location/solution x; and simultaneously emits the pulse
with the loudness A and emission rate r. To simplify the
implementation of BA, both A and r are fixed.

X 19)

The frequency of the pulse can be written as:
fi = I:min + (fmax - fmin)rand (20)

where fnin and frax correspond to the minimum and maximum
pulse frequency. The velocity and solution at the t-generation
are expressed as:

vi(t) = vi(t_l) + (Xi(t_l) - X*)fi 21
x9 = x4 v (22)

where x, is the current best solution. If rand > r, bat creates a
new local solution around Xx,:

X; = X, + 0.01(Xpax — Xmin)rand (23)

However, only if rand < A, bat accepts this new solution.

IV. NUMERICAL RESULTS

A. Simulation Setup

In this study, the BoC parameters are adopted from
previously published works [20, 21] across all simulations to
ensure a fair comparison of approaches. In which Vi, is fixed at
5V, while Vo is investigated over the range 10 Vto 45 Vin 5
V steps. The on-state resistance of both Q and D is set to 5.2
mQ. The turn-on and turn-off times of Q are both set to 108 s.
The threshold voltages of Q and D are set to 0.9 V. The design
parameters are constrained within predefined bounds. L ranges
from {Lyin, Linax} = {0.1, 10*} uH, while C and f are bounded
with  pF and {f in, fmax} = {10,800} kHz, respectively. In
addition, y; = 15% and vy, = 1%.

In DE, F = 0.7 helps maintain a stable mutation disturbance,
while C; = 0.9 promotes high success from the donor vector. In
BA, f; is in the range of open {f,in, fnax} = {0,2}, and A and r
are fixed at 0.5. The penalty factors gradually increase versus
iteration as {B;, B,, B3} = 100t? . Finally, the optimization
simulations are executed in MATLAB before being reassessed
in PSIM.

B. Performance Comparison

Initially, the current study compares the two proposed
approaches with the GP in [20, 21] and the PSO in two cases:
Vou = 10 V and Vo = 45 V. This study sets N = 50 for all
NIMs in the whole simulation.
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Figure 2 illustrates the optimization results over 1000
iterations of approaches in the case of Vo = 10 V. As
evidenced in Figure 2(a), Piss of the GP approach is the
greatest at 2.1 W, while all NIMs have a P that is
approximately 2 W. Between NIMs, the DE and BA
approaches have the same performance. Meanwhile, the PSO
approach has a Py, higher than 1.96 W, indicating this lack of
exploration when mainly relying on the previous walks of the
best individual. Indeed, in Figure 2(b), while the DE and BA
approaches converge to their respective L values, the PSO
approach does not do so after the maximum number of
iterations. Also, the GP approach reaches a minute value for
this component. This phenomenon, along with f; (Figure 2(c))
and C (Figure 2(d)), which only achieve values close to those
of the DE and BA approaches, contributes to the higher power
loss observed in the GP approach.
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Fig. 2. (@) P, (b) inductance, (c) switching frequency, and (d)

capacitance over iterations of DE, BA, PSO, and GP approaches. Case 1: Vg
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Fig. 3. (a) P, (b) inductance, (c) switching frequency, and (d)

capacitance over iterations of DE, BA, PSO, and GP approaches. Case 2: Vo
=45V.

Figure 3 demonstrates the optimization results over 1000
iterations for the approaches at Vout = 45 V. Analogous to the
case of Vout = 10 V (Figure 3(a)), Ploss is in ascending order,
starting with the GP approach and progressing to the DE and
BA approaches. Also, in Figure 3(b), the L of the GP approach
is significantly smaller than the others, and that of the PSO
approach oscillates instead of being stable. Regarding fs and C,
as presented in Figures 3(c) and 3(d), there is a distinction
between the GP and PSO approaches: the GP approach

consistently shows the greatest distance, while the PSO
approach is closer to the DE and BA approaches.

This work investigates the operation of the BoC over a
range from 10 V to 45 V with four metrics: L, f,, C, and the
efficiency of the BoC. Figure 4(a) presents the inductance L as
a function of V, for three metaheuristic approaches. It can be
observed that the DE approach decreases from the maximum
value in the search domain, while the BA and PSO approaches
oscillate around 5 mH and 6 mH, respectively. In contrast to L,
fs reduces from about 100 kHz to approximately 40 kHz, as
illustrated in Figure 4(b). Compared to the others, the PSO
approach consistently yields higher values, and this gap widens
as Vou increases. This factor, along with the smaller and lower
value of C (Figure 4(c)), is the main reason the efficiency of
the PSO approach is worse than that of the DE and BA
approaches, as shown in Figure 4(d). Moreover, the efficiency
of all approaches increases proportionally with Vou. Authors in
[20, 21] reported BoC efficiencies of 90.5% and 91.084% for
Vou = 10 V and Vo, = 45 V, respectively, which are much
lower than those of NIMs, particularly the two proposed
approaches.
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10 15 20 25 30 35 40 45
Vout (V)

(d)

C (uF)
I
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5
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out out

Fig. 4. (a) Inductance, (b) switching frequency, (c) capacitance, and (d)
efficiency over V,,, of DE, BA, and PSO approaches.

C. Circuit Simulation via PSIM

Figure 5 depicts a BoC in PSIM software, where, in
addition to the basis of a BoC, three measurement points,
namely Ir, Iow, and Vo, are set.
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Fig. 5. A BoC in PSIM.

www.etasr.com

Duc et al.: Metaheuristic-Based Power Loss Optimization for Boost Converter Design



Engineering, Technology & Applied Science Research

Vol. 16, No. 3, 2026, 35311-35316 35315

s (a) s (b)

2 5 Z 5

S 40 S 40

x| /) x|

S wl/ S wl/

3> 20 3> 20

5 0|/ 5 Jo|f

o o

5 0 5 0

S 000 005 010 015 020 @ 000 005 010 015 020

—_ Time (s) —_ Time (s)

< (©) <

£ 20 £ 2

o 16 o 16 t 1

- -

512 // 5 12 // Vo =10V_]

g 8/ g 8/ ——V,, =45V
] [

S s, 1

5 0 5 0

T 000 005 040 015 020 2 000 005 010 015 0.20

- Time (s) - Time (s)

Fig. 6. Output voltage over time of: (a) the DE approach and (b) the BA
approach. Inductor current over time of: (c) the DE approach and (d) the BA
approach.

Figure 6(a) displays the output voltage waveform for two
cases: Vou = 10 V and Vi = 45 V. The BoC responses exhibit
a slight voltage drop across the components in both cases.
Figure 6(b) plots the output voltage waveform using the BA
solutions in those cases. Compared with the DE approach, the
solution of the BA approach makes the BoC transient faster in
the case of Vou = 10 V. Figures 6(c) and 6(d) present the input
current waveform using the DE and BA solutions in two cases
of Vou = 10 V and Vo = 45 V. It can be observed that the
current curves have the same form as the voltage curves.

Finally, the efficiency of all approaches is measured, as
illustrated in Figure 7. In contrast with the computational
efficiency, as portrayed in Figure 4(c), the simulation
efficiency in PSIM shows the approximation between the
approaches. The dissimilarity between computation and
simulation is clear: e.g., at Vo = 10 V, the simulation
efficiency decreases by about 0.5% for NIMs, while the GP
approach shows only an insignificant increase; from Vo = 20
V onward, the simulation efficiency is much higher than the
computational efficiency. Although the efficiency in this work
is reported as 91.084%, when simulated in PSIM, the
efficiency documented in [21] increases to 96%, matching that
of the PSO approach; however, both are lower than the two
proposed approaches. The same thing occurs with the two
proposed approaches when, at some points, the simulation
efficiency of the BA approach is better than that of the DE
approach.

97
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Efficiency (%)
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Vout (V)

Fig. 7. Simulation efficiency over V,, of DE, BA, PSO, and GP
approaches in PSIM.

V. CONCLUSION

This study provides a basis for optimizing DC-DC
converters by implementing Nature-Inspired Metaheuristic
(NIM)-based approaches. It also contributes to developing and
analyzing mathematical frameworks for more complex DC-DC
systems and for employing advanced optimization techniques.
After acquiring extensive knowledge of this field, it becomes
feasible to experiment with the actual system and apply it to
real-world situations.
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