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Abstract

This paper presents the event-driven modeling and simulation of a DC/DC Buck-Boost
converter that operates through parallel charging and series discharging of its inductors.
Treated as a hybrid system with three physically realizable topologies, the model captures
the complete switching dynamics through zero-crossing detection, overcoming the limitations
of the conventional averaged model. Three control schemes are implemented and compared
open-loop with pulse-width modulation (PWM), peak current mode control (PCMC), and
PCMC with proportional-integral control and compensation ramp (PCMC-PI). The results,
validated against specialized commercial software, demonstrate the correct operation of the
converter and its model, which can be implemented in various applications where voltage
amplification requires values up to 100 V. The model constitutes the basis for, as an example,
a modular solar battery charging system with maximum power point tracking, which is
proposed in future work.

Keywords: ODE Events, DC-DC power converter, Hybrid systems

1 Introduction

Power converters are fundamental components in modern electrical systems and are present in the
vast majority of applications within the sector, from generation to end-use consumption. In this
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context, power electronics play a predominant role in the 21st century in industrial, commercial,
and residential applications, with a particular emphasis on energy efficiency and the reduction of
environmental impact. [1]. This projection is supported by current trends in the global market,
where the DC/DC converter segment reached USD 10.79 billion in 2023 and is projected to exceed
USD 22.37 billion by 2030, driven by the increasing integration of renewable energy sources and
the electrification of transport. [2]. The scale of this growth is further evidenced by the fact that,
in 2023 alone, 191 GW of photovoltaic capacity were added globally, all of which require power
conversion stages for integration into the electrical grid. [3]. In this scenario, it is expected that,
in the future, the majority of the electrical energy delivered to the end user will pass through
some form of power conversion device. [4].

Within the broad taxonomy of power converters, DC/DC devices occupy a central role in
the integration of renewable energy sources, battery storage systems, and electric traction. The
classical topologies available are Buck, Boost and Ćuk converters, among others. However, the
Buck–Boost converter is particularly versatile, as, depending on the adjustment of its parameters,
it can operate as either a step-down or a step-up converter without requiring any modification
to the circuit structure. [4]. This characteristic makes it suitable for scenarios that involve wide
variations in the source or load, such as those encountered in photovoltaic systems with maximum
power point tracking, thus making its study particularly relevant.

However, carrying out the dynamic analysis of these devices presents a modeling challenge, as
it is not a trivial task. For instance, the averaged model, widely employed in the literature due
to its simplicity, neglects the switching dynamics and does not allow for the study of transient
behavior or certain instability phenomena, such as subharmonic oscillations. [5]. Although non-
linear extensions of this approach exist, they still omit dynamics that are relevant for rigorous
control design. A more comprehensive alternative consists of treating the converter as a hybrid
system, in which each operating topology is described by a set of ordinary differential equations
whose transitions are determined by zero-crossing conditions. This approach, referred to as event-
driven simulation, captures the complete time-domain response of the system and provides a more
suitable framework for stability analysis and controller design.

Consequently, this work presents the modeling and event-driven simulation of a DC/DC
Buck–Boost power converter, with the aim of providing a more flexible dynamic analysis tool
than conventional approaches. Three operating configurations are developed and implemented.
The first corresponds to open-loop operation with pulse-width modulation (PWM); the second
to closed-loop operation with peak current mode control (PCMC); and the third incorporates
proportional–integral control with slope compensation (PCMC-PI). The validity of the proposed
model is verified by comparison with results obtained from specialized commercial software.

2 Mathematical Modelling of the Power Converter

2.1 Power converter

The converter under study has been previously presented in [6–9], with a variation to the proposed
system through the insertion of diode D0 (see Fig. 1).

Fig. 1 shows the converter schematic, which consists of 4 diodes (Dn), 3 controlled switches
(Sn), 2 inductors with their internal resistances (Ln, Rn, respectively), a capacitor connected on
the load side (C), a load resistance (R), and a voltage supply (Vin). The switches are assumed to
turn on and off simultaneously. With the exception of the inductors, all remaining elements are
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considered ideal — that is, parasitic resistances are neglected in order to simplify the analysis.

Vin

S0
L1 R1

D2 L2 R2
D3

C R

D1

D0 S1 S2

Figure 1: Buck-Boost converter proposed

Once the circuit configuration has been established, it can be observed that this device com-
prises seven semiconductor elements, of which four are diodes and three are controlled switches.
This implies that the circuit may exhibit 128 possible operating topologies, in accordance with
Equation 1 [10].

Tn = 2Sn (1)

Where Tn denotes the number of possible topologies and the number of semiconductor devices.
However, the circuit is subject to certain operating conditions, as the two inductors are charged

in parallel using a boost-like configuration and discharged using a buck configuration. This mode
of operation reduces the number of possible topologies as follows:

• The switches operate in phase; that is, they are all activated simultaneously and deactivated
at the same instant. This reduces the number of possible topologies from 128 to 32.

• The biasing of diodeD0, is opposite to the conduction states of the switches, except when the
converter enters discontinuous conduction mode. In other words, while D0 is conducting,
the controlled switches are non-conducting, and vice versa. This condition reduces the
number of possible topologies to 17.

Taking into account the conditions outlined above, Table 1 presents the possible combina-
tions of the converter topologies. It should be noted that the final topology corresponds to the
discontinuous conduction mode (T17).

Following an analysis of the topologies presented, only the combinations T4, T13, T7 are phys-
ically feasible. These are subsequently redefined as T1, T2, and T3 respectively, and are described
as follows.
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Table 1: Possible Combinations of Topologies

Tn Sn D0 D1 D2 D3

T1 ON OFF ON ON ON
T2 ON OFF ON ON OFF
T3 ON OFF ON OFF ON
T4 ON OFF ON OFF OFF
T5 ON OFF OFF ON ON
T6 ON OFF OFF ON OFF
T7 ON OFF OFF OFF ON
T8 ON OFF OFF OFF OFF

T9 OFF ON ON ON ON
T10 OFF ON ON ON OFF
T11 OFF ON ON OFF ON
T12 OFF ON ON OFF OFF
T13 OFF ON OFF ON ON
T14 OFF ON OFF ON OFF
T15 OFF ON OFF OFF ON
T16 OFF ON OFF OFF OFF
T17 OFF OFF OFF OFF OFF

2.2 Topologies

2.2.1 Topology 1

T1 (see Fig. 2) This corresponds to the topology in which the inductors are charged in parallel. In
this topology, the diodes D0, D2 and D3 are non-conducting, while the remaining semiconductor
devices conduct as the control signal is in the ON state. This occurs while the capacitor discharges
through the load resistance.

2.2.2 Topology 2

T2 (see Fig. 3) This corresponds to the series discharging of the inductors in continuous conduction
mode (CCM), while the capacitor connected to the load side is being charged. The controlled
switches Sn and diode D1 are non-conducting, whereas the remaining elements are conducting.
In this case, the control signal is in the OFF state.

2.2.3 Topology 3

T3 (see Fig. 4) This corresponds to the complete discharge of the inductors, entering discontinuous
conduction mode (DCM). This is equivalent to an RC circuit on the load side, with a reduction in
the electrical charge stored in the capacitor. In T3, all semiconductor elements are non-conducting;
additionally, the control signal is in the OFF state.

2.3 Mathematical Modelling

The system is represented in state variables by considering x =
[
vC iL1

]T
, where iL1 and iL2 are

redundant elements (iL1 = iL2) corresponding to the current flowing through the inductors, and
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Figure 2: Topology 1, parallel inductors charging mode
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Figure 3: Topology 2, continuous conduction mode
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Figure 4: Topology 3, discontinuous conduction mode

vC is the voltage across the capacitor terminals. L1 = L2, R1 = R2 y VD = 0.The mathematical
model of the proposed converter is presented below (Tabla 2).

Table 2: Differential Equations of the Operating Topologies

Differential Equation Mode u Tn

ẋ =

− 1
RC

0

0 −R1

L1

x1

x2

+

 0

1
L1

Vin Charge 1 T1

ẋ =

− 1
RC

1
C

− 1
2L1

−R1

L1

x1

x2

+

0
0

Vin MCC 0 T2

ẋ =

− 1
RC

0

0 0

x1

x2

+

0
0

Vin MCD 0 T3

Additionally:

T1 =
{
x ∈ R2 : ˙iL > 0

}
T2 =

{
x ∈ R2 : ˙iL < 0

}
T3 =

{
x ∈ R2 : ˙iL = 0

} (2)

3 State Diagram and Control Strategy

As previously mentioned, the proposed converter presents three operating topologies. Therefore,
it has 3 states. Fig. 5 shows the state diagram of the converter in a general form.

Where Tn corresponds to the topology number and Cn to the state transition conditions.
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Figure 5: Open-loop state diagram.

3.1 Open loop

Fig. 6 shows the power converter controlled by a Pulse-Width Modulation (PWM) signal.

Vin

S0
L1 R1

D2 L2 R2
D3

C R

D1

D0 S1 S2

PWM

Figure 6: Proposed open-loop Buck–Boost converter

For the open loop, the following state transition conditions are considered:

C1 : t = ndT = mod

(
t+

T

2
− dT, T

)
− T

2

C2 : t = nT = mod

(
t− T

2
, T

)
− T

2

C3 : iL ≤ 0

C4 : t = nT = mod

(
t− T

2
, T

)
− T

2

(3)

Where d is the duty cycle, T the switching period, and n the number of each period or
iteration.
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3.2 Closed loop, peak current mode control (PCMC)

Peak current mode control (PCMC) is adopted as the control strategy due to the high current de-
mand generated in the converter during transient state. To address this situation, a peak current
mode control with both current and voltage loops is employed. This limits the current through
the circuit, preventing the conducting elements from deteriorating or failing due to overload. Fig.
7 shows the power converter with the peak current mode control.

Vin

S0
L1

A

R1
D2 L2 R2

D3

C R

D1

D0 S1 S2

Ip

Q S

Q R

Clock

−

+
Figure 7: Buck–Boost converter with peak current mode control

The state transition conditions for peak current mode control are presented below.

C1 : Ip − iL ≤ 0

C2 : t = nT = mod

(
t− T

2
, T

)
− T

2

C3 : iL ≤ 0

C4 : t = nT = mod

(
t− T

2
, T

)
− T

2

(4)

Where Ip denotes the prescribed peak current limit.

3.3 Closed-Loop Operation: Peak Current Mode Control with Pro-
portional–Integral Regulation (PCMC-PI)

In order to introduce an additional degree of freedom and regulate the voltage, a proportional–integral
(PI) controller is incorporated. Furthermore, a compensation ramp is added to increase the sta-
bility range of the system [11]. Fig. 8 illustrates the power converter with peak current mode
control combined with PI regulation and a compensation ramp. Equation 5 presents the state
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+

−

vC

−

Vref

+

e

∫

ki

kp

−A
T mod(t, T )

i(A)

t(s)T

A

2T

−

+

Q R

Q S
Clock

Iref

iL

Figure 8: Buck–Boost converter with peak current mode control, PI control, and ramp compen-
sation

transition conditions for the system under peak current mode control with proportional–integral
regulation.

C1 : Iref − iL ≤ 0

C2 : t = nT = mod

(
t− T

2
, T

)
− T

2

C3 : iL ≤ 0

C4 : t = nT = mod

(
t− T

2
, T

)
− T

2

(5)

The control signal is denoted as Iref and its calculation is found in Equation 6. Furthermore,
the error signal is calculated as the difference between the reference voltage and the capacitor
voltage.

Iref = kp e(t) + ki

∫
e(t) dt− A

T
mod(t, T ) (6)

Where A corresponds to the amplitude of the compensation ramp, kp to the value of the
proportional constant, and ki is the value of the integral constant.

To include the error integral, it is necessary to redefine the equations governing the circuit.
Therefore, Table 3 presents the new state space.
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Table 3: Differential Equations with the New State-Space Representation

Differential Equation Mode u Tn

ẋ =


− 1

RC
0 0

0 −R1

L1
0

−1 0 0



x1

x2

x3

 +


0

1
L1

Vref

Vin

Vin Charge 1 T1

ẋ =


− 1

RC
1
C

0

− 1
2L1

−R1

L1
0

−1 0 0



x1

x2

x3

 +


0

0
Vref

Vin

Vin MCC 0 T2

ẋ =


− 1

RC
0 0

0 0 0

−1 0 0



x1

x2

x3

 +


0

0
Vref

Vin

Vin MCD 0 T3

4 Simulations results

The modeling of power converters with differential equations and topology changes is equivalent
to the simulation of non-smooth, discontinuous systems that exhibit discontinuities. This is also
referred to as hybrid systems [12]. In this type of system, the exact time at which a state transition
(or state event) occurs is not known while the system is evolving. However, the conditions under
which a zero-crossing function can be generated in the algorithm are known. These functions
depend on the state variables or on time if it is a time event, i.e., if the switching time or the time
at which an event occurs is known. Furthermore, these functions must be continuously evaluated
in the algorithm to detect when a condition for the zero-crossing is met and the corresponding
state change is performed. To this end, the zero-crossing functions are entered into a vector for
each condition of each state [13].

For the simulation, a current limit of 30 amperes is considered. Table 4 presents the simulation
parameters.

The results obtained from the simulation of the converter under the configurations presented
in the previous section are outlined below. These results, derived from the proposed event-driven
model, are compared with those obtained using the commercial software PSIM in order to validate
the findings.

4.1 Open Loop

In the figures 9 y 10 the dynamic behaviour of the state variables is observed, validating the
response of the model under the established conditions.

From the figures presented above, it is observed that the behavior of the event-driven model
is reliable with respect to the operation of commercial software such as PSIM. It is noted that
in open loop, voltage regulation is achieved with an overdamped behavior and a settling time
of approximately 2 ms; however, it exhibits an overshoot of 50%, which makes the elements
vulnerable.
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Table 4: Simulation parameters

Element (Unit) Open Loop PCMC PCMC-PI

Vin (V) 24 24 24

L1, L2 (µH) 22 22 22

R1, R2 (mΩ) 1.31 1.31 1.31

R (Ω) 20 20 20

C (µF) 30 30 30

f (kHz) 50 50 50

d 0.72 – –

Ip (A) – 30 –

Vref (V) – – 100

kp – – 0.12

ki – – 1000

A – – 25

Figure 9: Open-loop voltage.

Figure 10: Open-loop current.
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Figure 11: PCMC voltage.

Figure 12: PCMC current.

4.2 PCMC

In the figures 11 and 12 the dynamic behaviour of the state variables is observed.
From the figures regarding the behavior of the converter controlled through PCMC, it is

observed that voltage regulation is achieved while satisfying the current limiting constraint, which
is beneficial for the circuit elements; however, the current exhibits a subharmonic behavior.

4.3 PCMC-PI

In the figures 13 and 14 the dynamic behaviour of the state variables is observed.
Finally, it is observed that upon implementing the PCMC-PI control, the converter achieves

voltage regulation with a stable current exhibiting a periodic 1−T orbit. It is additionally noted

Figure 13: PCMC-PI voltage.
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Figure 14: PCMC-PI current.

that the current flowing through the inductors is reduced, decreasing the stress imposed by this
state variable on the converter elements.

5 Future Work

The event-driven model developed in this work constitutes a technical foundation oriented towards
larger-scale applications in the field of renewable energy and energy storage. As a direct extension
of the results obtained, it is proposed to integrate the Buck–Boost converter as the main conversion
stage within a solar battery charging system. This scenario is of particular interest in regions with
high irradiance, such as the Colombian Caribbean, where climatic variability and grid conditions
render converter efficiency and control robustness critical performance factors [3].

To advance this proposal towards an experimental stage, it is envisaged to implement a maxi-
mum power point tracking (MPPT) algorithm directly integrated into the developed event-driven
simulator, taking advantage of the model’s capability to accurately detect the transition to dis-
continuous conduction mode through the event iL ≤ 0. This detection is particularly relevant
under conditions of partial shading or abrupt changes in irradiance, scenarios in which conven-
tional averaged models exhibit limitations in capturing transient dynamics. [6]. The development
of a physical prototype with embedded digital control is also envisaged, in order to experimentally
validate the results under real operating conditions. Furthermore, the extension of the stability
analysis of the -periodic orbit through the use of jump matrices and Floquet exponents is con-
sidered, which will enable the establishment of explicit design criteria for the parameters of the
PCMC-PI controller. [10].

6 Conclusions

This work has presented the modeling and event-driven simulation of a novel DC/DC Buck–Boost
converter topology. The proposed configuration enables the parallel charging of the inductors and
their series discharging, thereby reducing the size of the magnetic components and facilitating
the extraction of a higher current from the power source. It has been demonstrated that the
dynamic behavior of the converter can be fully described by three physically realizable operating
topologies, whose transitions are determined by zero-crossing conditions on the state variables.

The simulation results demonstrate that the event-driven model accurately reproduces the
system response in both transient and steady-state conditions, in agreement with the reference
commercial software. Additionally, it is shown that the compensation ramp in the PCMC-PI
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scheme extends the stability range of the converter and suppresses subharmonic behavior, thus
validating this control strategy as a robust solution for applications in renewable energy and
energy storage within the context of the Colombian Caribbean.
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