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Abstract. This paper presents the process of implementing and commissioning a control system for a buck-
type DC-DC converter using the Imperix B-Box Rapid Control Prototyping (RCP) platform. The main
objective of the study was to design and experimentally validate a digital output voltage controller developed
in the MATLAB/Simulink environment and directly deployed on the hardware platform. The paper
describes the overall system architecture, the implementation procedure of the proportional—integral (PI)
control algorithm, and the experimental results confirming proper system operation. The obtained results
demonstrate that the Imperix B-Box RCP platform is an effective and flexible tool for rapid prototyping of

control algorithms in power electronics applications.

1 Introduction

The development of modern power electronic systems is
closely linked to the growing demand for efficient,
compact, and flexible energy conversion devices. One
of their most popular components is DC-DC converters,
widely used in modern power supplies, PV systems,
energy storage units, and electric vehicles. They can
change the level of DC voltage with high efficiency,
making them important elements between sources and
loads with different requirements.

Rapid Control Prototyping (RCP) is increasing

popularity in control systems design. It creates a simple
way from a simulation model to implementation on a
real device without the need for manual microcontroller
programming. This approach significantly shortens the
design process, reduces the risk of errors, and facilitates
comparison of simulation and experimental results.
In educational and research applications, RCP platforms
are used as effective tools supporting learning and
experimentation in power electronics and automation.
They allow users to quickly combine theoretical
knowledge with practice by implementing control
algorithms and observing their operation on physical
systems.

The aim of this work is to implement and analyse the
operation of a classical PI controller for a buck-type DC-
DC converter using the Imperix B-Box RCP platform.
The paper presents the process of system design,
MATLAB/Simulink implementation, hardware
configuration, and experimental results confirming the
effectiveness of the Imperix platform as a tool for rapid
prototyping of control systems in power electronics.
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A key motivation for this study is that Buck converters
are often a benchmark system for validating control
concepts: their dynamics are well researched and
described many times, and the resulting design rules
transfer directly to more complex multi-phase or
multilevel converters. This work therefore positions the
proposed laboratory set as a reusable template for many
extensions (e.g current mode control, fuzzy logic
control, multi-objective regulation etc.)[1]

2 Buck type DC-DC converter

A buck converter is one of the most popular types of
DC-DC converters, designed to reduce the input voltage
while maintaining the direction of power flow from
source to load. It is widely used in switched mode power
supplies and in modern power electronic systems
installed in electric vehicles, photovoltaic installations,
and household applications.
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Fig. 1. Basic circuit of DC Buck-Type converter.

A semiconductor switch, typically a MOSFET or
IGBT- freewheel diode [D]- inductor [L]- filtering
Capacitor [C]- Load [R]

In typical operation, the switching transistor is
periodically turned on and off at a fixed switching
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frequency (fs). When the transistor conducts, energy is
delivered to the inductor and load; when it is off,
inductor current flows through the freewheel diode,
maintaining energy transfer to the load.[2]

The relationship between input and output voltage
(in steady state, ignoring losses and assuming
continuous conduction mode) is:

Uoyr = Dy, * Uy (1)

where Dy, is the pulse duty cycle, which is defined as
the ratio of the transistor conduction time
(ton) to the total switching period (Ts):

tOTL
Dy, = oo )

N

Due to its simplicity, the buck converter is an ideal
object for studying digital control in power electronics.
For this reason, it was selected as the reference model
for implementing a voltage controller on an RCP
platform

3 Design and implementation of the
control system

The purpose of designed control system is to maintain a
constant output voltage [Uour] value at a desired level,
independent of variations in input voltage [Um Jand load
value [R]. To achieve this, a classical proportional-
integral (PI) controller was used. This type of controller
offers good regulation quality with moderate
implementation difficulties.

In the RCP setting, the control loop is executed
directly on the RCP platform (DSP/FPGA based), which
is especially important for power converters, where
timing jitter directly appears as duty cycle variability
and may cause ripple and unpredictable behaviour in
transient states.[3]

Table 1. Analysed system parameters

Parameter Value
U 15-25V
Uour 10V
R 8Q
L 2,2mH
C 220pF

The selected values were chosen experimentally,
based on existing laboratory components. The circuit is
designed to maintain the converter in CCM mode within
the expected load current range, ensuring that the LC
time constant remains much slower than the switching
frequency (20kHz). This separation is the standard

procedure for using averaged models and achieving
clean output control dynamics.[4]

4 Implementation of controller

parameters

The buck converter can be represented as a second-order
system with the transfer function seen on 3:

1
LC2+Es+1

G(s) = ®)

Regulation factors were obtained experimentally:
Kp=0.08, Ki=1.

A simple change of parameters and the simulation
capabilities of the Simulink environment with libraries
offered by the manufacturer of the RCP platform played
an important role in simplifying the selection process.
To bridge the gap between continuous-time design and
real time implementation, the PI control is mapped to its
discrete form (controller update at the control sampling
instant), which is standard execution mode in the RCP
platform. This also makes the tuning results directly
transferable to other converters built on the same
platform.[5]
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Fig. 2. Bode diagrams for selected controller settings.

The LC resonance frequency is approximately 229
Hz, which is the most sensitive point for gain and phase
variations. For the selected PI gains, the loop crossover
frequency lies between 280 and 350 Hz - above the
resonance and far below the switching frequency of 20
kHz. This ensures that the controller is not affected by
switching of the transistor.

The phase margin is approximately 42° at 12 V and
decreases at higher voltages but remains sufficient for
stable operation. Bode plots confirm that the chosen PI
parameters are appropriate.

Placing the crossover above the LC resonance
improves rejection of disturbances in the while of input
voltage steps, while keeping it well below the switching
frequency. It reduces sensitivity to PWM quantisation.
This design principle is consistent with established
switching regulator loop shaping guidance in the
literature.[6]
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5 Simulation model For this purpose standard blocks of the Simulink
environment, as well as specialized libraries provided by

Simulations were performed in MATLAB/Simulink, the RCP system manufacturer, were used. These

modelling both the LC filter dynamics and the switching libraries reflect the actual functionalities of power

behaviour of the MOSFET module. The study included modules, input/output interfaces, and measurement

system response to input voltage changes from 15 V to transducers — allowing direct mapping of the

25 V. Rise time, overshoot, oscillation damping, and simulation model logic onto the physical system. This

long-term stability were analysed. significantly simplifies the integration process and
The simulation model was developed as a set of reduces the risk of transfer errors.

cooperating subsystems whose structure reflects the

logic of a real power-electronics system. The first , vt vsace vt otge

subsystem implements the control algorithm, the uilf ol

procedure for computing the duty cycle, and the il |

generation of PWM signals used to drive power ;:l‘, % I

transistors. The implemented functions enable detailed il F S L & V\

analysis of the controller behaviour and verification of J o )

the control dynamics under a wide range of operating 1 e M T

conditions.[7] ik e P Aeikeralial bbbtk
The second subsystem contains a model replicating o

the characteristics of the real converter, taking into »

account both component parameters and the structure of 55

the power circuits. Within the model, it is possible to :
quickly modify parameter values as well as to change
the converter configuration, which facilitates T T e T T
comparative studies and evaluation of different design
variants. This allows early detection of potential
hardware or software problems and enables
optimization of operating parameters before
implementation on physical hardware. Moreover, the
designed architecture enables easy switching between
the simulation mode and real operation using the RCP
Platform. v USER VARIABLES

Fig. 5. Experimental selection of regulator settings. Operation
with various regulator settings. Input voltage is marked in
yellow, output voltage in blue.
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Fig. 3. Control system model with PI controller. Red blocks
are provided by RCP platform vendor.

rﬁ - The model also includes an additional set of blocks
r’@ that allow defining and modifying selected variables and
S operational parameters in real time, without the need to
stop the system operation. These blocks enable

*D  configuration of specific input and output channels,
selection of measurement-transducer models, and
assignment of reference or limit values. Such a solution
increases the flexibility of the environment and makes it
suitable both for rapid prototyping and systematic

Fig. 4. Power circuit model for simulating converter experimental studies under conditions close to real
behaviour. operation. The simulation time was 0.1 s. Halfway

Fig. 6. “Imperix Cockpit” interface. Parameters can be
changed by one click- without the need to compile the
program.
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through the simulation, the converter input voltage
increased stepwise from 15 V to 25 V. The control
system was required to maintain a stable value of output
voltage.

6 Validation on physical object

As part of the real experiments, a detailed evaluation of
the dynamic response of the buck converter controlled
using the Imperix B-Box RCP platform was conducted.
The experiments covered both steady-state operation as
well as the system’s reaction to abrupt changes in
operating conditions-particularly variations in input
voltage. During the tests, the converter was supplied
with an input voltage ranging from 12 V to 25 V,
allowing for assessment of the PI controller’s ability to
compensate for disturbances. Recorded waveforms
showed that after a step increase of the input voltage, the
controller quickly restored the output voltage to the
reference value of 10 V, exhibiting minimal overshoot
and a short settling time. These results confirm the high
stability of the control loop and the effective integration
of the control algorithm with the RCP platform.

=

Fig. 7. Physical verification eststand. Programmable DC
power supply and a PEB8024 SiC Half-bridge power modules
produced by Imperix.

Fig. 8. Physical verification test stand. Elements of a Buck
Converter.

Experimentation = was  performed in two
complementary acquisition paths: a standpoint

oscilloscope (for reference-grade timing and analog
fidelity) and the Imperix Cockpit logging (for
synchronized access to controller variables and easily
repeatable parameter sweeps). The close match between
these two views is a practical indicator that the RCP
measurement chain (ADC sampling, scaling, and time
alignment) is correctly configured—an important
checkpoint in rapid prototyping workflows.
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Fig. 9. Waveform of output voltage value recorded with an
oscilloscope.

Fig. 10. Waveform of output voltage value recorded with
Imperix Cockpit software.

The obtained experimental results demonstrate very
strong agreement between real measurements and
simulation outcomes, confirming the accuracy of the
converter model as well as the precision of the
implemented control algorithm.

7 Conclusion

The RCP platform proved to be a highly efficient tool
for rapid prototyping of control systems in power
electronics. It enabled a smooth transition from the
simulation model to the physical device, eliminating the
need for manual coding and significantly reducing the
time required for parameter tuning. Oscilloscope
measurements and data recorded in Imperix Cockpit
confirmed strong alignment between the converter’s real
response and  simulation predictions.  Minor
discrepancies were consistent with expectations and
primarily resulted from non-ideal characteristics of
power components and measurement delays.
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Ultimately, the study showed that the implemented Diagnosis (ICCAD), 1-6 (2018).
control system provides stable operation, strong https://doi.org/10.1109/ICCAD.2018.8335160
disturbance rejection, and fast dynamic response. The
work highlights the suitability of RCP platforms for both
educational and research applications, as well as their
potential in the development of modern power
electronic systems. The main sources of residual
mismatch between simulation and hardware are typically
parasitic resistances and component tolerances,
switching transitions and dead time, ADC quantization
and scaling errors, and computational and I/O latency in
the control loop. In the present setup, these effects mainly
manifest as slightly different transient overshoot and
settling time compared with the ideal average model;
however, they remain within the expected envelope for a
first-pass Pl design using an RCP workflow. Future
iterations can reduce the gap further by identifying an
effective series resistance for L and C from steady-state
measurements, enabling explicit dead-time
compensation, and moving from voltage-mode PI to
current-mode or multivariable structures when higher
dynamic performance is required.
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