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Abstract: In this article, through using the theory of hybrid
dynamical systems, the boost converter was modeled as a
switching system. Then, by taking into account parameter
uncertainty, input disturbance, and variable state delay in the
presence of a switching with a constraint of average dwell time,
the design problem of fault diagnosis along with output feedback-
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based control- has been formulated as a multi-objective
optimization problem. Onel,-gain performance index guarantees
the robustness of the fault to disturbance; the other l,-gain
performance criterion guarantees the sensitivity of the residual to
fault. By adopting a switchable Lyapunov function, sufficient
conditions have been obtained for fault detection along with
control in terms of linear matrix inequalities. In this research, an
approximate method was used; that is, an averaged state-space
model of the boost converter. The simulation results showed the
effectiveness of the present approach.

Original Research Article

Paper History:
Received: 10/08/2022
Accepted: 18/12/2022

How to cite this article: Ejtahed, H., Pariz, N., Karimpour, A., "The Fault Diagnosis and Control of the Boost
Converter Switching System in Energy Conversion Systems", Energy Engineering and Management, Vol. 13, No. 2,
PP. 50-65, 2023. https://doi.org/10.22052/JEEM.2023.113711

© 2023 University of Kashan Press.

© 0

This is an open access article under the CC BY license.(http://creativecommons.org/licenses/by/4.0/)

Introduction

Electronic power converters play an essential role
in generating electrical energy from renewable
sources such as photovoltaic cells, wind turbines,
and fuel cells. These converters are also very
effective in reducing consumption and saving
electrical energy. New electric energy consumers
are often equipped with one or more electronic
power converter units. Boost converters are

among the converters that are widely used to
increase the voltage level in photovoltaic power
generation systems and electrical systems. These
converters are also used to correct the power
factor of AC consumers and to create
Regenerative Braking in electric drives. The fault
diagnosis of these converters has been the focus of
recent research. In this research, the averaged
state-space model of a boost converter is usually
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used, which is an approximate method. Through
using the theory of hybrid dynamical systems, the
boost converter was modeled as a switching
system. Then, by taking into account parameter
uncertainty, input disturbance, and variable state
delay in the presence of a switching with a
constraint of average dwell time, the design
problem of fault diagnosis along with output
feedback-based control- has been formulated as a
multi-objective optimization problem. One l,-gain
performance index guarantees the robustness of
the fault to disturbance; the other I,-gain
performance criterion guarantees the sensitivity of
the residual to the fault. By adopting a switching
Lyapunov function, sufficient conditions have
been obtained for fault diagnosis and control in
terms of linear matrix inequalities. The simulation
results show the effectiveness of the presented
approach.

Materials and Methods

First, the mathematical model of a boost
converter system was described as a switching
hybrid system. Then, the problem of designing a
fault diagnosis and control unit for switched
linear systems with time-varying state delay and
parameter  uncertainty were  formulated.
Sufficient conditions were also provided to
guarantee the stability of the augmented system
and to achieve the fault diagnosis along with the
control that was based on the definition of
performance indicators in one Theorem. The
minimum average dwell time allowed for
subsystems to be active to meet the mentioned
performance indicators was also calculated. In
order to carry out fault diagnosis successfully
and generate an alarm of its occurrence, the last
step after the design of the residual generator was
the evaluation of the residual signal. This step
included two tasks: generating the evaluation

function and determining a threshold.

Results

Through consideration of the results of the
Theorem and referring to the defined combined
optimization problem, the proposed design of
fault diagnosis and control in form of a design
problem led to a two-stage optimization
algorithm that solved linear matrix inequalities.
Then, it became possible to obtain the gain
matrices of the fault diagnosis and control unit.
The simulation results showed that --despite the
presence of disturbance input, time-varying state
delay, parameter uncertainty, and closed control
loop-- an effective detection of the boost
converter fault was early possible by the
controller/diagnoser when the fault occured.

Discussion and Conclusion

In this paper, based on the theory of hybrid
system, the boost converter model was presented
as a linear switching system. Then, a general
framework was designed for the fault diagnosis
and the control of linear continuous-time
switching systems affected by variable state delay,
parameter uncertainty, and input disturbance. By
using switching Lyapunov functions and multi-
objective gain optimization problem solving,
sufficient conditions were developed for the
existence of a fault diagnosis and control filter
based on the average dead-time technique. The
proposed plan was designed for the switching
model of the boost converter, which showed the
effectiveness of the simulation results of the
proposed design. The advantage of combining
fault diagnosis and control was the fact that the
occurrence of a fault could not be hidden by the
act of control and effective diagnosis of the fault
was possible when the fault occurred.
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