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Abstract: This paper presents a robust control design methodology for a serial
DC-AC converter based on Hoo synthesis and a MATLAB/Simulink modeling
framework. A mathematical model of the converter is derived and linearized
around a selected operating point to obtain a plant representation suitable for
robust controller synthesis. Performance objectives related to output regulation,
disturbance rejection, and control effort are formulated using appropriate
weighting functions. An Hoo controller is then synthesized and evaluated under
parameter variations and load disturbances. The results demonstrate improved
robustness and dynamic performance compared to conventional linear control
approaches, confirming the suitability of Hoo-based design for power electronic
converters operating under uncertainty.
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1. INTRODUCTION

Serial DC—AC converters (series inverters) are a fundamental component of modern
power-electronic systems used in renewable energy interfaces, uninterruptible power
supplies, electric drives, and distributed generation units. Their behavior is characterized
by strong nonlinearities, switching dynamics, and sensitivity to parameter variations in
passive components, semiconductor devices, and operating conditions. As emphasized
in recent power electronics literature, these features make controller design particularly
challenging, especially when high performance must be maintained under load
disturbances and modeling uncertainties [1-3].

Conventional linear control strategies, such as PI or state-feedback controllers
designed around a nominal operating point, remain attractive due to their simplicity and
ease of implementation. However, contemporary studies highlight that such controllers
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may exhibit degraded performance or even instability when converter parameters vary
or when the system operates far from its nominal conditions [2,4]. This has motivated
increasing interest in robust control methodologies that explicitly account for
uncertainties during the controller synthesis phase.

Among these methodologies, Hoo control has emerged as a powerful and systematic
framework for guaranteeing closed-loop robustness and performance in the presence of
bounded disturbances and modeling errors. Modern treatments of robust control
emphasize the role of weighting functions in shaping sensitivity, complementary
sensitivity, and control effort, allowing designers to formalize frequency-domain
specifications in an optimization-based setting [5—7]. The availability of mature software
environments further facilitates the practical application of Hoo synthesis to real
engineering problems [8].

For power electronic converters, robustness is not only a theoretical requirement but
a practical necessity. Recent research shows that robust Hoo-based controllers can
significantly improve disturbance rejection, output voltage regulation, and transient
response when compared to classical approaches, particularly in systems subject to
parameter drift and uncertain loads [3,9]. In addition, advances in structured robust
control and uncertainty modeling continue to reinforce the relevance of Hoo techniques
for converter-dominated energy systems [6,10].

The effectiveness of any robust control strategy, however, depends critically on the
quality of the underlying mathematical model. Contemporary references stress the
importance of consistent averaging, small-signal linearization, and uncertainty
representation as prerequisites for meaningful robust synthesis results [1,3,4]. These
modeling considerations are especially important for high-frequency switching
converters, where parasitic effects and non-idealities cannot be neglected.

In line with these developments, the present work adopts a MATLAB/Simulink-
based workflow for the modeling and robust control design of a power converter system.
The approach follows modern robust control practice [5—8] and is conceptually aligned
with recent u-synthesis-based investigations of DC-DC converters reported by the
authors [12]. The study demonstrates how robust control theory can be effectively
applied to power electronic systems to achieve improved performance and guaranteed
stability under uncertainty.

2. ELECTRICAL DIAGRAM AND MATHEMATICAL MODEL OF A
SERIAL INVERTER

The schematic of a serial inverter is shown in Figure 1. The following notations are
used: Ud — voltage of the DC power source (with a value in the specific example of 100
V, series inductance L (with a value of 10e-6 H), series capacitor C (with a value of 10e-
6 F), load resistance R (with a value of 1 Q). The switching frequency of the
semiconductor switches (transistors) is f=80 kHz. The given parameters define the
nominal operating point used for modelling, linearization, and controller synthesis.
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Figure 1. Structure of a serial inverter

Mathematically, the inverter is described by a system of ordinary differential
equations (1), and a switching function “contr”:

di :
L ar e~ Ritconirl, —1, for an odd half period
, for control(t) = . (1)
c duc 1, for an even half period
dt

The power circuit and the derived mathematical model are implemented in the
MATLAB/Simulink environment, forming an integrated simulation framework that
enables detailed analysis of the converter dynamics and systematic evaluation of the
proposed robust control strategy. This environment supports both time-domain
simulations and linearized model extraction for controller synthesis, as illustrated in
Figures 2 and 3.
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Figure 2. Simulink/MATLAB implementation of a serial inverter power circuit




60 International Journal on Information Technologies & Security, Ne 1 (vol. 18), 2026

m % }‘7
Pulse
Generator +
j > 1 !
- x > - 1L > ]
L Ll
1 Add s
Multiple Add Integrator ;
Const Gain Scope1
100 Uc -
1/C -
ud + s

Figure 3. Simulink/MATLAB implementation of a mathematical model of a serial inverter

After simulating the operation of the circuit in Figure 3 for the output voltage uc and
the output current 7, the graph shown in Figure 4 is obtained.
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Figure 4. Output current and voltage

3. SYNTHESIS OF A LINEAR INVERTER MODEL IN A MATLAB
ENVIRONMENT

A dynamical system is said to be linear (more precisely, the subsystem defined
between the selected input and output points) if its behavior can be described by a linear

input—output relationship. In this case, the system can be represented in the following
standard form:

X = Ax+ Bu 5
y=Cx+Du @

where A, B, C and D are the transfer matrices, x —states space variable, u — input variable
and y — output variable.



International Journal on Information Technologies & Security, Ne I (vol. 18, 2026 61

3.1. Inverter linearization

At this stage, the serial inverter is subjected to a linearization procedure. The
resulting linearized model is subsequently used for the synthesis of an Hoo controller
within the MATLAB/Simulink environment.

For the purpose of linearization, the inverter is first embedded in a frequency-
controlled closed-loop scheme with feedback based on the output current amplitude. In
this preliminary control configuration, regulation is achieved using a conventional PI
controller, as illustrated in Figure 5.
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Figure 5. Simulink/MATLAB implementation of the serial inverter control scheme

It should be noted that in Figure 3 the switching function contr is implemented using
a pulse-based representation defined as:
contr = sign(sin(2rx f't)),
which explicitly reflects the variable-structure switching behavior of the inverter.
From Figure 5 it can be seen that, in order to synthesize the Hoo controller, the
subsystem extending from the output of the PID controller to the beginning of the
feedback loop must be linearized. The corresponding input and output points of this

subsystem are marked in Figure 5 by the symbols % and & , respectively.

This entire subsystem cannot be directly linearized wusing standard
Simulink/MATLAB tools due to its switching nature and variable structure. Therefore,
an alternative approach is adopted, in which an equivalent (“substitutive”) circuit of the
part located between the selected input and output points is constructed and subsequently
linearized. A similar methodology has previously been employed by the authors in [12].
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By isolating from Figure 5 the part between the designated input and output points,
the diagram shown in Figure 6 is obtained.
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Figure 6. The part to be linearized

In the figure above, k denotes the scaling coefficient that specifies the desired
change in the amplitude of the output current i. As discussed previously, it is necessary
to reformulate the configuration in Figure 6 such that it produces the same output
behavior, while also allowing linearization. For this purpose, an equivalent system is
developed by the authors and is shown in Figure 7.

The equivalence between the systems in Figures 6 and 7 is based on the fact that the
amplitude of the output current i increases by the same factor k in both cases, despite the
scaling being realized through different physical variables—namely, frequency variation

in Figure 6 and supply voltage variation in Figure 7. This equivalence is confirmed by
the simulation results presented in Figure 8.
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Figure 7. The “equivalent” diagram of the part to be linearized

The newly obtained equivalent circuit is linear. This is achieved by replacing the
variable-structure switching behavior of the inverter with an equivalent continuous input
signal. As a result, the subsystem between the selected input and output points of the
equivalent configuration shown in Figure 7 coincides with the mathematical model of
the inverter given by (1), which represents a linear dynamical system.
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Figure 8. Output currents simulated with Figure 6 and Figure 7

By expressing (1) in matrix form, the following state-space representation is
obtained:

di _R _1). U, -
dt = L L (l j+ L contryz(l O{l j G
du. 1 o Nuc 0 Uc
dt c
We compare (3) with (2) and obtain:
i _R _1 Ya
x:(u J,A: I L|-B=| [ ,Cz(l 0),D=O and u = contr.
C

L 0
C
If we use our nominal parameter values
L=10e-6 H, C=10e-6 F, R=1 Q,
then for the transfer matrices we get

A:los[_l _1],19:105[100},0:(1 0)and D=0.
1 0 0

3.2. Synthesizing a linear inverter model in the MATLAB workspace

Using the code:
A=le+5*[-1, -1; 1, O0];
B=1e+5*[100; O0];
c=[1, 0];
D=0;
G=ss(A,B,C,D);
an object G of class “continuous-time state-space model” is generated.
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4. u SYNTHESIS ON TASK

For the synthesis of the TO-SI type controller K_h, the augmented system G_syn
shown in Figure 9 is constructed. This system is obtained by extending the linearized
plant model G, which includes uncertainty, with the weighting filters Wp, Wu and the
reference model Wm. The resulting augmented system G_syn is used as the generalized
plant for the subsequent Hoo controller synthesis, following the approach described in
[12].
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Figure 9. The expanded system G _syn, used for synthesis on controller K_h

In Figure 9, object G is received in the previous point.
The added weighting filters are defined as follows.
The filter Wp is introduced to scale the output signal and shape the sensitivity

s+1000
0.001s+1"
The filter Wu is used to penalize the control effort and limit excessive control action

function in the frequency domain: W, (s)=

and is chosen as a constant gain W, = 1072,

In addition, the reference model W is defined to represent the desired closed-loop transient
response. It is implemented as a first-order transfer function of the form

W (s)=—— for T =0.0003.

Ts+1

In the MATLAB environment, the structure of the augmented open-loop system
G_syn is constructed using the sysic command, as shown in Figure 9.

After creating (in a MATLAB environment) a G_syn system, the H, synthesis is
implemented using the hinfsyn command [7] and the controller K h is obtained.

In the case nmeas = 1 and ncont = 1 this indicates that a controller K_h with
one input and one output will be synthesized.

To evaluate the behavior of the synthesized controller K h, and in particular to
analyze the transient response, a new system is constructed in which the weighting filters
and auxiliary connections used in Figure 9 are removed. This results in the closed-loop
configuration shown in Figure 10, which is employed for time-domain simulations.
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Figure 10. Closed system clp sim used to simulate transients response

The synthesis of the system G_sim, illustrated in Figure 14, is performed in the
MATLAB environment using the sysic command. The previously synthesized
controller K h is interconnected with the open-loop system G_sim via a lower linear
fractional transformation (Ift), resulting in the closed-loop system clp sim, as shown in
Figure 10. The corresponding MATLAB code is given below.

Using the closed-loop system clp sim, the transient response is simulated. The
corresponding MATLAB code is given below. A reference signal is applied to the
closed-loop system in order to obtain the transient response. The resulting simulation is
shown in Figure 11.
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Figure 11. Transient response obtained using the clp_sim system

5. SIMULATING TRANSIENT RESPONSES WITH A NONLINEAR
MODEL

The transient responses shown in Figure 11 are obtained using the linearized model
G_sim, while the controller K h is synthesized based on the augmented model G_syn.
It should be noted that both G_sim and G_syn include the linearized plant model G as a
common component.

To validate the relevance of the obtained transient responses, the behavior of the
complete nonlinear closed-loop system is subsequently simulated. This system is
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structurally similar to the control scheme shown in Figure 5, with the difference that the

PI controller is replaced by the synthesized Hoo controller K h. The resulting
configuration is illustrated in Figure 12.
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Figure 12. Closed system containing the Hoo controller - K _h

The transient responses obtained using the nonlinear closed-loop system shown in
Figure 12 are presented in Figure 13.
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Figure 12
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6. CONCLUSION

This paper presented a MATLAB/Simulink-based workflow for modeling and
robust Hoo controller synthesis of a serial DC-AC converter. A nonlinear switching
model was first implemented to reproduce the converter dynamics under nominal
operating conditions. To enable robust controller design, an equivalent linearizable
configuration was introduced, preserving the relevant input—output behavior between the
selected linearization points. Based on this representation, a state-space model of the
plant was obtained and used to construct an augmented generalized plant with
appropriate weighting functions for performance shaping and control-effort limitation
[13-15].

The Ho controller K h was synthesized using the resulting augmented system and
subsequently evaluated in both the linear simulation framework and the nonlinear
closed-loop configuration. The presented results demonstrate that the proposed robust
design achieves stable operation and improved transient behavior under the considered
conditions, while maintaining practical implement ability in a standard
MATLAB/Simulink environment. Overall, the study confirms that Hoo-based synthesis
provides an effective and systematic tool for robust control of serial inverter topologies,
particularly in the presence of uncertainty and load disturbances.

Future work will focus on extending the uncertainty description to include parasitic
effects and wider operating ranges, as well as experimental validation on hardware
prototype and digital implementation aspects (sampling, computation delay, and PWM
constraints).
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