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Abstract: Three-phase grid-connected inverters (GCIs) are essential components in distributed generation
systems, where the accuracy of current measurement circuits is fundamental for reliable closed-loop operation.
Nevertheless, the presence of a DC offset in the measured current can disrupt the regulation of grid currents and
significantly degrade system performance. In this work, a fault-tolerant control approach is introduced to
counteract the impact of such offset faults through a dedicated current compensation mechanism. The proposed
solution is built around two main stages: (i) detecting and isolating DC offset faults that may appear in one or
multiple phases of the measured grid currents, and (ii) estimating the fault magnitude and reconstructing the
corrected current signal. The offset magnitude is obtained analytically by examining the grid current projected
onto the synchronous d-axis at the grid angular frequency, eliminating the need for any additional sensing
hardware. Simulation and experimental investigations conducted under several fault scenarios confirm the
robustness of the proposed strategy and highlight significant improvements in detection speed and diagnostic

accuracy.
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I. INTRODUCTION

With the steady rise in global electricity demand, renew-
able-based distributed generation has become increasingly
prominent in modern power systems. Grid-connected in-
verters (GCIs) constitute the essential interface between
these distributed energy resources and the utility grid.
Among the various GCI architectures, cascaded H-bridge
multilevel inverters (CHBMLIs) are particularly attractive
thanks to their modular design, ability to produce high-
quality output waveforms, and lower switching losses.
These advantages make CHBMLI solutions highly suitable
for applications involving photovoltaic and wind energy
sources [1]. GCIs are generally exposed to two broad
categories of faults: electrical faults and measurement-
related faults. Electrical faults often arise from open-circuit
or short-circuit failures in power semiconductor switches
[2]. While short-circuit issues are commonly handled
through dedicated hardware protection circuits, the majority
of recent studies have concentrated on diagnosing and
mitigating open-circuit failures [3-6].

In parallel, measurement circuits (MCs) are crucial for
supplying accurate real-time feedback to the control system,
and any degradation in measurement quality can signifi-
cantly affect overall inverter performance [7]. For this
reason, the present work focuses on fault-tolerant control
(FTC) in the presence of single-phase or dual-phase current
measurement faults (CMFs). Ensuring reliable operation
under such conditions requires precise fault identification
and the deployment of an appropriate FTC mechanism.

An effective FTC scheme relies on accurate fault
diagnosis, since an incorrect assessment may trigger an
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inappropriate control action and potentially cause addi-
tional system failures. Existing approaches for fault detec-
tion and identification are generally grouped into three main
classes: model-based methods [8], signal-based methods
[9], and data-driven methods [10]. Compared to the first two
categories, data-driven approaches offer superior adaptabil-
ity and robustness, particularly when dealing with systems
exhibiting complex or nonlinear behaviors [10—14]. These
methods also avoid the need for an accurate analytical
model; instead, they exploit historical fault data to establish
relationships between observed fault signatures and their
corresponding categories.

Within data-driven diagnostic frameworks, various
signal processing and feature extraction techniques are
used to enhance distinguishable fault characteristics. For
example, the works in [10,11] employ Fourier and Wavelet
transforms to analyze raw signals. While the Fourier trans-
form provides a clear representation of frequency compo-
nents, it disregards temporal information. Conversely, the
Wavelet transform offers a joint time—frequency represen-
tation, enabling a more detailed and informative characteri-
zation of fault-related patterns [12].

To extract meaningful fault-related characteristics, the
study in [13] applies principal component analysis to
identify voltage fault signatures in the frequency domain,
while [14] employs the ReliefF algorithm to select the most
informative features. These two approaches address com-
plementary objectives: the former prioritizes retaining the
maximum amount of signal information during feature
extraction, whereas the latter emphasizes improving the
discriminative power of the selected features for classifica-
tion tasks.

Most data-driven diagnosis frameworks depend on
predefined monitoring variables. Although substantial
research has focused on extracting and processing fault
features, comparatively less attention has been given to
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determining which monitoring signals are most effective. In
[15], a genetic algorithm is used to select the optimal fault-
relevant variables for each fault type, with a principal
component analysis model built for each chosen subset.
Reference [16] introduces several cost functions that quan-
tify the contribution and discriminative capability of origi-
nal signals for various faults. Additionally, [17] adopts a
maximum relevance—minimum redundancy criterion
within a distributed structure to identify the most informa-
tive variables for each subsystem. These techniques share
the goal of evaluating and selecting monitoring signals that
enhance diagnostic performance through well-defined
assessment metrics.

Such methods are commonly applied in large-scale
dynamic systems where establishing accurate mathematical
models is difficult. Even though a mathematical represen-
tation of a GCI can be formulated, determining exact
parameter values remains challenging in practice. For these
systems, the selection of monitoring signals is often based
on the correlation between candidate variables and the
target diagnostic indicators [18—19]. When a detailed and
reliable model, such as that of a GCI, is available, it
becomes important to introduce new strategies for identi-
fying the most appropriate monitoring signals.

In recent years, numerous FTC schemes have been
proposed for power converters, particularly to address
current sensor malfunctions [19-22]. These methods
generally fall into two major categories: observer-based
approaches and signal compensation techniques. Observer-
based structures offer fast fault detection and rapid control
reconfiguration. For example, [19] estimates angular veloc-
ity and constructs a stator flux observer to isolate sensor
faults in motor drives, thus maintaining continuous opera-
tion. Likewise, [20] develops multiple observers capable of
detecting and handling one or two faulty sensors in motor
drive systems. However, these observer-dependent techni-
ques typically require accurate system models, which be-
comes increasingly difficult for complex converter
architectures such as CHBMLIs due to their modular
structure, numerous switching devices, and nonlinear
dynamics.

To reduce the dependence on accurate mathematical
models, signal compensation-based solutions have attracted
increasing attention, especially for CHBMLI architectures.
These approaches attempt to reconstruct faulty measure-
ments directly from available signals, avoiding the need for
detailed system modeling. For instance, [21] proposes a
model-independent compensator capable of correcting sen-
sor inaccuracies while maintaining a low computational
load. In a similar direction, [22] restores faulty current
measurements by exploiting information from the remain-
ing healthy phases. Although such techniques show prom-
ising results, they are often developed for motor-driven
applications and are generally restricted to scenarios involv-
ing only one or two faulty sensors. Furthermore, the influ-
ence of the closed-loop control dynamics on the fault
signatures is frequently overlooked, which can degrade
the reliability of the diagnostic process.

Beyond model-based and signal-level methods, data-
driven diagnostic techniques have also been investigated.
These methods rely heavily on the formativeness of the
diagnostic signals. Current measurements, however, are
highly sensitive to variations in load conditions, which
may hinder fault discrimination [13]. To address this issue,
some works instead utilize inverter output voltage as the
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diagnostic variable [23]. Nonetheless, the characteristics of
voltage-based faults are strongly shaped by the current
control loop under grid-connected operation, potentially
reducing detestability [24]. Advanced control strategies
have therefore been introduced to improve the dynamic
behavior of grid-connected converters [25-27], generally
formulated in either the synchronous dq frame or the
stationary off frame [28,29]. Since both transformations
depend on the currents measured by the sensing circuit, any
measurement fault may distort the transformed quantities,
diminish fault-related features, and negatively impact diag-
nostic performance.

A recent work in [30] presents an observer-based FTC
approach dedicated to detecting and compensating multiple
current sensor offset faults in GCIs. The method is imple-
mented in the aff frame and relies on an auxiliary current
sensor to support fault estimation and ensure proper control
reconfiguration. While effective, this strategy requires accu-
rate system modeling and additional hardware, which can
limit applicability in modular converter structures and
increase implementation cost. In contrast, the method devel-
oped in this paper is entirely model-free and does not require
supplementary sensors. The proposed scheme analytically
estimates the magnitude of current offset faults through
frequency domain evaluation of the direct-axis current com-
ponent in the synchronous dq frame, making it particularly
well suited to CHBMLI-based grid-connected systems.

This work introduces a novel FTC strategy aimed at
compensating offset faults occurring in the three-phase
current measurement circuits of GCIs. The approach
does not rely on parameter knowledge or extra instrumen-
tation. By applying frequency domain analysis to the d-axis
current, a residual-driven detection mechanism is
formulated, enabling precise fault identification and rapid
signal correction. Consequently, stable closed-loop perfor-
mance is maintained even under faulty measurement
conditions.

The main contributions of this work can be summa-
rized as follows. First, a fully model-free fault detection and
compensation approach is developed to address DC offset
faults affecting current sensors in three-phase grid-con-
nected CHBMLI systems. The proposed method enables
an analytical estimation of the fault magnitude directly in
the synchronous reference frame, eliminating the need for
observers or additional sensing hardware. A real-time
compensation mechanism is then implemented to recon-
struct the corrupted current measurements, ensuring
continuous and stable operation of the closed-loop control
system. Moreover, the technique is capable of managing
both single-phase and dual-phase sensor faults while
maintaining robustness against variations in system param-
eters. The remainder of the paper is organized as follows:
Section II introduces the problem formulation, Section IIT
details the proposed Fault Detection and Isolation (FDI)
scheme and the offset compensation strategy for the current
measurement circuit, Section IV presents simulation and
experimental results, Section V provides an analysis and
discussion of the limitations of the proposed FTC approach,
and Section VI concludes the paper.

Il. PROBLEM DESCRIPTION

Figure 1(a) presents the block diagram of a three-phase
CHBMLI with voltage levels connected to the electrical
grid. Each inverter leg is composed of nnn fundamental
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Fig. 1. (a) Block diagram of a grid-connected inverter and (b) error factors in current measurement circuit.

H-bridge modules. Utilizing grid information provided by
the phase-locked loop (PLL), the measured phase currents
are transformed from the abc reference frame into either the
synchronous dq frame or the stationary off frame to facili-
tate accurate control and reference tracking. The resulting
current control outputs are used to generate the modulation
voltage, which is then applied to the carrier phase-shifting
pulse width modulation (CPS-PWM) strategy to produce
the PWM signals required for switching the inverter de-
vices. The mathematical model of the inverter can be
expressed as follows:

Riy,. +L

di

;tbc + Vgabc = Vahc (1)
where L denotes the filter inductance and R represents the
corresponding series resistance. The term i, indicates the
grid current, and V. refers to the grid voltage measured at
the point of common coupling.

To illustrate the measurement process, a conventional
PI-based current control loop is considered in which the
measured currents ideally coincide with the actual grid
currents (i, ip, ic). These currents are acquired through
the measurement chain shown in Fig. 1(b), which typically
consists of Hall-effect sensors, a signal conditioning stage,
filtering circuits, and an ADC. Despite its widespread use,
this measurement path is vulnerable to several types of
errors, including scaling inaccuracies and DC offset faults.
Such faults may originate from the sensing element, from
nonideal behaviors in analog circuitry, or from the ADC
interface. For example, because the ADC input is refer-
enced to ground through a grounding resistor, a fault can
cause the sampled analog voltage to drift from its nominal
level. Under healthy operating conditions, the grid currents
can be expressed as shown in (2):

iy(t) = I, cos(w,t)
2
ip(t) =1, cos (a)gt - g)

i.(t) =1, cos (a)gt + 2{) 2)
where the term /,, denotes the peak value of the grid current.
When a DC offset fault occurs in the current measurement
stage, each sensor introduces a constant bias. This offset,
denoted by Dy, [15], reflects the undesired deviation added
to the actual current. Consequently, under an offset fault,

the three-phase currents delivered by the measurement
chain can be expressed as:

iam(1) = i(t) + D,

ipm (1) = (1) + Dy
em (1) = i(t) + D, ©)
The influence of offset faults on the control system is
analyzed in the synchronous dq reference frame. The
measured currents transformed into this frame are expressed
in (4). In this representation, the id and iq components
exhibit distinct frequency characteristics: one corresponds
to a DC term, while the other oscillates at the grid’s angular

frequency. These behaviors are summarized in (5) and
further discussed in the following analysis:

() | __| a1 () +ia2(2) )
iq(t) iq,l (t) + iq,2(l)
The d-axis current is expressed as:
ig,1 (t) =1,
ia2(t) =2/3((Dy — D)cos(wyt)
+ (Dp — D, )cos(w, — 27/3)) )
The ¢ axis current is defined as:
iq,l (t) = 0
ig2(t) = =2/3((D, — D,)sin(w,t)
+ (Dp — D.)sin(w,t — 27/3)) (6)
iq 7 and i, ; are the dc components, while i; , and i, are
the AC ripple signals at w,.
As shown in (5) and (6), the d-axis current contains a
DC component superimposed with ripple terms oscillating
at the grid angular frequency. Conversely, the g-axis current
is composed solely of these AC ripple components.
The frequency analysis along the d-axis current, illus-
trated in Fig. 2, reveals the presence of a DC component and

an AC component at 50 Hz when an offset fault occurs in
the A-phase of the measurement circuit.

lll. FAULT DIAGNOSIS AND
COMPENSATION OF GRID CURRENT

The proposed strategy for detecting and compensating DC
offset faults in the measured grid current is based on
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Fig. 2. Frequency domain response of the d-axis current under
offset fault conditions.

analyzing the d-axis current at the grid angular frequency w,.
To isolate this component, the algorithm extracts id,2 by
applying a dedicated band-pass filter E(s), defined as
follows:
_ S

S? + wys + wf,

E(s)

where wj, represents the filter bandwidth. The center fre-
quency of H(s) is w,.

This filter is purposefully designed to extract the oscil-
latory component at the grid fundamental frequency, which
is directly influenced by DC offset faults. For reliable
detection, wy is selected based on the nominal grid frequency,
while the tuning parameter wy is set within 5% to 15% of w,.
This choice S; provides a suitable compromise between
noise attenuation and dynamic responsiveness. The perfor-
mance of the filter was assessed under parameter variations
and small frequency deviations + 1 Hz. The results confirm
that it effectively isolates the desired component without
introducing significant delay or distortion that could hinder
accurate fault detection. Moreover, the band-pass filter main-
tains a second-order structure and remains stable for all
positive values of @y, ensuring robustness and ease of
implementation within the proposed approach.

N

A. CASE 1: SINGLE-PHASE OFFSET FAULT
DETECTION AND COMPENSATION

The FDI procedure, together with the compensation for single-
phase offset faults, is implemented by generating two residual
signals, R; and R,. The first residual, R;, is obtained by
computing the average of the products between cos(w,t)
and i,,(r), while the second residual, R,, is calculated as
the average of the products between cos(w,t — Z%) and iy 5 ().
These residual signals are directly affected by the magnitudes
of D,, D, and D,, as detailed in equations (8), (9), and (10):

R, = <id,2(t) cos(wgt)>

®)
Rz = <id,2 (Z) COos ((}Jgt - 23—7[) >

Using orthogonality over one period:
1

(cos(@)cos(9)) = 2

<Cos(9)cos (9 . 23”) > - ©)

The residuals become:
__1 1 1

Ry ==53Da ~sDp — s Dc (10)

R2 = §Db —_ ED(Z — EDC
Under normal operating conditions, both residuals R,
and R, remain at zero. The occurrence of a DC offset in any
of the three-phase currents, however, induces deviations in
these residuals, altering their magnitudes and signs. To
determine which phase is affected, two Boolean fault

indicators, F; and F,, are defined as follows:

Fio=1 if R, 20
F1’2=O

if Rip<0

To isolate the faulty measurement signal, a decision
block, denoted as DB1 for single-phase offset faults, gen-
erates an alert signal S;. When the current measurement
circuit operates normally, both Boolean indicators B; and
B, are equal to 1, yielding = 0. If a DC offset is detected in
phase A, F; remains 1 while F, becomes 0, resulting in
S; = 1.In the case of a DC offset fault in phase b, F'; is 0 and
F5is 1, producing S; = 2. Finally, when the offset occurs in
phase c, both F; and F, are 0, corresponding to S; =3.

The undesirable ripple undulation in i; brought on by
the existence of DC offset in the current measurements has a
significant impact on the current control loop. As a result, a
method for compensation must be used in accordance with
the residual (R; and/or R,) values and S;. Using this
approach, the offset fault magnitude must be calculated
and injected into the associated erroneous measurement.
The compensated quantities, C;, C5, and Cj3, correspond to
the respective phases a, b, and ¢ when a DC offset fault
occurs in the current sensing circuit are presented in equa-
tion (12):

1)

Cl = —3R1, Rl =%Da
C,=06R,, R, = _lDb (12)
C3=6R], Rl =_6DC

Specifically, for the case where a DC offset fault is
introduced in phase a, the grid current measurement is
restored to its accurate value at the instant of fault appear-
ance (), as expressed in (13):

ia<tf) :iam(tf)+Da (13)

A comparable study was performed to examine the
impact of a DC offset fault on the b and c phases of the
measured grid current.

To assess the performance of the proposed FDI and
compensation strategy for single-phase offset faults, simu-
lation tests were carried out with the fault introduced at
0.9 s. In this case, a 1 A DC offset was applied individually
to each phase of the current sensing circuit. As illustrated in
Fig. 3, the d-axis component of the grid current exhibits
waveform distortion whenever a DC offset occurs in any of
the phases.

Under healthy operating conditions, both residual sig-
nals R; and R, remain equal to zero. In this situation, no
abnormal oscillations are detected, and the resulting Bool-
ean indicators F; and F, stay at zero, keeping the offset
alarm S; inactive. When an offset fault is introduced in the
a-phase (Fig. 3(a)), the residuals react accordingly: R rises
to approximately 0.33, whereas R, drops to around —0.16.
According to (10), this configuration produces B; =1 and
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B, =0, which activates the alarm signal (S; = 1), confirm-
ing the presence of a DC offset in the a-phase current.

When the offset fault affects another phase, such as
phase b or phase c, the residual pattern evolves differently,
as described by (11). In the case of a b-phase offset, R;
becomes negative (about —0.16), while R, becomes posi-
tive (near 0.66), which is the reverse trend observed for a-
phase fault. For a c-phase fault, both residuals shift to
negative values (approximately 0.16). Consequently, the
alarm signal is set to S; = 2 for a b-phase fault and S; = 3 for
a c-phase fault, as illustrated in Fig. 3(b) and 3(c).

Offset compensation is performed by injecting a cor-
rective term, calculated from the corresponding residual,
into the affected current measurement. For an a-phase fault,
the measured current i,,, is corrected by adding the com-
pensation term C; =—3R;. Initially, the d-axis current
exhibits ripple disturbances due to the offset error. Once
the compensation is applied, these oscillations disappear
and id rapidly returns to its nominal value within approxi-
mately 1.9 ms, as shown in Fig. 4.

B. CASE 1: TWO-PHASE OFFSET FAULT
DETECTION AND COMPENSATION

For two-phase offset faults, precise identification of faults
affecting phase pairs such as (a, b), (a, c), or (b, c) requires

the computation of three additional residuals, R3;, R, and
Rs5, which are constructed from the primary residuals R; and
R;. Each of these residuals targets a specific fault combina-
tion: R3 is associated with faults in phases (a, b), R, isolates
faults in phases (a, ), and R5 corresponds to faults in phases
(b, ¢). Furthermore, examining the collective behavior of all
residuals (R;, with j=1...5) enables clear discrimination
between single-phase faults and double-phase faults.

The expressions for R; R, and Rs are given in
equations (14), (15), and (16), respectively:

R3 = R2 - Rl = _O.SDa + OSDb (14)
R4 = 2R] - R2 = O5Da - OSDL (15)
R5 = Rl + 2R2 = OSDb - OSDC (16)

The detection of two-phase offset faults can be deter-
mined by three conditions, summarized in Table I.

To identify the erroneous measurement signals in the
case of double-phase offset faults, a dedicated decision
module DB2 is employed to generate the alarm signal S,
based on predefined fault conditions.

- When the C; is satisfied, indicating an offset fault in
phases a and b, the alarm S, is assigned a value of 1.

- For C,, corresponding to a fault affecting phases a and
¢, S, takes the value 2.

- Similarly, when Cj; is met, representing a fault in
phases b and c, S is set to 3.

Whenever S,#0, this confirms the presence of a
double-phase offset fault, triggering the compensation

Table I. Summary of two-phase offset fault detection
conditions

Condition Faulty phases
Cl: Ry #00r (Ry # 0and R;) (a,b)

C2: Ry #0o0r(Ry =0andRs # 0) (ac)
C3: Rs #00r (Rs =0and Ry # 0) (b,e)
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procedure. In this mode, the appropriate corrective signals
are applied to the faulty phases.

For a fault in phases a and b, the residuals R; and R,
(from equations (8) and (9)) are used to calculate the
corresponding DC offset components. These values are
then employed to compute the compensation signals C, ;
and C,,, which are applied to the a-phase and b-phase
currents, respectively, thereby restoring the measured cur-
rents to their accurate values:

ct: { C,1 =—2R, — 6R,

Cb,l = —4R2 - 2R1
In this situation, the measured grid currents i, and i, are
immediately corrected to their true values at the moment the
fault occurs (t;), as described in (18):

{ io(17) = Coy + (1)

a7

ip(tr) = Cp1 + ipm(tp) (18)

When a double-phase offset fault is detected in phases

(b, ¢) or (a, ¢), corresponding to conditions 2 and 3, the

compensation signals C,,,; are computed following the same

procedure, where j denotes the condition number. This

method guarantees that the correct compensation is applied
for each fault scenario, as presented in equation (19):

J Cor=2(R, —Ry)
C2 { CL‘,2 = 2R1 + 4R2
C3: {

Cp3 =2(=Ry +Ry)
Cc,3 = 2(R2 + 2R|)

The block diagram for double-phase offset fault com-
pensation is presented in Fig. 5. The performance of the
fault detection method for two-phase grid current faults is
evaluated through two test scenarios involving phases a
and b:

Scenario 1: A 2 A DC offset is applied simultaneously
to phases a and b at 0.9 s (Fig. 6(a)). After the fault occurs,
residual R3 remains zero, requiring analysis of R4, which
rises to + 1 A. This change activates the alarm signal (S2 =
1), indicating faults in both phases.

Scenario 2: Different offset levels are applied to the
two phases: 3 A in phase a and 2 A in phase b (Fig. 6(b)).

19)
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Here, residual R3 drops to —0.5 at the fault instant, correctly
identifying faults in both phases.

The effectiveness of the compensation strategy is
shown in Fig. 6(c). For faults in phases a and b, the
compensation terms C, ; and Cy, ; are added to the measured
currents (i, and i), restoring them to their accurate
values within 2 ms.

IV. EXPERIMENTAL RESULT AND
DISCUSSION

The proposed method is validated using a three-phase GCI
test bench, see Fig. 7. The setup includes an STM32F4
controller, a DC power supply, an inverter, and an isolation
transformer. Electrical quantities are measured with Hall-
effect voltage and current sensors, an output filter, and
analog conditioning circuits that adapt the signals for the
digital platform. The STM32F4 generates the switching
commands, which are sent to the inverter’s gate drivers
through a level-shifting interface. All signals are monitored
in real time on a PC using the microcontroller’s DAC
module.

Figure 8 illustrates the dynamic response of the
three-phase inverter under a step change in the d-axis
reference current. In Fig. 8(a), the reference current (ig*)
is increased from 8 A to 10 A at time tc, and the actual d-axis
current (ig) closely follows this change, achieving the new
reference level within 2.8 ms. This rapid tracking demon-
strates the high responsiveness of the current control
system.

Figure 8(b) depicts the tracking error between the
reference and actual d-axis currents. When the reference
is maintained at 8 A, the error is minimal, remaining below
0.38 A, indicating precise current regulation under steady-
state conditions. Immediately following the step change, the
error exhibits a transient peak due to the sudden reference
change; however, the controller rapidly compensates for
this disturbance, and the error quickly returns to a level
below 0.38 A once the reference reaches 10 A. This
behavior confirms the effectiveness of the control algorithm
in minimizing overshoot and settling time.

faz { o) ]‘;L(_[ abc/dg )
q

Converter :
onverter ; Filier Grid
ann T - a’\
dc-link [: JG : b =
I le - |
— T
|
|

m----- Current sensing cos,, (t) _ Ril_
| circuit cos, (t g ) N R
1 i . __ wg\& ™ ? —
L(a,b,c)m Wj\;: 1 > a
Control converter block A4 1 p @
[ Residual generator block ]~ - .
L(u,b,c) Rs A
i R4
L
(a,b,c)m l
+ | Cab, ¥ Bi M R 4_|
| | Eq12 | B R AL
DBI 2 | Eq. 10 | %2 (b) X
- 5 Ri,2
S 2, )
Eq.17 &19 | | DB2 Rs Rs45
(©

Fig. 5. FTC of offset faults: (a) R; and R, generation, (b) R3, R4, and Rs generation, and (c) compensation block.
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Figure 8(c) shows the three-phase output current wave-
forms. It can be observed that all three-phase currents
accurately track the reference change in the d-axis without
introducing significant harmonic distortion or phase imbal-
ance. The fast and precise response across all phases

confirms the inverter’s capability to maintain high-quality
output currents, even under abrupt reference variations,
which is essential for stable grid-connected operation.
The effectiveness of the FDI and compensation algorithm
is illustrated in Fig. 9(a). An offset fault is introduced in the
a-phase current at time #;, creating an imbalance in the
three-phase grid currents. At #,, the proposed FTC method
is activated, and the alarm signal S, rises to 1, indicating
successful fault detection. The FTC action compensates the
a-phase offset, and by tz, the three-phase output currents
return to a balanced state, allowing normal operation to
resume within a short time. Fig. 9(b) illustrates the experi-
mental response of the system under a double-phase offset
fault. At time #;, DC offsets corresponding to 20% of the
nominal current are simultaneously introduced in phases a
and b, resulting in an observable imbalance in the three-
phase grid currents. Upon activation of the proposed FTC
algorithm at t,, the system successfully identifies the pres-
ence of the faults in both phases and immediately applies
the corresponding compensation signals. As a result, the
measured currents in phases a and b are corrected, and by 73,
the three-phase output currents return to their balanced state
within approximately 2 ms. This rapid correction confirms
the effectiveness of the proposed method in simultaneously
detecting and compensating multiple sensor faults, thereby
maintaining stable and uninterrupted operation of the GCIL.
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Table Il. Comparison study of FTC strategy

FTC strategy

Numbers of phase

Whether it improve the

Tolerance time diagnosis accuracy

Space vector decomposition [12] Multiple

Signal reconstitution [15] Single
Independent observer [13] Single and double

Proposed strategy Single and double

10 ms No
40 ms No
8 ms No
2 ms Yes

V. ANALYSIS AND LIMITATIONS OF
THE FTC METHOD

To further assess the effectiveness of the proposed fault
detection and compensation strategy, simulation outcomes
were directly compared with experimental measurements
under various single-phase and double-phase DC offset
fault scenarios. The comparison reveals a high level of
consistency between the simulated and experimental re-
sults, as both residual signals and alarm indicators reliably
identify the faulty phases. In the case of single-phase faults,
the S1 indicator correctly detects the affected phase, and the
corresponding compensation restores the measured current
to its accurate value within approximately 2 ms. Similarly,
for double-phase faults, the S2 indicator successfully pin-
points the faulty phase pair, while the compensation signals
quickly correct the distorted measurements. These findings
confirm the method’s robustness and suitability for real-
time application in practical GCI systems.

The proposed FTC scheme demonstrates significant
advantages in detecting and correcting DC offset faults in
one or two phases, providing faster response times and
higher diagnostic accuracy compared to conventional tech-
niques. Table II summarizes the performance comparison
between the proposed approach and existing state-of-the-art
methods, highlighting the reduced fault tolerance duration
and improved fault detection precision. Despite these
strengths, certain limitations remain. Specifically, when
identical DC offset faults occur simultaneously across all
three phases, the method cannot detect them due to the
cancelation of common-mode components during the coor-
dinate transformation, which renders the residual signals
ineffective. Addressing this limitation will be a focus of
future research, with the aim of developing complementary
strategies capable of identifying such common-mode faults
and enhancing overall system reliability. Additionally, in
cases where the current controller operates with a very high
bandwidth, it may inadvertently mask DC offset faults by
adjusting the voltage reference, potentially reducing detec-
tion effectiveness. However, in most practical scenarios,
controller bandwidth is constrained, allowing residual sig-
nals to remain sufficiently indicative of offset faults. Fur-
thermore, the method operates without additional hardware,
shows intrinsic resilience to high-frequency noise due to its
reliance on low-frequency synchronous-frame components,
and provides a solid foundation for further extensions to
handle real-world uncertainties such as sensor disturbances,
grid frequency variations, and long-term offset drifts.

VI. CONCLUSION

This paper introduces a FTC strategy to address offset faults
in the current measurement circuits of GCIs. The approach
focuses on analyzing unwanted AC ripple currents in the d-

axis at the grid’s fundamental frequency. A band-pass filter
is employed to extract these ripple currents, which are then
used to detect, isolate, and compensate for DC offset faults
in both single-phase and two-phase current measurements.
The fault detection, isolation, and compensation algorithm
helps the system quickly recover optimal performance
without requiring additional hardware. Experimental results
demonstrate that the method swiftly restores the system to
normal operation under various fault conditions, with no
changes to the control system.
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