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ABSTRACT A digital controlled unipolar hysteresis current control strategy applied to the single-phase
grid-connected inverter is studied in the paper. In view of the problem of current zero-crossing distortion
in the traditional unipolar hysteresis current control based on finite state machines (FSM), a new unipolar
hysteresis current control strategy based on current decoupling is proposed. By introducing a virtual zero-
sequence current, the single-phase full-bridge inverter is decoupled into two independent half-bridge inverter
units, which are controlled by two bipolar hysteresis current control loops under the constraints of a finite
state machine. Therefore, the operation rules of the FSM ensure the frequency doubling output of the unipolar
modulation, and the virtual two-phase decoupled current eliminates the zero-crossing distortion problem of
inverter output current. Finally, the effectiveness and feasibility of the proposed method were verified by
building a 1kW single-phase full-bridge grid-connected inverter in the laboratory.

INDEX TERMS Grid-connected inverter, unipolar modulation, hysteresis, finite state machine, current
decoupling.

I. INTRODUCTION
Photovoltaic power generation is one of the most rapidly
developing renewable energy power generation technologies
in recent years [1], [2]. As the core component of photovoltaic
power generation, the control performance of grid-connected
inverters is related to the stability and the power quality of
the entire grid-connected system [3]. Therefore, choosing a
suitable grid-connected inverter control method is of great
significance to the efficient and stable operation of photo-
voltaic power generation systems.

The control methods for grid-connected inverters are
mainly divided into two categories: linear control [4], [5], [6],
[7] and nonlinear control [8], [9], [10], [11], [12], [13], [14],
[15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25].
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approving it for publication was Kuo-Lung Lian .

The linear controllers of single-phase grid-connected invert-
ers mainly include proportional integration (PI) controller
[4], proportional resonance (PR) controller [5], repetitive
controller [6], and deadbeat controller [7]. Among them,
PI and PR controllers are commonly used because of their
simplicity and reliability. Although PI and PR controllers are
preferred in grid-connected inverter systems, they need to
design parameters carefully based on small-signal AC mod-
els, and their dynamic performance is limited [8]. Especially
under the conditions of weak power grids, the closed-loop
bandwidth based on linear control decreases rapidly, caus-
ing interactive coupling between the inner and outer loops,
which can easily deteriorate the dynamic performance, and
even lead to stability problems. On the contrary, nonlinear
control has better dynamic performance and global stability
[9]. The nonlinear control strategies of single-phase inverters
mainly include hysteresis current control (HCC) [8], [9], [10],
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[11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21],
sliding mode control [22], second-order boundary control
[23], and direct power control [24]. Among them, hysteresis
current control has the advantages of fast response speed,
good robustness, built-in current limiting function, and easy
implementation. Owing to the advanced digital processing
technologies, the digital implementation of the HCC becomes
very simple. Thus, the HCC has been widely used in practical
applications of voltage source inverters [8], [9], [10], [11],
[12], [13], [14], [15], [16], [17], [18], [19], [20], [21].
The HCC for single-phase grid-connected inverters is

mainly divided into bipolar HCC [9], [10], [11], [12]
and unipolar HCC [14], [15], [16], [17]. Bipolar HCC
corresponds to bipolar sinusoidal pulse width modulation
(BSPWM), while unipolar HCC corresponds to unipolar
sinusoidal pulse width modulation (USPWM). Compared
with bipolar HCC, unipolar HCC is more widely used due
to smaller inductance volt-second product and switching har-
monics [14], [17]. Unipolar HCC is usually divided into
asymmetric unipolar HCC [14], [15] and symmetric unipo-
lar HCC [16], [17]. Although both can achieve three-level
output voltage, compared with asymmetric unipolar HCC,
symmetric unipolar HCC can achieve the effect of frequency
doubling and is preferable in practical applications [25], [26].
Symmetrical USPWMhas four switching combination states,
two of which correspond to the zero-voltage level and are
called as zero vectors. Therefore, the timing positions of
the zero vectors need to be interspersed between non-zero
vectors. Currently, the logic gates (e.g., JK flip-flops) and
finite state machine (FSM) are commonly used to realize
the interspersing of zero vectors [16], [17], [20]. However,
the traditional unipolar HCC has current distortion when the
output voltage crosses the zero point [14]. To this end, authors
in [14] propose a lead phase compensation to alleviate the
current zero-crossing distortion. However, this method relies
on circuit parameters, and is prone to over-compensation
or under-compensation. There are also some literatures that
present hybrid PWMmethods to solve the problem of current
zero crossing distortion [8], [18], that is, BSPWM is used near
the zero crossing, and USPWM is used for the rest. However,
this hybrid modulation method would increase the switching
ripple of current at the zero crossing.

The main motivation of this paper is to use a digital decou-
pled hysteresis current control strategy to address the current
zero-crossing distortion problem of unipolar HCC. Based
on the concept of current decoupling, the single-phase full-
bridge inverter is decoupled into two independent half-bridge
inverter units, and the bipolar hysteresis current control is
used to regulate two half-bridge units separately according to
the state machine rules, thereby eliminating the current zero-
crossing distortion.

The main structure of the article is as follows. Sec. II intro-
duces the principle of the traditional unipolar HCC based on
finite state machines, and analyzes the causes of current zero-
crossing distortion. Sec. III introduces the principle of current
decoupling and decoupled hysteresis current control. The

experimental verification is conducted in Sec. IV. Finally, the
conclusion is given.

II. TRADITIONAL UNIPOLAR HCC STRATEGY BASED ON
FINITE STATE MACHINE
A. SYMMETRIC UNIPOLAR SPWM STRATEGY
For simplicity, a single-phase full-bridge grid-connected
inverter based on an L-type filter shown in Fig. 1 is taken
as the main circuit structure in the following analysis, where
Ud is the DC bus voltage, Cd is the DC capacitor, Q1∼Q4
are the switching devices, uinv means the output voltage of
the inverter, L1 is the output filter inductor, iL is the inductor
current, and ug represents the grid voltage.

FIGURE 1. Single-phase full-bridge grid-connected inverter.

FIGURE 2. Switching signals of USPWM.

Fig. 2 shows the driving signals of unipolar SPWM, the
corresponding switching sequence is given in Table 1. Let
Qx = 1 (x = 1, 2, 3, 4) indicate that the switching device Qx
is turned on, and Qx = 0 indicate that the switching device
Qx is turned off. As seen from Table 1, switching states of
00 and 11 mean zero vectors, and 01 and 10 mean non-zero
vectors. Zero vectors 00 and 11 alternate.

TABLE 1. Switching sequence of USPWM.

B. ANALYSIS OF CURRENT ZERO-CROSSING DISTORTION
The FSM are commonly used to realize the interspersing of
zero vectors in power converter modulation [16], [25]. Fig. 3
presents the circuit state transformation of the unipolar HCC
based on the finite state machine.

With unipolar HCC, the switching ripple current near the
zero crossing approaches zero, that is, the intracycle change
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FIGURE 3. Circuit state transformation of FSM-based unipolar HCC.

slope of the inductor current might be less than the change
slope of the reference current. Then, the hysteresis current
control based on the finite statemachinewill cause the current
to be distorted near the zero crossing. The following will ana-
lyze the causes of current zero-crossing distortion in detail.

According to Fig. 3, it is derived that the relationship
between circuit variable and the switching state is

ug(t) ≥ 0 :

{
uinv(t) = 0 Q1Q3 = 00 or 11
uinv(t) = Ud Q1Q3 = 10

(1a)

ug(t) < 0 :

{
uinv(t) = 0 Q1Q3 = 00 or 11
uinv(t) = −Ud Q1Q3 = 01

(1b)

and the inductance terminal voltage expression is obtained
from Kirchhoff voltage law (KVL)

vL(t) = L1
diL(t)
dt

= uinv(t) − ug(t) (2)

If the output current of the inverter is in phase with the grid
voltage, then {

ug(t) = Um sin(ωt)
iL,ref(t) = Im sin(ωt)

(3)

where Um and Im are the grid voltage and reference current
amplitudes, respectively, and ω is the grid angular frequency.
Combining (1) to (3), the intracycle change rate of the induc-
tor current in different switching states is obtained

diL(t)
dt

=
1
L1


Ud − Um sin(ωt) Q1Q3 = 10
−Um sin(ωt) Q1Q3 = 00 or 11
−Um sin(ωt) − Ud Q1Q3 = 01

(4)

Fig. 4 shows the working principal diagram of the unipolar
HCC near the zero crossing, where the waveforms on the left
shows the current from the positive half cycle to the negative
half cycle at ωt = 180◦, and the waveforms on the right
shows the current from the negative half cycle to the positive
half cycle at ωt = 0◦. The switching logic in the figure is
determined by the operation instructions of the finite state
machine. It can be seen from the figure that before crossing

the zero crossing, the inductor current cannot be reduced to
zero due to the long-term sliding outside the hysteresis band.
As a result, the current is distorted near the zero crossing.

FIGURE 4. Schematic diagram of current zero-crossing distortion under
unipolar HCC.

Taking ωt approaching 180◦ as an example, the cause of
the zero-crossing distortion is mathematically calculated in
the following. First, the change rate of the reference current
is obtained

diL,ref

dt
= ωIm cos(180◦

− θ ) (5)

At the zero crossing, the change rate of the reference current
reaches the maximum value ωIm. However, it can be seen
from (4) that the intracycle change rate of the actual inductor
current is

diL(t)
dt

=
1
L1

{
Ud − Um sin(ωt) Q1Q3 = 10
−Um sin(ωt) Q1Q3 = 00 or 11

(6)

When ωt approaches 180◦, the rising slope of the inductor
current gradually increases and the falling slope gradually
decreases. In theory, when the zero crossing is reached, the
falling slope of the actual inductor current will drop to 0. On
the left side of Fig. 4, iL > iL,ref+ is detected at point e,
then Q1Q3 = 00, and the inductor current drops. However,
since the falling slope of the actual inductor current is always
smaller than the falling slope of the reference current, the
inductor current in the ef interval cannot follow the reference
value.

In order to calculate the distortion value of the inductor
current, set pointH in Fig. 4, and θ between pointH andωt =

180◦ is named as the distortion angle. Moreover, assume that
the descending slope of the actual inductor current at this
point equals the change slope of the reference current, that is,

diL(t)
dt

=
diL,ref(t)

dt
=

−Um sin(180◦
− θ)

L1
(7)

By solving (5) and (7), it obtains

θ = arctan
L1Imω

Um
(8)

It can be seen from (8) that, as the filter inductance value
becomes larger or the output current amplitude increases, the
distortion angle θ increases.

If the sampling point occurs at point H , the falling slope
of the actual inductor current from point H will be less than
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the change rate of the reference current. Accordingly, the
inductor current begins to deviate from the reference current.
When the zero crossing is reached, the amplitude of the
inductor current deviating from the reference current reaches
the maximum value 1iL0,max. Combining (6) and (7), the
maximum deviation value is obtained

1iL0,max ≈
I2mL1ω√

U2
m + (ImL1ω)2

+
Um
L1ω

[
Um√

U2
m + (ImL1ω)2

− 1

]
(9)

The above formula shows the distortion of the inductor cur-
rent when it crosses the zero point of the inverter output
voltage.

When the reference current reaches zero, the finite state
machine enters a negative half cycle. Since iL > iL,ref+,
Q1Q3 = 01. Then, the change slope of the actual inductor
current becomes

diL(t)
dt

=
−Um sin(ωt) − Ud

L1
≈

−Ud
L1

(10)

At this time, it is satisfied that the change slope of the actual
inductor current is greater than the slope of the reference
current, and the inductor current changes in accordance with
the hysteresis trajectory.

FIGURE 5. Single-phase full-bridge inverter by splitting grid voltage.

III. PROPOSED UNIPOLAR HCC BASED ON CURRENT
DECOUPLING
This section will propose a new type of unipolar HCC based
on current decoupling, which is used to eliminate the current
zero-crossing distortion of unipolar HCC. The idea of current
decoupling was first introduced in the direct power control
of three-phase inverters [27], but the switching state machine
model between phases is not considered. As a result, it may
lose the switching frequency doubling effect between phases
and cannot be directly used for unipolar HCC. This section
will first analyze the basic principles of current decoupling,
and then eliminate current zero-crossing distortion and real-
ize switching frequency doubling effect by combining current
decoupling and finite state machine.

A. CURRENT DECOUPLING PRINCIPLE BASED ON
SINGLE-PHASE FULL-BRIDGE INVERTER
The single-phase full-bridge inverter can be regarded as two
single-phase half-bridge sub-units, which are coupled with

each other. The idea of current decoupling is to decouple them
into two independent half-bridge sub-units. Decompose the
inductance L1 in Fig. 1 into two inductors, L, and the grid
voltage ug is divided into two virtual AC voltage sources ug,A
and ug,B. Then, based on Fig. 5, it has{

ug = ug,A − ug,B
ug,A = −ug,B

(11)

FIGURE 6. Equivalent circuit of single-phase full-bridge inverter.
(a) Equivalent circuit I. (b) Equivalent circuit II. (c) Equivalent sub-circuit I
with differential-mode current. (d) Equivalent sub-circuit II with
common-mode current.

In order to illustrate the decoupling process of a single-
phase full-bridge inverter, the circuit of Fig. 5 is equivalent
to the circuit of Fig. 6(a), where uinv,iM (i = A, B) represents
the AC output voltage of the inverter with the midpoint of the
DC bus voltage M as the reference point, iL,i represents the
inductor current, ug,i represents the virtual grid voltage, and
uinv,i is the AC voltage with the virtual midpoint N of the grid
voltage as the reference point. The relationship between two
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phase current meets

iL,A = −iL,B (12)

The differential equation of the inductor current is
L
diL,A

dt
= uL,A = uinv,A − ug,A

L
diL,B

dt
= uL,B = uinv,B − ug,B

(13)

Define the voltage between the midpointM of the DC bus
voltage and the virtual midpoint N of the grid voltage is the
voltage uMN. Then, the circuit of Fig. 6(a) is equivalent to the
circuit shown in Fig. 6(b), and{

uinv,A = uinv,AM + uMN
uinv,B = uinv,BM + uMN

(14)

where uMN is the common-mode voltage and uinv,iM (i = A,
B) means the differential-mode voltage. The inductor current
iL,i in (13) is related to both of them. Assume that the inductor
current is composed of two parts: the one is the decoupled
differential-mode inductor current iL ,id , and the other is the
virtual common-mode inductor current icp. It has

iL,id = iL,i + icp (i = A,B) (15)

Then, Eq. (13) is rewritten as
L
diL,Ad

dt
+ L

dicp
dt

= (uinv,AM − ug,A) + uMN

L
diL,Bd

dt
+ L

dicp
dt

= (uinv,BM − ug,B) + uMN
(16)

Further, it has 
L
diL,Ad

dt
= uinv,AM − ug,A

L
diL,Bd

dt
= uinv,BM − ug,B

(17a)

L
dicp
dt

= uMN (17b)

Therefore, the circuit of Fig. 6(b) can be decomposed into
the decoupled differential-mode equivalent circuit of Fig. 6(c)
and the common-mode equivalent circuit of Fig. 6(d).
Based on (17b), the virtual current icp is obtained from

icp =
1
L

∫
uMNdt (18)

where uMN can be derived based on (11) to (14).

uMN = −
1
2
(uinv,AM + uinv,BM ) (19)

After decoupling two-phase inductor current, the equiva-
lent differential-model inverter circuit is presented in Fig. 7.

FIGURE 7. Equivalent inverter circuit with current decoupling.

FIGURE 8. Control structure diagram of current decoupling-based HCC.

B. PRINCIPLE OF UNIPOLAR HCC BASED ON CURRENT
DECOUPLING
Fig. 8 shows the control structure diagram of the unipolar
HCC based on current decoupling between phases A and B.
The specific implementation process is

(1) Obtain the high-frequency zero-sequence current
according to (18).

(2) Superimpose the coupling current on the actual induc-
tor current to obtain the decoupled two-phase virtual inductor
current.

(3) Switching sequence and switching action time are con-
strained by the finite state machine and the virtual decoupling
inductor current.

Since the common-mode voltage value is involved in (18),
uMN needs to be predicted during actual execution. From (19),
the common-mode voltage uMN is determined by the output
voltage of the two half-bridge sub-units. For example, when
Q1Q3 = 11, uinv,iM = Ud /2; when Q1Q3 = 00, uinv,iM =

-Ud /2. Otherwise, uinv,iM = 0. A module that predicts the
common-mode voltage uMN based on the switching state,
is given in Fig. 9.

FIGURE 9. Prediction module of common-mode voltage.

Combined with the virtual half-bridge output level of the
grid voltage, an HCCworking principal diagram based on the
virtual inductor current can be drawn, as shown in Fig. 10.
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It can be seen from the figure that after the actual inductor
current is decoupled into a two-phase virtual inductor current,
the upper and lower boundaries of the reference current are
compared separately, and the switching action is determined
under the constraints of the finite state machine. Combined
with Fig. 7, it is derived that, after decoupling, the intracycle
change rate of the virtual inductor current is

L
diL,id

dt
=
Ud
2

− ug,i Q1 = 1 or Q3 = 1

L
diL,id

dt
= −

Ud
2

− ug,i Q1 = 0 or Q3 = 0
(20)

Then, the intracycle ripple of virtual inductor current near the
zero crossing no longer approaches zero as shown in Fig. 10,
and the change rate of the inductor current is no longer less
than the change rate of the reference current, which is the rea-
son of current distortion near the zero crossing as analyzed in
Sec. II-B. Based on (20), the switching frequency is regulated
based on the following variable hysteresis band

1I =
U2
d − u2g

8Lf ∗
swUd

(21)

where f ∗
sw means the desired switching frequency.

FIGURE 10. Schematic diagram of unipolar HCC based on virtual inductor
current.

As can be seen from Fig. 10, during the entire line cycle
of the inverter, the switching actions of the two virtual half-
bridge sub-circuits after decoupling are still constrained by
the finite state machine as shown in Fig. 3, and the drive
signals of Q1 and Q3 maintain central symmetry.

IV. SIMULATION RESULTS
Based on the circuit parameters tabulated in Table 2 and
the circuit topology in Fig. 13, the USPWM inverter per-
formance based on the traditional linear PI controller, FSM
HCC, and the proposed decoupled HCC is compared in the
computer simulation. For the sake of fair comparison, both
voltage and current signals are sampled at multiple frequen-
cies (e.g., 400kHz).

FIGURE 11. Comparative simulation waveforms of the USPWM inverter
under different grid inductance. (a) Linear PI control. (b) FSM HCC.
(c) Proposed decoupled HCC.

Fig. 11 compares the inverter stability with the change of
equivalent grid inductance. As seen in Fig. 11(a), the inverter
with linear PI controller keeps stable with the increase of grid
inductance from 0 to 4mH. However, the total harmonic dis-
tortion rate (THD) of the grid current increases from 1.07% to
1.45% because the control loop gain reduces with the increase
of Lg, which causes the decrease of harmonic suppression
capability. As seen in Fig. 11(b), the stability of the inverter
with FSM HCC becomes weak with the increase of grid
inductance. The current oscillation near the zero crossing is
amplified, that is because the switching frequency near the
zero crossing is close to the resonant frequency of the filter.
In comparison, the inverter with the proposed decoupledHCC
addresses the problem of grid current distortion near the zero
crossing, and has an ultra-wide control loop gain compared
with linear control technique [23]. Thus, it not only keeps
stable with the increase of grid inductance, but also has the
lowest THD of grid current.

It should be noted that, in practical applications, although
the traditional linear control with multisampling technique
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is proven to achieve high operational stability both in the
stiff and weak grid conditions, the multisampling PWM still
faces the challenges of deadband effect and multiple crossing
between carrier and modulation wave [28].

V. EXPERIMENTAL VERIFICATION
In order to verify the feasibility and effectiveness of the
proposed current decoupling-based HCC, a prototype of a
1kW single-phase grid-connected inverter with an LCL filter
is built in this section. The specific experimental parameters
are tabulated in Table 2. The experimental platform is shown
in Fig. 12.

TABLE 2. Key parameters in experiments.

FIGURE 12. Experimental platform.

Fig. 13 shows the structure diagram of the power stage and
control stage, where the r1, rg, and rc in the power stage are
the parasitic resistors of the corresponding filter components,
and pcc means the point of common coupling (PCC). The
control stage is mainly composed of two interrupt service
programs running in parallel:

(1) A 40kHz low-frequency interrupt service program in
the main CPU, which mainly performs operations that do
not require high calculation rate such as reference current
calculation, hysteresis band calculation, phase-locked loop
(PLL), etc.;

(2) A 400kHz high-frequency operation program in the
control law accelerator (CLA), which mainly performs
core algorithm operations such as current decoupling, state
machine, and generating the PWM signal.

The core hysteresis algorithm in the CLA is concise
and only requires about 1.9us execution time, so the high-
frequency interrupt service program does not require high-
speed CPU.

FIGURE 13. Structure diagram of the key parts of power stage and control
stage.

A. EXPERIMENTAL RESULTS BASED ON FINITE STATE
MACHINES
Fig. 14(a) shows the inverter-side inductor current and pcc
voltage waveforms based on the traditional unipolar HCC.
The amplified waveforms near the zero crossing are shown
in Fig. 14(b), where ug1 and ug3 are the corresponding drive
signals. As can be seen from Fig. 14(b), the switching state
is strictly in accordance with the USPWM operation rules.
However, the change rate of the inductor current near the
zero crossing approaches zero, so the inductor current is
distorted. This is consistent with the theoretical analysis. At
the same time, the switching frequency drops abruptly to
1.8kHz, and causes the distortion of grid current as shown
in Fig. 14(c). Such distortion may even cause resonance
amplification when the switching frequency near the zero
crossing is close to the filter resonant frequency, which poses
a threat to the safety and stability of the system. The THD of
the grid current in Fig. 14(c) is 3.95%.

Although the switching frequency control of FSM has been
carried out through the variable hysteresis loop width in the
algorithm, the performance of switching frequency control is
very poor due to the inductor current ripple of the USPWM
approaching zero near the zero crossing, as shown in Fig. 15.
Such wide-ranging change in switching frequency makes the
design of filter parameters very difficult, and it is easy to
cause harmonic stability problems.

B. EXPERIMENTAL RESULTS BASED ON CURRENT
DECOUPLING
Fig. 16(a) shows the inverter-side inductor current and pcc
voltage waveforms of the proposed HCC based on current
decoupling. The amplified waveforms near the zero crossing
are shown in Fig. 16(b). As seen from Fig. 16(b), after adding
current decoupling mechanism, the hysteresis current control
can still maintain unipolar operation. Moreover, the inductor
current near the zero crossing tracks the reference current
well, there is no sudden drop in the switching frequency, and
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FIGURE 14. Key waveforms based on the traditional FSM. (a) Inductor
current and pcc voltage waveforms. (b) Inductor current waveform and
drive signals near the zero crossing. (b) Grid current waveform.

FIGURE 15. Frequency spectrum of PWM wave in the traditional FSM.

the inductor current smoothly transits from a positive half
cycle to a negative half cycle. Fig. 16(c) shows the waveforms
of the grid current. It is seen from the figure that there is no

distortion of the grid current during the zero crossing. The
THD of the grid current is only 1.45%.

FIGURE 16. Key waveforms based on the proposed decoupled method.
(a) Inductor current and pcc voltage waveforms. (b) Inductor current
waveform and drive signals near the zero crossing. (b) Grid current
waveform.

FIGURE 17. Frequency spectrum of PWM wave in the proposed
decoupled method.

The performance of switching frequency control based
on the proposed decoupling HCC is shown in Fig. 17.
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FIGURE 18. Waveforms of the proposed decoupled method with negative
drifting of the inverter-side inductance drift. (a) Waveforms near the zero
crossing. (b) Grid current waveform.

FIGURE 19. Waveforms of the proposed decoupled method with positive
drifting of the inverter-side inductance drift. (a) Waveforms near the zero
crossing. (b) Grid current waveform.

Compared with Fig. 15, the proposed method has much bet-
ter control effect on the switching frequency. It should be
noted that, the mean switching frequency will not change as

the output power varies, and the performance of switching
frequency control can be further improved by closed-loop
adjustment [23].

FIGURE 20. Transient response comparison by increasing reference
current. (a) Waveforms with the linear control. (b) Waveforms with the
finite state machine. (c) Waveforms with the current decoupling.

In order to verify the influence of inverter-side inductance
drift on the control performance of current decoupling, the
following experiments are carried out.

(1) Negative drifting of the inductance: The inductance
value of phase A is 0.49mH, and the inductance value of
phase B is 0.59mH. The total inductance value is negatively
offset by 23%, and the corresponding experimental wave-
forms are shown in Fig. 18. It can be seen from the figure
that the inductor current is not distorted. The THD of the grid
current is 1.68%.

(2) Positive drifting of the inductance: The inductance
value of phase A is 0.98mH, and the inductance value of
phase B is 0.75mH. The total inductance value is positively
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offset by 23.6%, and the corresponding experimental wave-
forms are shown in Fig. 19. It can be seen from the figure
that the inductor current is not distorted. The THD of the grid
current is 1.53%.

Based on the above comparison, it can be seen that the dig-
ital HCC based on current decoupling has a good adaptability
to the inductance drift. Evenwhen the power inductance drifts
in a wide range, the proposed HCC can still maintain stable.

Finally, the transient response comparison by increasing
the reference current is carried out. As shown in Fig. 20, both
of the unipolar HCCwith the finite state machine and the pro-
posed current decoupling havemuch better dynamic response
and much smaller current overshoot than the traditional linear
control.

VI. CONCLUSION
The paper proposes a current decoupling-based unipolar
hysteresis current control strategy applied to a single-phase
grid-connected inverter. The reason of current zero-crossing
distortion in the traditional FSM-based HCC is analyzed. It is
found that when the intracycle change slope of the inductor
current is less than the slope of the reference current near the
zero crossing, the inductor current will be distorted. There-
fore, by introducing a virtual two-phase decoupled current,
the intracycle change rate of the inductor current near the
zero crossing is increased, and the distortion of the current
is eliminated. Finally, a 1kW single-phase grid-connected
inverter prototype was built in the laboratory to verify that
the proposed control strategy effectively solves the current
zero-crossing distortion problem of unipolar HCC under the
premise of inheriting the excellent dynamic performance of
hysteresis current control, and has a strong adaptability to the
drift of inductance parameters.
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