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Abstract: This paper proposes a hysteresis band (HB) current control technique to reduce the power losses in a shunt

active filter. During a switching period in the zero-crossing region, the inverter output current flows through a transistor.

By changing the direction, it flows through the free-wheeling diode of the same switch in an inverter leg, or vice versa.

The shunt active filter current typically has 6 zero-crossing regions during a fundamental frequency cycle. This paper

presents a HB current control technique where there is not any switching in these 6 zero-crossing regions per period,

which results in reducing the power losses. The experimental results clearly show that the power losses of the shunt

active filter are reduced by using the proposed technique.
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1. Introduction

The rapid increase of power electronic devices (i.e. rectifiers, inverters, and AC electric arc furnaces) in industrial

applications has caused important power quality problems, such as harmonic currents and reactive power in the

electric power system. These devices, which are also called nonlinear loads, draw nonsinusoidal currents and

reactive power from the electric power system. In order to solve these problems, shunt active filters have been

reported [1–4] and considered as a possible solution for the harmonic current compensation.

The shunt active filter operates as a current controlled voltage source inverter connected in parallel with

the nonlinear load. To obtain the current references, which need to be produced by the voltage source inverter

for the harmonic current compensation, the instantaneous reactive power theory proposed by Akagi [1] is used

in this study. The output current of the shunt active filter is controlled by using different current control

techniques. The most commonly used current control techniques in the shunt active filters was presented in [5].

For the application of the active filter, the hysteresis band (HB) current control technique is the most preferred

solution because of advantages such as easy implementation and a very fast dynamic response [5–13].

The main reason for choosing a current control technique is high efficiency. In order to improve the

efficiency of the voltage source inverter, the chosen current control technique should reduce the power losses of

the voltage source inverter by lowering the switching frequency [14]. Some recent studies that reduced the power

losses of the voltage source inverter in the HB current control technique were reported in [15–23]. In [15–17],

hysteresis comparators with a lookup table were used to decrease the inverter switching frequency selecting zero

voltage vectors. In [18,19], the hysteresis current control methods with minimal switching using phase voltage
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segmentation for a 3-phase 3-wire system and extending for a 3-phase 4-wire system were presented, respectively.

In [20,21], a double band hysteresis current controller was proposed for the single-phase full-bridge pulse-width

modulation (PWM) inverter to utilize the zero voltage level, and in [22], a hysteresis current controller that

combined the advantages of both the conventional double band hysteresis current controller and symmetrical

unipolar PWM was presented. In [23], a discontinuous pulse width modulation technique to reduce switching

losses was presented.

In the conventional HB current control technique, maximum switching frequency occurs near the zero-

crossing region [7–9]. Additionally, in the zero-crossing region shown in Figure 1, the inverter output current

flows through a transistor, and then, by changing the direction, it flows through a free-wheeling diode of the

same transistor during a switching period, or vice versa. This study presents a detailed analysis related to these

zero-crossing regions and accordingly proposes a HB current control technique to reduce the power losses of the

shunt active filter by avoiding the switching in the zero-crossing regions. In the proposed technique, two switches

of an inverter leg are controlled independently, avoiding the two switches of the same leg that are also in the

“on” state. According to the proposed technique, the two switches of an inverter leg are in the “off” state in the

zero-crossing region. In the currents produced by the shunt active filter, there are 6 zero-crossing regions during

a fundamental frequency cycle passing without any switching in the proposed technique. Experimental studies

are carried out and the effect of the proposed method on reducing the power losses of the shunt active filter is

verified. The remainder of the paper is organized as follows: in the second section, the 3-phase 4-wire shunt

active filter with split capacitor is described. The analysis of the conventional HB current control technique

in the zero-crossing region is introduced in the third section. The proposed HB current control technique

for reducing power losses is given in the fourth section. The fifth section consists of the experimental results

obtained from different operating conditions and comparisons of the conventional and proposed methods. In

the sixth section, conclusions are presented.

Zero-Crossing Region  

0 

upper bound 

lower bound 

current reference 

output current 

Figure 1. Zero-crossing region.

2. Three-phase 4-wire shunt active filter with split capacitor

The configuration of a 3-phase 4-wire shunt active filter with split capacitor is shown in Figure 2. The power

circuit of the shunt active filter contains a 3-phase inverter and 2 DC capacitors connected to the DC bus. The

midpoint of these capacitors is connected to the neutral return path for compensating the neutral current. In

this topology, two capacitor voltages are sensed to obtain the DC bus voltage (vdc(t) = vdc1(t) + vdc2(t)) and

the differential voltage (vdc1 − vdc2) [13,24]. To maintain the desired DC bus voltage level and to balance the

voltage level of these capacitors, 2 control loops are needed, as shown in Figure 3. The first control loop, which

is used for compensating the active filter losses and maintaining the desired DC bus voltage level, is in the

d-axis. The second one, which is used for maintaining the DC voltage balance, is in the 0-axis.
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Figure 2. Configuration of the shunt active filter.
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Figure 3. The control block diagram of the shunt active filter.

In order to compensate load harmonic currents and to ensure that the source currents are in phase with

the source voltages, the 3-phase supply voltages and the 3-phase load currents are sensed. For reference frame

transformation, the transformation matrix that was used is given in Eq. (1).

T abc
dq0 =

2

3


sin(ωt) sin(ωt− 2π/3) sin(ωt+ 2π/3)

cos(ωt) cos(ωt− 2π/3) cos(ωt+ 2π/3)

1

2

1

2

1

2

 (1)
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The load currents are transformed into a synchronous reference frame as follows: iLd

iLq

iL0

 = T abc
dq0

 iLa

iLb

iLc

 . (2)

The currents in the synchronous reference frame have DC and AC signals. Among these signals, iLq , iL0 , and

the AC part of iLd are unwanted signals because they are parts of the load currents that respectively represent

reactive currents, unbalanced currents, and harmonic currents. In order to compensate for these unwanted

signals, to regulate the DC bus voltage, and to balance the DC level of the capacitors, current references are

calculated in Eq. (3). The oscillating part of the d-axis current used in Eq. (3) can be obtained by using a

high-pass filter.  i∗Fa

i∗Fb

i∗Fc

 = T dq0
abc

 −ĩLd + iloss

−iLq

−iL0 + ibalance

 , (3)

where the reference frame transformation matrix is given as follows:

T dq0
abc =

 cos(ωt) sin(ωt) 1

cos(ωt− 2π/3) sin(ωt− 2π/3) 1

cos(ωt+ 2π/3) sin(ωt+ 2π/3) 1

 . (4)

iloss is the active current required to maintain the DC bus voltage at the desired level, (Vdc∗), and to compensate

the losses associated with the power circuit of the shunt active filter [1,12,24,25]. The iloss signal is calculated
as:

e1(t) = V ∗
dc − (vdc1(t) + vdc2(t))

iloss = kp1e1(t) + ki1
t∫
0

e1(τ)dτ)
, (5)

where e1(t) is the error signal between the reference value of the DC bus voltage (Vdc∗) and the instantaneous

DC bus voltage (vdc(t) = vdc1(t) + vdc2(t)), and kp1 and ki1 constants are proportional and integral gain of

the PI1 controller.

ibalance is used for balance between vdc1 and vdc2 capacitor voltages. The ibalance signal is calculated
as:

e2(t) = (vdc1(t)− vdc2(t))

ibalance = kp2e2(t) + ki2
t∫
0

e2(τ)dτ)
, (6)

where e2(t) is the error signal between vdc1 and vdc2 voltages, and kp2 and ki2 constants are proportional and

integral gain of the PI2 controller.

3. Analysis of the conventional HB current control technique in the zero crossing region

In the HB current control technique, the switching signal is produced directly when the current error exceeds

the HB [6]. The block scheme of the conventional HB current control technique and an inverter leg of the
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3-phase 4-wire shunt active filter is shown in Figure 4. In this figure, i∗Fa is the current reference and iFa and

vFa are the inverter output current and voltage, iT1 and iD1 are T1 transistor and D1 diode currents, and iT2

and iD2 are T2 transistor and D2 diode currents, respectively. The current reference (i∗Fa) is compared with

the sensed output current (iFa), and by using the resulting error, the hysteresis band controller (HBC) derives

the switching signals.

RF LF 

D1 
vdc/2 

vdc/2 

iFa 

iT1 

D

iD1 

iT2 iD2 

T1 

D2 T2 

iFa
* ierror 
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_ 

+ 

ierror
HBC 

C1 

C2 
vSa 

vFa 

Figure 4. The basic scheme of the conventional HB current control technique.

In the conventional HB current control technique, the switching signals are sent to the T1 and T2

transistors by the HBC. As shown in Figure 4, the output of the HBC is directly connected to the T1 transistor,

and by taking the reverse of it, it is connected to the T2 transistor. Therefore, both of the switches at the same

leg cannot be in the “on” state or “off” state. In this technique, the output current is kept between the lower

bound and the upper bound of the HB. The algorithm of the conventional HB is given as follows:

if iFa ≤ (i∗Fa −HB) then T1 = ‘on′ and, T2 = ‘off’

if iFa ≥ (i∗Fa +HB) then T1 = ‘off’ and T2 = ‘on’
.

In the conventional HB current control technique, the switching period consists of 4 different operation modes

in the zero-crossing region. These modes and the key waveforms concerning the operation modes are given in

Figure 5. The equivalent circuits of each of the operation modes are shown in Figure 6. The operation modes

in the zero-crossing region are explained below.

Mode 1 [t1−t2 ] (Figure 6a): This mode starts when the output current (iFa) reaches the upper bound of

the HB. At the beginning of this stage, the HBC sends the turn-off signal to the T1 transistor and the turn-on

signal to the T2 transistor. In this mode, the T1 and T2 transistors and the D1 diode are in the “off” state

and the D2 diode is in the “on” state. During this mode, the output current flows through the D2 diode (iD2

= iFa). This stage ends at t2 when the output current (iFa) reaches zero. At the end of this stage, the D2

diode is in the “off” state. In this mode, vFa is −Vdc/2.

Mode 2 [t2 − t3 ] (Figure 6b): Since the output current does not reach the lower bound of the HB, the

turn-on signal that was applied to the T2 transistor at the beginning of Mode 1 still remains unchanged during

Mode 2. In this mode, the D1 and D2 diodes and the T1 transistor are in the “off” state, and the T2 transistor

is in the “on” state. During this mode, the output current flows through the T2 transistor (iT2 = iFa). This

stage ends at t3 when the output current (iFa) reaches the lower bound of the HB. At t3 , the HBC sends the
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turn-off signal to the T2 transistor. At the end of this stage, the T2 transistor is in the “off” state. In this

mode, vFa is −Vdc/2.

t1 t2 t3 3 t4 t5 

0 

iD2 
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T2 

T1 
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lower bound 

current reference 

output current 

Figure 5. Operating waveforms in the zero-crossing region in the conventional current control technique.
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Figure 6. Equivalent circuits of the operation modes in the conventional current control technique: a) Mode 1, b) Mode

2, c) Mode 3, d) Mode 4.
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Mode 3 [t3 − t4 ] (Figure 6c): At the beginning of this stage, the HBC sends the turn-on signal to the T1

transistor. In this mode, the T1 and T2 transistors and the D2 diode are in the “off” state, and the D1 diode

is in the “on” state. During this mode, the output current flows through the D1 diode (iD1 = iFa). This stage

ends at t4 when the output current (iFa) reaches zero. At the end of this stage, the D1 diode is in the “off”

state. In this mode, vFa is Vdc /2.

Mode 4 [t4 − t5 ] (Figure 6d): The turn-on signal that was applied to the T1 transistor at the beginning

of mode 3 remains unchanged during mode 4, and because of that, the output current does not reach the upper

bound of the HB. In this mode, the T2 transistor and the D1 and D2 diodes are in the “off” state, and the

T1 transistor is in the “on” state. During this mode, the output current flows through the T1 transistor (iT1

= iFa). This stage ends at t5 when the output current (iFa) reaches the upper bound of the HB. At t5 , the

HBC sends the turn-off signal to the T1 transistor. At the end of this stage, the T1 transistor is in the “off”

state. In this mode, vFa is Vdc /2.

4. The proposed HB current control technique

The main objective of the proposed technique is passing without any switching in the zero-crossing regions to

reduce the power losses. In this study, it is achieved by using two HB controllers, where one is connected to

the upper switch and the other is connected to the lower switch of an inverter leg. The algorithms of the upper

and the lower HBC connected to the T1 and T2 transistors are given as follows.

For T1 :

if iFa ≤ (i∗Fa −HB) then T1 = ‘on’

if iFa ≥ i∗Fa then T1 = ‘off’
.

For T2 :

if iFa ≥ (i∗Fa +HB) then T2 = ‘on’

if iFa ≤ i∗Fa then T2 = ‘off’
.

Due to the algorithms of the HBCs connected to both of the switches of an inverter leg, the output current is

maintained between the lower bound of the HB and the current reference when the current reference is positive,

and it is between the current reference and the upper bound of the HB when the current reference is negative.

The principle block diagram of the proposed HB current control technique is given in Figure 7.

In the conventional HB current control technique, the HBC applies the turn-on signal to the transistor

even though the output current does not flow through the transistor as mentioned for Mode 1 and Mode 3 in

Section 2 and as clearly shown in Figure 7. In the proposed HB current control technique, due to the algorithm,

the turn-on signal is not applied to the gate of the transistor while the output current is flowing through the

free-wheeling diode of the transistor.

According to the proposed HB current control technique, two transistors of the same leg cannot be in

the “on” state, but they can be in the “off” state in the zero-crossing region. The switching period consists of

3 different operation modes in the zero-crossing region. These modes and the key waveforms concerning the

operation modes are given in Figure 8, and the equivalent circuits of each operation mode are shown in Figure

9. The operation modes in the zero-crossing region are explained as follows.
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Figure 7. The proposed HB current control technique.
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Figure 8. Operating waveforms in the zero-crossing region in the proposed current control technique.

Mode 1 [t1 − t2 ] (Figure 9a): This mode starts when the output current (iFa) reaches the upper bound

of the HB. At the beginning of this stage, the HBC sends the turn-off signal to the T1 transistor. Contrary

to the conventional HB current controller technique, as mentioned in Section 2, while the current is flowing

through the D2 diode, the turn-on signal is not applied to the T2 transistor in the proposed HB current control

controller technique. In this mode, the T1 and T2 transistors and the D1 diode are in the “off” state and the

D2 diode is in the “on” state. During this mode, the output current flows through the D2 diode (iD2 = iFa).

This stage ends at t2 when the output current (iFa) reaches zero. At the end of this stage, the D2 diode is in

the “off” state. In this mode, vFa is −Vdc/2.

Mode 2 [t2 − t3 ] (Figure 9b): This mode starts when the output current reaches zero. Unlike the

conventional HB current control technique, the output current does not reach the lower bound of the HB, since

the turn-on signal is not applied to the T2 transistor. In this mode, the T1 and T2 transistors and the D1 and

D2 diodes are in the “off” state. During this mode, iT1 = iT2 = iD1 = iD2 = iFa = 0 and vFa = 0. This
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stage ends at the end of the zero-crossing region at t3 .
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Figure 9. Equivalent circuits of the operation modes in the proposed current control technique: a) Mode 1, b) Mode 2,

c) Mode 3.

Mode 3 [t3 − t4 ] (Figure 9c): This mode starts when the upper bound of the HB reaches zero. The

proposed HBC sends the turn-on signal to the T2 transistor. In this mode, the T1 transistor and the D1 and

D2 diodes are in the “off” state and the T2 transistor is in the “on” state. During this mode, the output current

flows through the T2 transistor (iT2 = iFa). This stage ends at t4 when the output current (iFa) reaches the

current reference. At t4 , the HBC sends the turn-off signal to the T2 transistor. At the end of this stage, the

T2 transistor is in the “off” state. In this mode, vFa is −Vdc/2.

5. Experimental results

In order to verify the validity of the proposed current control technique, a laboratory prototype was assem-

bled, and both the conventional technique and the proposed technique were tested under the same operating

conditions. The system parameters of the nonlinear load and the shunt active filter are given in the Table. In

the laboratory setup, line to neutral voltage was 55 V with 50 Hz. The nonlinear load was a 3-phase diode

rectifier with a resistive-inductive load. The shunt active filter consisted of a 3-phase voltage source inverter

with a split capacitor. The inverter had 6 IRG4PH50KD IGBTs driven by SKYPER 32 PRO, which has 3.3 µs

of hardware dead time. For measuring the source voltages, load currents, filter currents, and DC bus voltages,

Hall-effect voltage (LV-25P) and current (LA55P) sensors were used. To control the system, a TMS320F28335

Experimenter Kit was used. Sampling frequency was selected as 50 kHz.

The tests were carried out at different HB widths in order to compare the proposed technique with the

conventional technique. For 0.5-A HB width, the experimental results obtained from the conventional technique

are presented in Figure 10. The total harmonic distortion (THD) of the load current shown in Figure 10a is

24.55%. The filter current is shown in Figure 10b. The THD of the source current shown in Figure 10c is 4.47%.
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For 0.5-A HB width, the experimental results obtained from the proposed technique are presented in Figure 11.

The THD of the load current shown in Figure 11a is 24.32%. The filter current is shown in Figure 11b. The

THD of the source current shown in Figure 11c is 4.77%. Due to the zero-crossing regions, the power losses of

the shunt active filter are reduced compared to the conventional technique.

Table. System parameters.

Parameters Symbols Value
Source
Voltage (line-neutral) vSabc 55 Vrms

Frequency f 50 Hz
Three-phase load
AC line inductance and resistor LAC , RAC 1 mH, 0.2 Ω
DC inductance and resistor LDC , RDC 40 mH, 13 Ω
Shunt active power filter
DC link voltage VDC 180 V
DC link capacitor CDC 1100 µF
AC line inductance and resistor LF , RF 3 mH, 0.3 Ω

Figure 10. Experimental results of the conventional tech-

nique: a) the load current, b) the filter current, c) the

source currents.

Figure 11. Experimental results of the proposed tech-

nique: a) the load current, b) the filter current, c) the

source currents.

The THD value of the source current and the power losses with the various HB widths for both the

conventional technique and the proposed technique are shown in Figure 12. The power losses are obtained by

subtracting the 3-phase nonlinear load power from the 3-phase power drawn from the electric power system.

To measure the power, a HIOKI 3196 power quality analyzer was used. Figures 12a and 12b show the THD

value of the source current and power losses. Using Figures 12c and 12d, the power losses and the efficiency

of the conventional technique can be easily compared with the proposed technique at the same THD value of

the source current. In Figure 12, it is clearly shown that the proposed technique is more efficient than the

conventional technique.
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6. Conclusion

In this study, a HB current control technique is proposed for the shunt active filter. The proposed current

controller reduces the power losses because there is not any switching in the zero-crossing regions. The current

of the shunt active filter current typically has 6 zero-crossing regions. Using the proposed technique, the

efficiency of the shunt active filter is improved. The proposed technique and the conventional technique are

compared at different HB widths. The experimental results show that the proposed technique causes less power

loss compared with the conventional technique at the same source current THD value. The experimental results

validate the performance and the feasibility of the proposed method.
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