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Abstract-- This paper suggests an adaptive predictive 

deadbeat current control method for single-phase multi-
tuned shunt hybrid active power filters (HAPFs) to improve 
the power quality of single-phase and three-phase four-wire 
utility grids. The HAPF structure eliminates the resonance 
between the passive power filter and the grid impedance. 
Furthermore, it can be integrated into passive filters to 
enhance their filtering performance. In this paper, a digital 
algorithm is proposed for managing the performance of 
each converter leg accurately. To do so, an exact model of 
the high-order system is developed, and the transfer 
function of the plant is calculated in continuous and discrete 
time domains. Then, a predictive deadbeat technique for 
HAPF current control is presented, which benefits from 
high accuracy, fast dynamics, and low sensitivity to system 
parameter mismatches. Extensive simulation and 
experimental tests are conducted and the results match well 
to confirm the success and appropriate performance of the 
overall system. Also, performance comparison with 
conventional solutions demonstrates the superiority of the 
suggested filtering technique. 
 

Index Terms-- Adaptive control; predictive deadbeat control; 
hybrid active power filter; multi-tuned filter. 

NOMENCLATURE 
PPF    Passive power filter 
APF   Active power filter 
HAPF   Hybrid active power filter 
PCC   Point of common coupling 
RCG   Reference current generation 
THD   Total harmonic distortion 
ESR   Equivalent series resistance 
SOGI   Second-order generalized integrator 
RLS   Recursive least square 
PWM   Pulse-width modulation 
iS     Grid current 
iL     Load current 
iH     HAPF injected current 
iP     PPF inductor current 
iF     APF injected current 
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vS     Grid voltage 
vconv    Converter output voltage 
vdc    Converter DC-link voltage 

I.  INTRODUCTION 
OWADAYS, different harmonic compensation solutions 
based on PPFs, APFs and HAPFs are proposed both by 

industry and academia. The PPFs, also known as single/multi-
tuned LC filters, benefit from simplicity, high reliability and 
low cost. Although, their major drawbacks are parallel 
resonance with grid impedance, poor performance under light 
loads and/or small grid impedances and high sensitivity to 
system conditions [1]-[5]. The APFs are the power electronic 
converters with two or more passive elements, which provide 
harmonic and reactive power compensation at the PCC by using 
advanced algorithms. The APFs offer flexibility and, effective 
harmonic compensation and resonance elimination at the price 
of a higher cost and compromised reliability. Furthermore, at 
relatively high switching frequencies, the majority of power 
semiconductor switches are unable to carry high currents and 
block high voltages [6]-[9]. Traditional HAPFs consist of a 
single or multi-tuned PPF in series with the APF and can be 
readily employed in high-voltage networks. This construction 
leads to a noticeable decrease in the APF voltage rating, as the 
grid voltage fundamental component  falls on the PPF capacitor. 
Therefore, the DC-link voltage of the converter is reduced 
along with its power and losses. However, because of the series 
connection, the converter semiconductor switches are subject to 
a high compensation current, which limits the use of these 
HAPFs in high-power applications [10]-[14]. The HAPF 
compensation current is even bigger than that of an APF alone. 
Also, if a fault occurs in the APF, the whole compensation 
current will be lost. 

In [15]-[18], an improved structure of HAPF is introduced. 
This structure includes an APF in parallel with the single-tuned 
PPF inductor. This type of connection offers a reduced 
converter current and power and higher reliability than the 
traditional HAPFs at the price of the complexity of the control 
system and RCG. Although this configuration is presented for 
single-tuned PPFs, the exact modelling, design and control of 
the system and the effect of the model parameters variations on 
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Fig. 1.  Single-phase multi-tuned shunt HAPF. 
 

the system stability and performance are not investigated in the 
previous works. While authors in [15] described the filtering 
characteristics and used a simple proportional controller, the 
system modelling, the parameters design and the control system 
design are not mentioned. In [16], the operation principle of the 
single-phase HAPF structure and a relatively complicated 
control system are presented, although, the grid current quality 
and the THD improvement are not impressive. In [17], the 
authors proposed modelling of the three-phase three-wire 
HAPF structure in αβ reference frame and a model-based 
controller design is described. However, the control structure of 
[17] is very sensitive to grid frequency changes. In [18], the 
authors proposed modelling and designing an adaptive self-
tuned current controller for the single-phase single-tuned shunt 
HAPF. This control technique is relatively complex with a high 
computation burden. Also, the closed-loop stability of the 
control system against wide model parameter uncertainties is 
not investigated in [18]. In many industrial plants, there are 
multi-tuned PPFs which are tuned at 3rd, 5th, 7th, 9th … for 
single-phase systems (or three-phase four-wire systems) and 
5th, 7th, 11th, 13th … for three-phase three-wire systems [2]-
[4]. The APF of the structure of [15]-[18] can only be connected 
to one LC branch and the occurrence of the resonance between 
other branches and the grid remains unsolved. On the other 
hand, if each PPF inductor branch is connected to an APF, more 
than one APF is required and the cost increases. The single-
phase shunt HAPF is intended for three-phase four-wire 
distribution networks to tackle the harmonics of a single or a 
group of domestic and commercial consumers.  

Different control approaches are presented for the HAPF 
system in the literature. Each of these methods offers some of 
the desired goals of fast dynamic response, low steady-state 
tracking error, low computational burden, low sensitivity to 
model parameter variations, etc. Proportional [19], 
proportional-resonant [8], [14], fuzzy [20], repetitive [21], 
deadbeat [9], [11]-[12], model predictive [22], and nonlinear 
controllers [13], [23] are some of the common approaches, 
which can be categorized into model-based and non-model-
based control techniques. The deadbeat control method is a 
model-based current control technique which is used in APF 
and HAPF control loops [9], [11]-[12]. This control technique 
offers simplicity, high control precision, low computational 
burden, and fast dynamic response. This method, however, is 

sensitive to changes in model parameters that can even lead to 
control system instability. Besides, the reference current 
tracking performance of the traditional deadbeat controller is 
adversely affected by sampling errors [11]-[12]. However, this 
problem is solved by introducing the predictive deadbeat 
technique [9]. This paper develops a predictive deadbeat current 
controller that is adaptive and has low sensitivity to model 
parameter mismatches as the control gains are corrected 
automatically and online. 

In this paper, first, the circuit configuration of a generic 
single-phase multi-tuned shunt HAPF is presented. This 
topology reduces the converter currents and eliminates the 
possibility of resonance between the multi-tuned PPF and the 
grid. This is followed by an exact modelling and controller 
design. The proposed structure can be employed with single-
phase and three-phase four-wire loads. Moreover, its generality 
allows it to be implemented in any industry that already has 
multi-tuned PPFs installed. The advantages of the developed 
compensator are generality, further reducing the converter 
currents, reducing the cost, and increasing reliability. The 
original contributions of this paper can be listed as: 

• proposing a generic single-phase multi-tuned shunt 
HAPF; 

• exact modelling of the proposed high-order system; 
• designing an adaptive predictive deadbeat current 

controller for the HAPF system;  
• evaluating the stability of the closed-loop digital control 

system against model parameters variations; 
• evaluating the effectiveness of the proposed system 

through extensive simulations and experiments; 
• demonstrating the superiority of the suggested structure 

over some other conventional solutions through 
comparisons. 

The paper is organized as follows: Section II describes the 
proposed system configuration followed by section III on 
modelling the high-order system. In section IV, the parameter 
design is explained and section V  presents the RCG and design 
of the proposed controller for the HAPF system. Simulation and 
experimental verifications are reported in section VI. Finally, 
section VII concludes the paper. 

II.  SYSTEM CONFIGURATION 
The proposed system configuration is shown in Fig. 1. In this 

figure, the proposed HAPF is a combination of a multi-tuned 
PPF and an APF, which is in parallel with the PPF inductors. 
The conventional multi-tuned PPF has its branches tuned at the 
3rd, 5th, …, kth harmonic orders and the APF consists of an 
(n+1)-leg converter with the output filters. Each leg of the APF 
converter is in parallel with each inductor of the multi-tuned 
PPF and (n+1)-th leg is connected to the neutral. A circuit 
breaker (CB) connects each APF leg to the PPF inductor, 
offering more flexibility and reliability to the system. The 
flowchart of the activation algorithm for the APF branches can 
be seen in Fig. 2. As can be observed, first the number of PPF 
branches and the desired compensation level (0≤Dm≤1) are fed 
to the algorithm. This variable (Dm) is defined as a ratio between 
the harmonics RMS current and total RMS current (m≥3). 
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Fig. 2. Proposed activation algorithm for the performance of the APF. 
 

vS

LS

LP

 CP

+
– 

iS
iH

iL

vconv

LF

iF

Grid LoadConverter

vPCC

iP

Filter Components  
Fig. 3.  Structure of a single-phase single-tuned shunt HAPF. 
 

Therefore, the lower the Dm, the lower the total harmonic 
distortion. The proper value for Dm should be selected 
according to system configuration and the power capacity. It 
decides on the required converter legs that must be activated till 
the required compensation is reached. If more than one leg is 
connected to the PPF, the APF injected current is divided 
among n-legs reducing the current through each converter leg. 
Each converter leg is responsible for the compensation of a 
group of harmonic components. For example, in single-phase 
systems, if n=1, a full-bridge converter should compensate the 
whole harmonic components; if n=2 and if needed, the first leg, 
which is connected to the third harmonic branch of the PPF 
dominantly compensates for the 3k harmonic components and 
the second leg, which is connected to the fifth harmonic branch 
can compensate for the 6k±1 harmonic components and so on. 
It should be noted that the fundamental structure is a single-
phase single-tuned shunt HAPF (n=1). This fundamental 
structure is responsible for the whole harmonic compensation. 

If needed and the compensation capacity is not sufficient, 
according to the mentioned decision algorithm, the converter 
legs can be activated. 

III.  HIGH-ORDER SYSTEM MODELLING 

A.  Single-Phase Single-Tuned Shunt HAPF Modelling 
In this section, first, the single-phase single-tuned shunt 

HAPF model is developed and then generalized to the multi-
tuned shunt HAPF. A single-phase single-tuned shunt HAPF is 
displayed in Fig. 3. In this figure, the grid is modelled as a 
sinusoidal voltage source (vS) with an inductive series 
impedance and the load as an independent current source (iL). 
Also, the filter components are PPF capacitor, PPF inductor and 
converter output inductor and the converter is assumed as a 
dependent voltage source (vconv). The KVL and KCL equations 
for Fig. 2 in the Laplace form yield 

( ) 1
0

( ) ( )
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H P P PCC
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S L
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     = − +             

  

. (1) 

Reactive elements have an ESR, which contributes to 
damping in filter characteristics and reduces the resonance 
peak. The transfer functions of the converter output voltage to 
the APF and the HAPF injected currents are calculated as 

2
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To transform YF(s) to digital domain, the Tustin 
discretization method is employed. This approach has the 
advantages of accurate approximation of the continuous 
transfer functions and that the left half s-plane is transformed 
into the unit circle. So, the stable continuous-time systems are 
transformed into stable discrete-time systems. Therefore, YF(s) 
in discrete-time form is 
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As can be seen, YF(z) has three independent parameters in its 
numerator and denominator (b1, b2 and a1). The HAPF model 
elements can be easily found from these parameters as 

2
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B.  Single-Phase Multi-Tuned Shunt HAPF Modelling 
Following the same procedure for the single-phase single-

tuned shunt HAPF, the KVL and KCL equations for the multi-
tuned shunt HAPF are obtained as (6).  

[ ] [ ] [ ]

[ ] [ ] [ ]
[ ] [ ]

[ ] [ ]

,3 ,3
1

3,3 2 2 2 2 2 1

, ,2 2 2 2 2 1

, 1 2 1 2

( ) ( )
0( ) ( )

0( ) ( )
1( ) ( )

( ) ( )

0 0 0 1

F conv

H PCC

kF k conv k

H k PCC

MS L

T

i s v s
Z Bi s v s

Z Bi s v s
C Ci s v s

i s i s

B C

−

× × ×

× × ×

× ×

   
            =                

     

= =



    






. (6) 

As can be seen, M is a (2n+1)×(2n+1) sparse matrix. The 
matrix Zk, given in (7), is a 2×2 matrix.  
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 + −
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P k
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C s
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Therefore, Zk is located in the main diagonal of M, except for 
the last row, and the voltages and currents of each LC branch of 
PPF, which is connected to the output filter of one leg of the 
converter, are independent of other branches. The latest row of 
M implies that the sum of HAPF currents and the grid current 
equals the load current. From (6), the transfer function between 
different sections of multi-tuned HAPF can be obtained. 

IV.  HIGH-ORDER SYSTEM PARAMETER DESIGN 

A.  Parameter Design of Single-Phase Single-Tuned Shunt 
HAPF 

To design the parameters of the system depicted in Fig. 2, 
first PPF parameters should be designed. These parameters 
determine the reactive power capacity of PPF and the tuned 
frequency of the filter. The reactive power capacity of PPF is 
based on the type of nonlinear load. Based on the reactive power 
requirements and the harmonic order of the filter, its 
capacitance is calculated as 

2 2
1

11
2

L
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S

QC
h f Vπ

 = − 
 

 (8) 

where h, QL, f1 and VS are the tuned harmonic order, reactive 
power capacity, fundamental frequency and the RMS grid 
voltage, respectively. Therefore, the inductor value can be 
easily obtained from the tuned harmonic order of the branch as 
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⋅ ⋅

. (9) 

To design the APF output inductor, the converter current 
ripple should be considered. Therefore, in this paper, a certain 
percentage of the nominal peak current, xL, is used to limit the 
converter current ripple. This relationship is stated in (10), 
where xL=0.15-0.4, and Vdc, TS, IP,rated are the DC-link voltage 
of the converter, sampling time, and converter nominal peak 
current, respectively. 
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F
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L
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. (10) 

B.  Parameter Design of Single-Phase Multi-Tuned Shunt 
HAPF 

Similar to the above procedure, other PPF and APF 
parameters can be easily calculated according to (8)-(10). It 
should be noticed that the PPF inductor and capacitor are 
different for each branch. The APF output inductance of each 
branch depends on Vdc, TS, xL, and IP,rated. The parameters Vdc 
and TS are the same for all branches, but xL and IP,rated are 
different. For simplicity, the multiplication of these two 
parameters is considered the same. So, the APF output inductor 
is assumed the same for all branches, as given by (10). 

V.  RCG AND CONTROL SYSTEM DESIGN 

A.  RCG 
SOGI is a well-known technique for many applications such 

as grid synchronization and harmonic extraction. Several 
variations of this structure have been developed, including the 
multi-SOGI [24]. Each of the SOGI units in parallel is tuned at 
the specific harmonic frequency to extract this harmonic 
component in the output of the multi-SOGI. In this paper, odd 
harmonic components of the load current below the 25th order 
are extracted by the multi-SOGI and the PPF inductor current 
is subtracted from the sum of these harmonic currents to obtain 
the APF reference current. The current control loop uses the 
APF injected current, iF. 

B.  Adaptive Predictive Deadbeat Current Control System 
Design 

The HAPF control system is based on an adaptive digital 
predictive deadbeat controller mainly inspired by a procedure 
proposed in [9]. A system identification method is then also 
proposed to estimate the model parameters. To determine the 
switching pattern, the control signal is calculated for all legs of 
the converter except for the (n+1)-th. The latest leg control 
signal is obtained as the sum of all other control signals with an 
opposite sign. The KVL for each leg of the converter is 

P

F
conv C PCC F

div v v L
dt

+ − =  (11) 

where vCp is the voltage across the PPF capacitor. 
By ignoring the slight changes in the grid and PPF capacitor 

voltages during the short sampling period, (11) can be 
approximated as (12) in the discrete-time domain. 
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With a double update PWM modulator (sampling frequency 
is twice the switching frequency), the duty cycle of the PWM 
signal in the k-th instance is calculated as 
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Fig. 5.  Bode diagram of the open-loop current control system considering 
mismatches in (a) LF, (b) CP. 
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which shows that the duty cycle includes feedback of the 
current error plus feedforwards of the grid and PPF capacitor 
voltages. The PPF capacitor voltage is obtained from its current 
using the Backward Euler method, as 

[ ] [ ] [ ] [ ]( )( 1)
P P

s
C s C s F s P s

P

T
v kT v k T i kT i kT

C
= − − + . (14) 

The control objective is to make the injected current by the 
APF track its reference closely. So, it is replaced in (13) by the 
reference current at the next sampling instance. In this paper, 
the next sample reference current is estimated from the two 
previous samples as already reported in [9].  

The current control loop scheme is depicted in Fig. 4, where 
Gpredict(z)=(1 + z-1 - z-2)  is the APF reference current predictor, 
GC(z)=LF/Ts is the control system gain,  GCp(z)=(Ts/Cp)×z/(z-1) 
is the estimator of the PPF capacitor voltage, Gdelay(z)=z-Td/Ts is 
the digital controller delay function (Td is assumed 1.5Ts for a 
double-updated PWM modulator) and YF(z) is the plant 
discretized model. Based on Fig. 4, the transfer function of the 
closed-loop current control system is obtained as 

,

( ) ( ) ( )( )( )
( 1) 1 ( ) ( ) ( )

C delay FF
closed
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G z G z Y zi kH z
i k G z G z Y z

= =
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. (15) 

Figures 5(a) and (b) show the open-loop Bode diagram of 
the APF current control system, considering mismatches in the 
LF and CP values. When LF uncertainty varies from -50% to 
+100%, the magnitude characteristic slightly rises. Therefore, 
the system phase margin decreases as LF is overestimated in the 
algorithm. When LF uncertainty equals +100%, the phase 
characteristic crosses -180⁰ at 0 dB and the control system is 
unstable. To demonstrate the stability of the control system 
against PPF capacitor mismatches, its uncertainty changed from 
-50% to +100%. Figure 5(b) shows the Bode diagram of the 
open-loop current control system. According to Fig. 5(b), the 
gain and phase margins of the system do not change.  However, 
the frequency of the resonance slightly increases. The control 
system remains stable under a large mismatch of the PPF 
capacitor. 

C.  System Identification 
The proposed deadbeat control approach uses APF output 

inductor and PPF capacitor values, which may not be always 
known or can vary by several factors such as temperature, 
ageing, tolerances, deterioration, etc. The effect of possible 
mismatches on the system stability was studied in the previous 
subsection. Besides that, any deviation from the nominal 
values, which are considered in the control law inversely affects 
the system's performance. In this paper, the correct 
instantaneous values of the inductor and the capacitor are 
estimated online and used in the control law. To do this, the 
difference equation of (4) is rewritten as 
( ) ( )
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1 2
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So, the identification regression vector is 
( 1) ( 2)
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TABLE I 
Plant Parameters 

Parameter Symbol Value 

Grid voltage (RMS) VS 220 Vrms 

Grid frequency f 50 Hz 

APF nominal apparent power Srated 1 kVA 

DC-link voltage VDC 150 V 

3rd branch PPF capacitor CP,3 100 µF 

3rd branch PPF inductor LP,3 11.25 mH 

Converter output inductor LF 1 mH 

Switching/sampling frequency fsw/fs 10/20 kHz 
 

and the identification parameters are 
[ ]1 1 2( )T k a b bθ = . (18) 

The RLS estimation technique for the current system 
identification can be then formulated as 
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where λ is the forgetting factor of the estimation technique used 
to increase the weight of recent data compared to older ones 
[25]. After identifying the system and determining a1, b1 and b2, 
the inductor and the capacitor can be easily calculated from (5). 
Figure 6 shows the overall structure of the proposed control 
system. As can be seen, the measured APF injected current and 
the calculated converter voltage at current and previous samples  

 
Fig. 7.  Experimental setup. 
 

 
Fig. 8.  HAPF identified parameters (LF, LP and CP). 
 

are fed to the identification block and this block outputs the 
model parameters (LF, LP and CP). Accordingly, the proposed 
control system continuously corrects the deadbeat controller 
gain. Consequently, variations in model parameters do not have 
a significant impact on controller performance. 

VI.  SIMULATION AND EXPERIMENTAL RESULTS 
Simulation and experimental results are provided in this 

section to confirm the proper performance of the  proposed 
controller for the suggested HAPF. MATLAB/Simulink 
software is used for simulations. A laboratory single-phase 
single-tuned shunt HAPF is also built, which is shown in Fig. 
7. The designed system parameters are summarized in Table I. 
A 4.5 kVA single-phase full-wave diode rectifier is connected 
to the PCC for both laboratory experiments and simulations. 
The control scheme is executed on a STM32F407VGT6 32-bit 
digital microcontroller from STMicroelectronics. The grid 
voltage THD is 4.5%. The simulation and experimental results 
for a single-tuned (the 3rd harmonic) shunt HAPF are reported, 
first. The identified parameters are shown in Fig. 8 (LF and CP). 
As can be seen, the HAPF parameters are estimated precisely 
in less than 20 samples. Figure 9 shows the steady-state results. 
Figure 9(a) shows the experimental steady-state grid, load, PPF 
inductor and APF injected currents when only the PPF is 
worked. The load and the grid current harmonic spectrums are 
shown in Figs. 10 (a) and (b) under this condition. The  
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Fig. 9.  Steady-state experimental results: (a) grid current, load current, PPF 
inductor current and APF injected current, and (b) grid voltage, PPF capacitor 
voltage, PPF inductor voltage and converter output voltage when only PPF is 
worked, (c) grid current, load current, PPF inductor current and APF injected 
current, and (d) grid voltage, PPF capacitor voltage, PPF inductor voltage and 
converter output voltage when HAPF is also activated. 
 

 
Fig. 10.  Experimental harmonic spectrums of (a) load current, (b) grid current 
when only PPF is connected to PCC, (c) grid current when HAPF is also 
activated. 
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Fig. 11.  Transient experimental results in response to load sudden change: grid 
current, load current, PPF inductor current and APF injected current. 
 

experimental load current THD is about 40% and the grid 
current THD decreases to 33.5% with the operation of the PPF. 
So, just a small improvement in the grid's current quality is 
achieved. Figure 9(b) illustrates the steady-state grid, PPF 
capacitor, PPF inductor and converter output voltages, 
respectively, under this condition. As can be observed, the 
converter output voltage and the APF injected current are both 
zero. The experimental results with the APF in action are also 
depicted in Figs. 9(c) and (d). With the APF connected to the 
system, the grid current THD decreases to 4.74% and its quality 
is much better than before. The harmonic spectrum of the grid 
current is displayed in Fig. 10 (c), where the major harmonic 
components (3rd, 5th, 7th and 9th) have been successfully 
damped. These figures imply that with a moderate APF current, 

 
Fig. 12.  Effect of model parameters mismatches on the performance of three 
deadbeat control system: (a) effect of LF mismatches on grid current THD, (b) 
effect of LF mismatches on current tracking error, (c) effect of CP mismatches 
on grid current THD, (d) effect of CP mismatches on current tracking error. 
 

perfect harmonic compensation is achieved. Also, the operation 
of the APF within the proposed HAPF structure improves the 
performance of the PPF itself, as it more effectively and 
selectively bypasses only the third harmonic component of the 
load current (which is already tuned at this harmonic order), as 
depicted in Fig. 9(c). The experimental results for a single-
tuned shunt HAPF in Figs. 9 and 10 describe the successfulness 
and appropriate performance of the proposed system. To 
evaluate the transient treatment of the compensation system, the 
response to load sudden change is reported in Fig. 11. It can be 
seen that, after a large load change (more than 50% increase), 
the controller performs very fast, and the APF injected current 
and the grid current reach steady-state in less than a quarter 
cycle. Also, it can be seen that following a load current change, 
the APF reference current changes fast and the APF injected 
current tracks the reference fast and with minimum error. Also, 
the grid's current THD remains under 5%. To compare the 
proposed current control technique with the conventional ones 
in presence of model parameters uncertainties, conventional 
deadbeat [11]-[12] and predictive deadbeat [9] are also 
implemented alongside the proposed adaptive predictive 
deadbeat controller. The effect of the converter output inductor 
uncertainties and PPF capacitor uncertainties on the grid current 
THD and the APF current tracking error is  reviewed and the 
results are drawn in Figs. 12 (a), (b), (c) and (d). As can be 
observed, the wide range of mismatches of LF and CP has a 
destructive effect on both the conventional and the predictive 
deadbeat controllers, while it cannot affect the proposed 
adaptive predictive deadbeat controller. The suggested 
controller adaptively changes the control gain according to the 
estimated HAPF parameters, while for the two other 
controllers, the control gain remains constant.  

Finally, a different type of nonlinear load that has high 
magnitude 5th and 7th order harmonic currents is connected to 
PCC. Also, a double-tuned (at the 3rd and 5th harmonics) shunt 
PPF is constructed and a small D5 is used for the proposed 
algorithm. So, a three-leg converter is connected to the multi- 
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Fig. 13. Steady-state simulation results: (a) grid current, load current, 3rd PPF 
capacitor current and 5th PPF capacitor current, and (b) 3rd PPF capacitor 
voltage, 3rd inductor voltage, 5th PPF capacitor voltage and 5th inductor 
voltage when only PPF is worked, (c) grid current, load current, 3rd PPF 
capacitor current and 5th PPF capacitor current, and (d) 3rd PPF capacitor 
voltage, 3rd inductor voltage, 5th PPF capacitor voltage and 5th inductor 
voltage when HAPF is also activated. 
 

 
Fig. 14.  Simulation harmonic spectrums of (a) load current, (b) grid current 
when only PPF is connected to PCC, (c) grid current when HAPF is also 
activated. 
 

TABLE II 
Comparison among various harmonic compensation solutions 

 
Grid 

current 
THD 

PPF 
RMS 

current 

APF 
RMS 

current 

Converter 
DC-link 
voltage 

Conv
erter 

power 

Active 
elements 

PPF (3rd 
tuned) 33.5% 9.15 

Arms 
0 0 0 --- 

APF [8]-
[10] 2.5% 0 6.5 

Arms 
400 V 1800 

VA 
4 switch 

(400V/13A) 
Conventi

onal 
HAPF 

[14], [15] 

3.5% 9.75 
Arms 

9.75 
Arms 

150 V 780 
VA 

4 switch 
(400V/13A) 

Proposed 
HAPF 
(Fig. 2) 

4% 9.15 
Arms 

3.10 
Arms 

150 V 310 
VA 

4 switch 
(400V/13A) 

 
tuned PPF to construct a multi-tuned HAPF. The simulation 
results are shown in Fig. 13. Figure 13 (a) depicts the steady-
state grid, load, 3rd PPF capacitor and 5th PPF capacitor 
currents, respectively, when only the 3rd and 5th PPFs are 
connected to the PCC. Figures 14 (a) and (b) demonstrate the 
harmonic spectrums of the load and grid currents under this 
condition. From the figures, the load current THD is 45% (with 
the major harmonic components of the fifth and seventh) and 
the grid current THD decreases to 24.7% with the PPFs. Figures 
13 (c) and (d) show the waveforms when the APF is also 
working. When the APF connects to the system, the grid current 
THD reduces to 2.21% (as shown in Fig. 14 (c)), and all 

harmonic components are limited well below 1% of the 
fundamental component. Now, each converter leg injects its 
relevant harmonic current (3k harmonic components by the first 
leg, which is connected to the 3rd PPF and 6k±1 harmonic 
components by the second leg, which is connected to the 5th 
PPF) and with the APF, both PPFs draw only the tuned 
harmonic currents. These results confirm the proper 
performance of the double-tuned HAPF. 

Table II compares different harmonic compensation 
techniques (single-phase structures) for the single-phase loads. 
As can be observed, except for the PPF, which has no active 
element, the other three compensators offer good harmonic 
compensation performance as the grid current THD is within 
the standard limit. Among the three solutions, the proposed 
system has the lowest APF injected current and power and the 
lowest overall rating, which results in lower converter loss and 
cost.  

VII.  CONCLUSION 
This paper proposed an adaptive predictive deadbeat control 

method for the single-phase shunt HAPF topology. The 
advantages of the proposed power structure are generality, 
simplicity, and minimum converter currents and it can be used 
with the already installed multi-tuned PPFs. The presented 
high-order electric system is first modelled; then a 
straightforward step-by-step design approach for the single-
tuned and multi-tuned HAPF is proposed. The RCG and an 
adaptive predictive deadbeat control system design are 
illustrated and the closed-loop current control system stability 
against the model parameter mismatches is investigated. To 
validate the theoretical results, experimental results for a single-
phase single-tuned shunt HAPF and simulation results for a 
single-phase double-tuned shunt HAPF are reported. These 
results show that the designed high-order structure compensates 
for the harmonic currents effectively and enhances the PPF 
filtering characteristics with relatively low APF current 
requirements. In addition, performance comparisons with two 
conventional solutions are provided to demonstrate the 
superiority of the suggested filtering system.  
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