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Abstract- Active power filter (APF) has now become a mature 
technology for harmonic and reactive power compensations in 
two-wire (single phase), three-wire (three phase without neutral), 
and four-wire (three phase with neutral) ac power networks with 
nonlinear loads. This paper presents a study on three different 
adaptive algorithms for active power filtering applications. These 
algorithms are adaptive linear combiner (ADALINE), least mean 
square adaptive notch filter (ANF-LMS), and recursive least 
square adaptive notch filter (ANF-RLS). In this paper, these 
approaches are employed for extracting load harmonic currents. 
The important issues associated with adaptive methods are 
accuracy and prediction speed. These issues will be addressed in 
the paper. Simulations using MATLAB/Simulink are presented 
to clarify the algorithms. 

 

Keywords—Harmonics, active power filters (APFs), adaptive linear 
combiner (ADALINE), adaptive notch filter (ANF).  

I. INTRODUCTION 

Power electronic equipment usually introduces current 
harmonics. These current harmonics result in problems [1] 
such as low power factor, low efficiency, power system 
voltage fluctuations and communications interference. 
Traditional solutions for these problems are based on passive 
filters due to their easy design, simple structure, low cost and 
high efficiency. They usually consist of a bank of tuned LC 
filters to suppress current harmonics generated by nonlinear 
loads. Passive filters have many disadvantages, such as 
resonance, large size, fixed compensation character and 
possible overload. To overcome these disadvantages [2] active 
power filters have been presented as a current-harmonic 
compensator for reducing the total harmonic distortion of the 
current and correcting the power factor of the input source. 

The main challenges associated with the implementation of 
APFs are device structure, generation of reference current 
signals and inverter control. Most APFs use voltage source 
inverters (VSIs) while there are also a few structures with 
current-source inverter (CSI) technology. In this paper also, a 
VSI is used for modelling the APF. There are various methods 
for detecting harmonic currents and calculating reference 
current signals, direct current control (DCC), indirect current 
control (ICC), instantaneous power theory (IPT) and d-q axes 
reference frame (SRF). In this paper, the DCC method is 
selected as the harmonic detection method. 
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Recently, ANNs have attracted much attention in different 
applications, including the APF. Authors in [3] computed the 
Fourier coefficients of the signal using ADALINE, and 
authors in [4] used an artificial neural network (ANN) that is 
trained with genetic algorithm (GA) and back propagation. 
Authors in [5] used a Hopfield neural network for real-time 
computation of frequency and harmonic content of the signal. 
Improved performance has been observed compared to 
discrete Fourier transform, fast Fourier transform, or Kalman-
filtering-based approaches. An additional PI controller is used 
to regulate the dc-link voltage. A full “neuromimetic” strategy 
involving several ADALINEs has been reported by [6]. The 
controller can adapt for unbalance and change in working 
conditions. Author in [7] proposed an intelligent neural-
network-based harmonic detection, which is first trained with 
enough data. The working model could compute the harmonic 
components with only one-half of the distorted wave. An 
ADALIE-based harmonic compensation is reported by [8]. 
Weights are computed online by the LMS algorithm. Authors 
in [9] demonstrated a 200-kVA laboratory prototype for a 
combined system for harmonic suppression and reactive 
power compensation using an optimal nonlinear PI controller, 
whereas a two-stage recursive least square based ADALINE is 
reported by [10] for harmonic measurement. 

APF is a device that is connected between the non-linear 
load and the source. The duty of this device is to make the 
source current almost sinusoidal and in-phase with the source 
voltage in order to impose a unity power factor (PF) and 
improve the power quality. This means that the APF injects 
the harmonic and reactive currents equal but opposite of the 
load. In this paper, three different adaptive methods are 
selected to perform the harmonic extraction for APF 
applications. The methods are adaptive linear combiner 
(ADALINE), least mean square adaptive notch filter (ANF-
LMS) and recursive mean square adaptive notch filter (ANF-
RLS)). These approaches initially estimate the fundamental 
component of the load current and then subtract it from the 
measured current, which is the polluted load current. The 
outputs of the adaptive methods will be the harmonic and 
reactive currents. 

Simulations using MATLAB/Simulink are presented to 
clarify the algorithms. The results reveal that the ADALINE 
performs slightly better than other two methods. 
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Fig. 2. Control strategy. Fig. 3. PLL structure. 

II. ACTIVE POWER FILTER 

A. APF Configuration 

Fig. 1 shows the basic structure of an APF. The APF is 
composed of a standard half-bridge three-phase VSI with a 
dc bus capacitor including six insulated gate bipolar 
transistors (IGBTs), an output well-tuned low pass filter and 
control system. A hysteresis based carrier-less PWM current 
controller is employed to achieve a fast transient APF 
response. The non-linear load is a dc inductive-resistive load 
supplied by a three-phase uncontrolled bridge. In Fig. 1, 
 , ݅௦, ݅, ݅ and ௗܸ denote the three-phaseݒ
voltages of the point of common coupling (PCC), the three-
phase currents of the power system, the load, and the power 
converter and the DC-link voltage, respectively.  

B. Control Strategy 

In this paper, the DCC approach is employed for 
controlling the APF meaning that the polluted load current 
is used for generating the reference current (shown in Fig. 
2). This strategy will force the grid current (݅௦ሺݐሻ) to be 
harmonic-free (sinusoidal) and in-phase with the PCC 
voltage. The total grid current is the summation of currents 
associated with the nonlinear load (݅ሺݐሻ) and active filter 
( ݅ሺݐሻ) as shown in Figs. 1 and 2: 

݅௦ሺݐሻ ൌ ݅ሺݐሻ  ݅ሺݐሻ																																																	ሺ1ሻ 
The non-linear load current includes three parts: 

݅ሺݐሻ ൌ ݅ି௨ሺݐሻ   ݅ିሺݐሻ

ೌೣ

ୀଵ

 ݅ିሺݐሻ 

																ൌ ݅ି௨ሺݐሻ  ݅ିሺݐሻ  ݅ିሺݐሻ															ሺ2ሻ 
where ݂ݑ, ݄, and ݍ represent the fundamental, harmonic, and 
reactive current components of the load current. The APF duty is 
to produce the harmonics produced by the load (݅ିሺݐሻ) and 
reactive load current drawn by the load (݅ିሺݐሻ) but in 
opposite sign to make the source current (݅௦ሺݐሻ) almost 
sinusoidal and in phase with the PCC voltage (for this reason a 
phase-locked loop (PLL) is used (shown Fig. 3)). This means 
that the reference current of the APF should have opposite 
polarity of the harmonic (݅ିሺݐሻ) and reactive (݅ିሺݐሻ) 
load currents. To obtain the reference current, as the DCC is 
used, the load current is measured. In this paper, for extracting 
the load harmonics, three different adaptive methods are 
employed, which are 1) ADALINE (Fig. 4), 2) ANF-LMS (Fig. 
5), and 3) ANF-RLS (Fig. 6). Therefore, these approaches first 
predict the fundamental component of the load current and then 
subtract this current by the measured current, which is the 
polluted load current. The output of the methods will be the 
harmonics and reactive currents to be generated by the VSI. 

Another issue that should be taken into account in the control 
loop is the regulation of the dc bus voltage. To reach this goal, 
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the measured dc bus voltage ( ௗܸ) is compared with the 
desired voltage ( ௗܸି) and the output is passed from a PI 
controller. The output of the controller is then summed to 
the reference current which yields: 

݅ିሺݐሻ ൌ െ݅ିሺݐሻ െ ݅ିሺݐሻ  ݅ି௨ሺݐሻ				ሺ3ሻ 
where ݅ି௨ሺݐሻ denotes the active current that the APF 
draws from the source in order to maintain the dc bus 
voltage constant.  
Considering Eqs. (1-3), the source current would be: 
݅௦ሺݐሻ ൌ ݅ሺݐሻ  ݅ሺݐሻ 
																ൌ ݅ି௨ሺݐሻ  ݅ି௨ሺݐሻ																																				ሺ4ሻ 

As it can be seen from Fig. 2, two things affect the 
transient performance of the adaptive-control-based APF. 
One is the accuracy and estimation time of the adaptive 
methods and another one is the transient performance of the 
dc bus voltage controller. In this paper, the first issue is 
addressed by comparing the estimation results of the 
ADALINE, ANF-LMS, and ANF-RLS methods.  

III. ADAPTIVE APPROACHES 
A. ADALINE Algorithm 

When there are nonlinear loads in a power system, the 
load current and voltage waveforms are non-sinusoidal. 
Fourier analysis can represent a periodic waveform as sum 
of cosine and sine frequency components. So, the load 
current and the supply voltage without zero sequence 
components can be expressed as follows: 

ݒ ൌ  ሾ ܸଵ cosሺ݊߱ݐሻ  ܸଶsin	ሺ݊߱ݐሻሿ																							ሺ5ሻ

ୀଵ,…,ே

 

݅ ൌ  ሾܫଵ cosሺ݊߱ݐሻ  ሻሿݐሺ݊߱	ଶsinܫ

ୀଵ,…,ே

																									ሺ6ሻ 

Where ߱ is the waveform fundamental frequency, and 

ܸଵ and ܸଶ are cosine and sine frequency component 
amplitudes of the load voltage, and ܫଵ and ܫଶ are cosine 
and sine frequency component amplitudes of the load 
current. Two linear neurons estimate the load voltage and 
current components per phase. In this work, the estimation 
of the voltage and current frequency components are carried 
out by means of adaptive networks. The following model of 
periodical signals to be estimated is, as mentioned above: 

݂ሺݐሻ ൌ  ሾܣ cosሺ݊߱ݐሻ  ሺ7ሻ																					ሻሿݐሺ݊߱	sinܤ

ୀଵ,…,ே

 

where ܺ	and ܻ are the amplitude of cosine and sine 
components of order-n harmonic. In vectorial notation, it 
can be characterized as follow: 

݂ሺݐሻ ൌ .ࢀ܅ ሺtሻ܆ ൌ ሾܣଵܤଵ .ேሿܤேܣ… ൦

ݐ߱ݏܿ
ݐ߱݊݅ݏ
⋯

ݐ߱ܰݏܿ
ݐ߱ܰ݊݅ݏ

൪															ሺ8ሻ 

The signals are sampled at uniform rate, ∆ݐ. So, time values 
are discrete, ݇∆ݐ where ݇ ൌ 0, 1, 2, …. The dot product 
presented in Eq. (8) is carried out by one ADALINE neuron, 
where ࢀ܅ is the network weights vector. After an initial 
estimation of ݂ሺ݇∆ݐሻ in the case of ݇ ൌ 0 with random 
weights, an adaptive algorithm updates the weights, and the 

estimated signal converges to the actual one. The final network 
weights are the searched cosine and sine harmonic components. 
Fig. 4 shows the network topology and the weights update 
algorithm. At time ݇∆܆ ,ݐሺ݇∆ݐሻ is the proposed signal model 
and ݂௧௨ሺ݇∆ݐሻ is the actual signal. The neurons, taking into 
account their weights ܅ሺ݇ሻ, carry out an estimation ݂௦௧ሺ݇∆ݐሻ. 
The error eሺ݇∆ݐሻ is the difference between actual signal and its 
estimation. An algorithm allows to get the weights to be used in 
the next iteration ܅ሺ݇  1ሻ, which minimizes that error. After 
this iterative process the estimated signals adapt to the actual 
signals. 

The weight adaptation algorithm is a modification of Widrow-
Hoff (W-H) algorithm, [9], which minimizes the average square 
error between actual and estimated signals. It can be written as 
follows: 

ሺ݇܅  1ሻ ൌ ሺ݇ሻ܅ 
ሺ݇ሻܺሺ݇ሻ݁ߙ

்ܺሺ݇ሻܺሺ݇ሻ
																																						ሺ9ሻ 

Eq. (9) is the W-H rule. The scalar product ்܆ሺ݇ሻ܆ሺ݇ሻ is the 
norm of the vector ܆ሺ݇ሻ. So, in each iteration, weights are 
corrected proportionally to the error and they follow the ܆ሺ݇ሻ 
unitary direction. A modification of W-H rule can be written as 
follows: 

ሺ݇܅  1ሻ ൌ ሺ݇ሻ܅ 
ሺ݇ሻyሺ݇ሻ݁ߙ

ሺ݇ሻݕሺ݇ሻ்܆
																																							ሺ10ሻ 

In Eq. (10), yሺ݇ሻ is the ܆ሺ݇ሻ sign, yሺ݇ሻ ൌ  ሻሻ. Asܭሺ܆ሺ݊݃ݏ
 ሻ are sinusoidal signals, if signals sign is considered, theܭሺ܆
learning rate for the weight correction will increase. The 
convergence-settling time decreases, though the convergence is 
less stable. The authors have considered an average of the signal 
and the signal sign. Thus, it reduces the introduced convergence 
problems. 
ሻܭሺݕ ൌ ሺ݇ሻ൯܆൫݊݃ݏ0.5   ሺ11ሻ																																						ሺ݇ሻ܆0.5

Moreover, a learning parameter is introduced to get a more 
stable convergence. The parameter is modified as shown in the 
following equation. 
ߙ ൌ ߙ  ܿଵ݁  ܿଶ ሶ݁																																																																ሺ12ሻ 

Thus, ߙ parameter, which depends on the linear error and its 
derivative, improves the algorithm convergence. Both 
corrections influence the convergence in opposite way; this 
commitment must be achieved to get stable and fast enough 
convergence. When the adaptive network is connected to the 
electrical system, the estimation convergence depends on the 
initial random weight chosen. Nevertheless, when the adaptive 
network is working online and a load change happens, the 
convergence does not depend on that initial choice.  

B. Adaptive Notch filter (LMS and RLS) Algorithms 

The adaptive noise cancelling strategy based on the Wiener 
theory has been widely utilized in many signal processing 
applications [11]. It can keep the system in the best operating 
state by continuously self-adjusting its parameters. Fig. 5 shows 
the basic principle of an adaptive harmonic detecting method, 
based on the adaptive noise cancelling theory. 

In this basic configuration of adaptive filter applied to current 
harmonic detection, ݀ሺ݊ሻ represents the load current polluted 
with harmonics and ݔሺ݊ሻ represents the sinusoidal waveform 
fghfgh 
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Fig. 4. Block diagram of ADALINE. 

 ሻ in phase with the source voltage, generated by theݐሺ݊݅ݏ
PLL (shown in Fig. 3). The reference input signal ݔሺ݊ሻ is 
processed by the adaptive filter producing the output signal 
 ሺ݊ሻ that tracks the variation in the fundamental signal ofݕ
the load current. The objective of the adaptive filter is to 
approximate ݕሺ݊ሻ, in both amplitude and phase, to the 
fundamental signal ݅ଵሺ݊ሻ of the load current. Therefore, the 
desired harmonic content ݅ሺ݊ሻ can be directly obtained 
from the error signal ݁ሺ݊ሻ given by subtracting ݕሺ݊ሻ from 
݀ሺ݊ሻ. The coefficients of the adaptive filter are adjusted 
using an adaptation algorithm. The adaptive notch filter is 
shown in Fig. 6. This structure uses two orthogonal signals 
as input, one for the input ݔሺ݊ሻ and the other is 90◦ phase 
shifted. In this way, only two coefficients are needed to be 
adapted. The adaptation procedure is the same as that used 
in the general structure of adaptive filters, and the output 
signal ݕሺ݊ሻ tracks the variation of the fundamental signal of 
the load current. Two algorithms, the LMS and the RLS, are 
widely used as adaptation algorithms for adaptive filters 
[12-19]. 

The recursion formula of the LMS algorithm is given by: 
݁ሺ݊ሻ ൌ ݀ሺ݊ሻ െ ሺ݊ሻݕ ൌ ݀ሺ݊ሻ െ  ሺ13ሻ																			ሺ݊ሻ܅ሺ݊ሻ்܆
ሺ݊܅  1ሻ ൌ ሺ݊ሻ܅   ሺ14ሻ																																							ሺ݊ሻ܆ሺ݊ሻ݁ߤ
Where ܆ሺ݊ሻ, ܅ሺ݊ሻ and ߤ represent input vector, coefficient 
vector and step size.  

The recursion formula of the LMS algorithm applied for 
adaptive notch filters is given by the equations: 
इଵሺ݊  1ሻ ൌ इଵሺ݊ሻ   ሺ15ሻ																																				Ղሺ݊ሻईሺ݊ሻߤ
इଶሺ݊  1ሻ ൌ इଶሺ݊ሻ   ሺ16ሻ																																Ղሺ݊ሻईଽሺ݊ሻߤ
where ݔଽሺ݊ሻ is x(n), 90◦ phase shifted. The formula of the 
RLS algorithm applied for adaptive notch filters, divided in 
five steps, is given as follows: 
Step 1) Initialization ఒܲଵሺ0ሻ ൌ 0.1, ఒܲଶሺ0ሻ ൌ 0.1, इଵሺ0ሻ ൌ
0, इଶሺ0ሻ ൌ ߣ ,0 ൌ 0.9 
Step 2) Gain computation 

݇ଵሺ݊ሻ ൌ
ఒܲଵሺ݊ െ 1ሻईሺ݊ሻ

ߣ  ଶሺ݊ሻݔ ఒܲଶሺ݊ െ 1ሻ
																																												ሺ17ሻ 

݇ଶሺ݊ሻ ൌ
ఒܲଶሺ݊ െ 1ሻईଽሺ݊ሻ

ߣ  ଶଽሺ݊ሻݔ ఒܲଶሺ݊ െ 1ሻ
																																								ሺ18ሻ 

Step 3) Output and error computation  

ሺ݊ሻݕ ൌ इଵሺ݊ െ 1ሻݔሺ݊ሻ इଶሺ݊ െ 1ሻईଽሺ݊ሻ																	ሺ19ሻ 
݁ሺ݊ሻ ൌ ݀ሺ݊ሻ െ  ሺ20ሻ																																																															ሺ݊ሻݕ
Step 4) Coefficient adapation 
इଵሺ݊ሻ ൌ इଵሺ݊ െ 1ሻ  ݇ଵሺ݊ሻ݁ሺ݊ሻ																																					ሺ21ሻ 
इଶሺ݊ሻ ൌ इଵሺ݊ െ 1ሻ  ݇ଶሺ݊ሻ݁ሺ݊ሻ																																					ሺ22ሻ 
Step 5) Inverted autocorrelation coefficients 

ఒܲଵሺ݊ሻ ൌ ଵିߣ ఒܲଵሺ݊ െ 1ሻ െ ଵ݇ଵሺ݊ሻईሺ݊ሻିߣ ఒܲଵሺ݊ െ 1ሻ			ሺ23ሻ 
ఒܲଶሺ݊ሻ ൌ ଵିߣ ఒܲଶሺ݊ െ 1ሻ െ ଵ݇ଶሺ݊ሻईଽሺ݊ሻିߣ ఒܲଶሺ݊ െ 1ሻሺ24ሻ 

As demonstrated by the equations, in the case of the adaptive 
notch filter, the gain vector ݇ሺ݊ሻ is transformed into gains ݇ଵሺ݊ሻ 
and ݇ଶሺ݊ሻ, calculated in Step 2. The inverse of autocorrelation 
matrix ܲሺ݊ሻ is transformed into two scalar values ఒܲଵሺ݊ሻ and 

ఒܲଶሺ݊ሻ, calculated in Step 5. This made the algorithm 
implementation simpler in terms of computational complexity. 
The parameter ߣ is the forgetting factor that is a positive 
constant close to but smaller than one. The choice of ߣ ൏ 1 
results in a scheme that puts more emphasis on the recent 
samples of the observed values and tends to forget the past. In 
the literature, the adaptive notch filters are normally 
implemented using a PLL to generate the orthogonal input 
signals. These two signals are generated with Clarke 
transformation of the load current  



ܫ
ఈܫ
ఉܫ

 ൌ ට
ଶ

ଷ

ۏ
ێ
ێ
ێ
ۍ
ଵ

√ଶ

ଵ

√ଶ

ଵ

√ଶ

1 െ
ଵ

ଶ
െ

ଵ

ଶ

0
√ଷ

ଶ
െ

√ଷ

ଶ ے
ۑ
ۑ
ۑ
ې


ܫ
ܫ
ܫ
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Then, he two orthogonal signals ܫఈ and ܫఉ are filtered by a 
third-order Butterworth filter with a 100-Hz cutoff frequency.  

 
Fig. 5. Block diagram of adaptive control principle [8]. 

 
Fig. 6. Block diagram of adaptive notch filter [9]. 
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(a) 

(b) 

(c) 
Fig. 7. APF results for (a) ADALINE, (b) ANF-LMS, and (c) ANF-RLS algorithms. 

 

 
Fig. 8. Estimated fundamental load current by, (a) ADALINE, (b) ANF-
LMS and (c) ANF-RLS algorithms. 

IV. SIMULATION RESULTS 
The selected APF, source and load parameters are (shown 

in Fig. 1) ݒ௦ ൌ ܫ ,ܸ	415 ൌ ܴ ,ܣ	48 ൌ 0.04	Ω, ܮ ൌ
ௗܥ ,ܪ݉	18 ൌ 5000	μܨ, and ௗܸ ൌ 800	ܸ, ܴଵ ൌ ܴଶ ൌ
130	Ω, and ܮଵ ൌ ଶܮ ൌ  .ܪ݉	40

In this section, the power system of Fig. 1 is simulated 
with the control strategy of Fig. 2 in order to investigate the 
performance of the under studied adaptive controllers and 
compare them with each other. The simulation is performed 
for each case by closing the switch S at ݐ ൌ 0.15 sec. 
(shown in Fig. 1)). The results are shown in Figs. 7 and 8. 
As can be seen from Fig. 7, all algorithms show good 
dynamic responses when a sudden load change occurs. This 
means that the APF equipped with these adaptive algorithms 
can satisfactorily compensate the nonlinear load and make 
the source current sinusoidal. The fast and quick 
compensation of the APF improves the power quality of the 

upstream power system that also leads to enhance the power 
system reliability. By looking closely at Fig. 8, with considering 
an analogous condition, it can be concluded that the ADALINE 
algorithm performs slightly better than other two adaptive 
algorithms. 

V. CONCLUSION 

This paper presents a study on three different adaptive 
approaches for active power filtering applications. The methods 
are adaptive linear combiner (ADALINE), least mean square 
adaptive notch filter (ANF-LMS), and recursive least square 
adaptive notch filter (ANF-RLS). In this paper, these approaches 
are employed for extracting the load harmonics currents.  

The dynamic performance of the adaptive methods is 
measured by considering a sudden change. Therefore, 
simulations are undertaken by a sudden load change. The results 
(Figs. 7 and 8) revealed that all adaptive algorithms work 
properly in the dynamic condition and moreover among which 
the ADALINE works slightly better than other two methods.  
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