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In this paper, two current reference extraction methods for harmonic compensation in single-phase active power filters are presented and evaluated. The first method known as the ip-iq technique is based on the fundamental extraction from the load current, whereas the second strategy which is the Direct Control for Active Power (DCAP) method employs power calculation leading to a new definition for active current in case of perturbed source voltages. The comparison is carried on in terms of DC voltage regulation in case of disturbed source voltage. First, both control schemes are analyzed based on the obtained reference currents using simulation results. It is shown that the DCAP is more accurate on the reference current extraction than the ip-iq method. Next, the performance of the DCAP method in terms of current distortion and power factor in presence of a highly perturbed source voltage is demonstrated.

INTRODUCTION

The increasing use of nonlinear loads in the domestic and tertiary sectors, in addition to the disruptive industrial equipment, causes a serious problem through the existence of harmonics that circulate on the phase lines of power distribution system that increase the Total Harmonic Distortion (THD)for current and voltage [START_REF] Sharma | Harmonic impacts of widespread use of CFL lamps on distribution systems[END_REF], lead to a perceptible current in the neutral conductor [START_REF] Desmet | Analysis of the Neutral Conductor Current in a Three-Phase Supplied Network With Nonlinear Single-Phase Loads[END_REF], and causes supplementary losses in the power transmission lines and transformers [START_REF] Masoum | Derating of Asymmetric Three-Phase Transformers Serving Unbalanced Nonlinear Loads[END_REF]. It was demonstrated in [START_REF] Mcbee | Evaluating the long-term impact of a continuously increasing harmonic load demand on feeder level voltage distortion[END_REF] that the voltage distortion can exceed levels set by IEEE 519 [START_REF]IEEE Recommended Practice and Requirement for Harmonic Control in Electrical Power systems[END_REF] due to the progressive use of nonlinear loads.

The Shunt Active Power Filters (SAPF)present an effective solution to enhance Power Quality(PQ) [START_REF] Nohra | A Four-leg active power filter for harmonic mitigation and reactive power compensation in unbalanced loads systems using CFL technology[END_REF] but more research works are needed to improve the quality of the compensation, chiefly, in case of perturbed main voltages [START_REF] Depenbrock | Concerning "Instantaneous power compensation in three-phase systems by using p-q-r theory[END_REF].

The principal target of any compensation is to obtain a sinusoidal and equilibrated system of source currents which must be in phase shift with their corresponding voltages that leads to a unity power factor, and that cancels the neutral current source side.

Since the first Instantaneous Reactive Power (IRP) theory, known as the original p-q method [START_REF] Akagi | Instantaneous Reactive Power Compensators Comprising Switching Devices without Energy Storage Components[END_REF] for harmonic and reactive power compensation for 3-wire distribution system, several works have been done on the harmonic and reactive power compensation [START_REF] Nabae | A new definition of instantaneous activereactive current and power based on instantaneous space vectors on polar coordinates in three-phase circuits[END_REF][START_REF] Zhengpeng | Harmonic and reactive power compensation based on the generalized instantaneous reactive power theory for three-phase four-wire systems[END_REF] and various methods have been developed for 4-wire distribution systems under perturbed main voltages, like the modified p-q and the pseudo mapping matrix [START_REF] Akagi | The theory of instantaneous power in three-phase four-wire systems: a comprehensive approach[END_REF], p-q-r theory [START_REF] Kim; Blaabjerg | Instantaneous power compensation in three-phase systems by using p-q-r theory[END_REF] and the NF p-q method [START_REF] Hanna Nohra | A control strategy in Active Power Filter for power quality improvement[END_REF].

All methods mentioned above are based on instantaneous power compensation but they are not applicable in single phase system.

The ip-iq method is based on the IRP theory [START_REF] Ma | Improved Detection Method of Current Component Based on Instantaneous Reactive Power Theory[END_REF] but it is modified to be applied in single phase system [START_REF] Qianju | An improved method for harmonics detection in single-phase circuits[END_REF][START_REF] Hua | Study on control method of singlephase active power filters[END_REF] A Direct Control for Active Power (DCAP) method is proposed by the authors to mitigate harmonic and reactive power under perturbed source voltages. This method was validated in a previous work when applied to the 3-phase 4wire split-capacitor Shunt Active Power Filter (SAPF) and compared to the original p-q method, the modified p-q, the pseudo-mapping matrix, the p-q-r theory, the NF p-q method. It is showing the performance of this method over the others [START_REF] Hannanohra | A Novel Instantaneous Power Based Control Method for a Four-Wire SAPF operating with Highly Perturbed Mains Voltages[END_REF]. In addition, this method could be applied in single phase, and three phase three-wire systems for unbalanced and perturbed voltages source. In this work, a comparison is made between this method based on power calculation and the ip-iq method based on current detection method.

The organization of this paper is following: In Section II, a presentation of the ip-iq and the DCAP methods is established. The case of perturbed voltage source is discussed for both methods. In section III, simulation results using Psim are presented and discussed. The paper finally ends with some concluding remarks in Section IV.

II. HARMONIC CURRENT DETECTION METHODS

The filtering device controlled by the algorithm of compensation takes reactive current and distorted current as the control target. The harmonic current detection method should extract exactly the reactive and distorted parts of the current. The proposed DCAP method is based on power calculation. The ip-iqmethod is based on the IRP theory but its formulation is modified to allow its own algorithm to be applied to single phase application. Then the current detection harmonic is applied.

Single-phase circuit ip-iq harmonic detection algorithm

Assuming that the grid voltage [START_REF] Ma | Improved Detection Method of Current Component Based on Instantaneous Reactive Power Theory[END_REF][START_REF] Qianju | An improved method for harmonics detection in single-phase circuits[END_REF][START_REF] Hua | Study on control method of singlephase active power filters[END_REF] of a single-phase circuit is:

(1) And the single phase load current, which perturbed by harmonics, is:

∑ (2)
That gives after decomposition:
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{ ( 4 
)
One I 1p and I 1q are calculated, the harmonic component is then deduced as fallowing [START_REF]IEEE Recommended Practice and Requirement for Harmonic Control in Electrical Power systems[END_REF] Where, I 1 and φ 1 are the amplitude of the fundamental wave current and the phase angle respectively. I h and φ h represent h power of harmonic current amplitude and phase angle respectively. I 1p is the amplitude of the active current component i 1p (t) and I 1q is the amplitude of the reactive current component i 1q (t).

To calculate I 1p and I 1 q , the ip-iq algorithm introduces fictitious active and reactive currents noted by i p (t) and respectively i q (t)defined by [START_REF] Nohra | A Four-leg active power filter for harmonic mitigation and reactive power compensation in unbalanced loads systems using CFL technology[END_REF].

{ (6)
That gives, by substituting i L (t) given by ( 2) in ( 6):

∑ ( ) ∑ { [ ] [ ]} (7)
Similarly, i 1q (t) is formulated as:

∑ { [ ] [ ]} (8)
From the above equations, the DC component ̅̅̅̅̅̅ of is proportional to I 1p . The DC part of is obtained through a LPF, then the amplitude of the fundamental active current in ( 4) is given. The same procedure is applied to the reactive part that gives the amplitude of the fundamental reactive current in (4). The harmonic current component is then deduced from (5). Figure 1 shows the principle of single phase circuit ip-iq harmonic detection method. 

Single-phase circuit DCAP harmonic detection algorithm under voltage source perturbation

The DCAP method is based on a new definition for active current in case of unbalancing and distortion of source voltages. It could be applied in single phase, three phase three-wire and three phase four-wire systems [START_REF] Hannanohra | A Novel Instantaneous Power Based Control Method for a Four-Wire SAPF operating with Highly Perturbed Mains Voltages[END_REF].This methodis under patent process, for that, it is not described in detail in this paper, onlyits bloc diagram in figure.2 and its results are presented. Where, i a (t) is the active current component. Then the reactive and distorted current component i rh (t) is deduced like as the following equation. ( 9)

Discussion on the single-phase circuit ip-iq harmonic detection algorithm under voltage source perturbation

The harmonic current detection method should extract exactly the reactive and distorted parts of the current. The ip-iq based on current detection method does not take into account the active part contribution of the h power harmonic component if voltage source contains the same h power harmonic.

Consider that the voltage source is [START_REF] Zhengpeng | Harmonic and reactive power compensation based on the generalized instantaneous reactive power theory for three-phase four-wire systems[END_REF] And the load current contains 5th harmonic order as following. Note that the order of harmonics components in the current can be different of the order of harmonics in voltage source. It can be the third harmonic order.

( ) ( ) (11) 
Where,V 1 , V 5 are the amplitude of the fundamental wave and respectively the 5 th harmonic wave of perturbed voltage source.

The active power absorbed by the load is by definition

∑ ( 12 
)
In this case for [START_REF] Zhengpeng | Harmonic and reactive power compensation based on the generalized instantaneous reactive power theory for three-phase four-wire systems[END_REF] and (11)

In the 5 th harmonic load current component there is a part of active current contribution that should be added to the fundamental active current in the source. Active currents components are in phase shift with the fundamental voltage source component, so, the total active current amplitude on the source is then:

And it can be written as:

With,I 1a is the amplitude of active part of the fundamental andI 5a is the amplitude of active part of the 5 th harmonic that contribute to the active current in the source in the case of perturbed voltage source at the same h power harmonic .I a is the amplitude of active current on the source side. So the harmonic component [START_REF] Qianju | An improved method for harmonics detection in single-phase circuits[END_REF] can be written as an active part, i ha , that contributes to the active fundamental current and don't should be compensated and a reactive part, i ha , that should be compensated.

(

) 15 
The DCAP method based on the calculation of power [START_REF] Hanna Nohra | A control strategy in Active Power Filter for power quality improvement[END_REF] takes into account the current expressed by [START_REF] Ma | Improved Detection Method of Current Component Based on Instantaneous Reactive Power Theory[END_REF]. Then, it can be written, for the DCAP method, the active current in ( 16).

(

) 16 
The reactive and distorted current given by ( 9) and ( 15) is then.

(

) 17 
For the ip-iq method, by applying the algorithm in figure 1, the active current is so expressed by [START_REF] Hannanohra | A Comparative Study between a Conventional Two-Level and a Flying Capacitor Four-level VSI for Use in Four-Wire Shunt APF Applications[END_REF].

And the reactive and distorted current i rh (t) by (19) deduced from ( 5).

(

) 19 
From equations above, it is shown that the active current extracted by the DCAP ( 16) is not the same that the current extracted by the ip-iq method [START_REF] Hannanohra | A Comparative Study between a Conventional Two-Level and a Flying Capacitor Four-level VSI for Use in Four-Wire Shunt APF Applications[END_REF]. It can be higher than i 1p (t) given by [START_REF] Hannanohra | A Comparative Study between a Conventional Two-Level and a Flying Capacitor Four-level VSI for Use in Four-Wire Shunt APF Applications[END_REF] or lower than if is negative. Also, reactive and harmonic current are not the same on the two method because in the ip-iq method the h power harmonic current component is compensated but in the DCAP method the reactive part i hr (t) in ( 15) of this current is just compensated, in addition to the difference on active currents.

III. SIMULATIONRESULTS AND DISCUSSION

The simulation platform is built with 2-level Voltage Source Inverter (VSI) based on SAPF connected to the single-phase distribution network that feeds a non-linear load presented as shown in Fig. 3.

The system was simulated and studied in case of perturbed voltage source. The source voltage is expressed as follow:

(20) v af is the fundamental components:

(21) , is the fifth harmonic system perturbation:

(22) Table 1 shows the numerical values for voltage and load current in the considered case of operation. In accordance with(20),( 21) and ( 22), Fig. 4showsthe phase-neutral voltage waveform, and Fig. 5 presents the load current. 6 shows the active currents issued from ( 16) for the DCAP method and from [START_REF] Hannanohra | A Comparative Study between a Conventional Two-Level and a Flying Capacitor Four-level VSI for Use in Four-Wire Shunt APF Applications[END_REF] for the ip-iq method. It is evident that the active current based on DCAP is greater than that of the ip-iq because it takes in consideration the contribution of the active part of the fifth harmonic. It is more accurate than that of the ip-iq method. Fig. 6. active current issued from the DCAP (red) and ip-iq method (blue) Accordingly to the fact described on top, the reactive and distorted current component given by both methods and expressed by ( 17) and ( 19) don't have the same shapes because, in one side, the active components aren't the same and, in other side, seeing that the DCAP method compensates the reactive part of fifth harmonic and not its totality as in the other method. Figure .7 shows the difference between these reference currents. So, in the ip-iq method, the active part of fifth harmonic is taken as compensation current. In this case the active power related to this component is provided by the filter. This consequence can be evidenced by the existence of current, on the output of the DC voltage regulator, needed to equilibrate the voltage on the Dc side. This current is extracted as shown in scheme in figure 8.iac_DC is the sinusoidal active current component, in phase shift with the fundamental wave of the voltage source, absorbed by the filter to equilibrate the DC voltage of the inverter. If this current is different to zero, then, an amount of active power, expressed by (23), is absorbed by the filter from the source. (23) Iac_DC is the amplitude of the iac_DC component. The details on the parameters setting of the PI regulator are given in [START_REF] Hannanohra | A Comparative Study between a Conventional Two-Level and a Flying Capacitor Four-level VSI for Use in Four-Wire Shunt APF Applications[END_REF]. Figure 9 shows the difference on the iac_Dc currents for the two methods. a)ip-iq method.

b)DCAP method. 

Simulation results for the DCAP method under perturbed voltage source

Inthe following, simulation results are performed for the DCAP method. According to fig. 3, the load is increasing at 1,5s.Figure 10 presents the load current variation. The THD of load current is 63,6% before load variation and 38% after load variation. The current in the source remains sinusoidal when voltage source is perturbed. The THD of voltage source, presented in Fig. 4, is 16%. Fig. 11 shows the dynamic of the source current.Figure 12 shows that the current in the source is in phase shift with the fundamental of voltage source. The THD of the current is 5.22% and PF equal to 0.99. Fig. 13 shows that the current in the source is in phase shift with the fundamental of voltage source after load variation. The THD of the current is 2.14%and the PF is equal to 1. This result shows the performance of the DCAP on terms of Power Factor (PF). The current is on phase shift with the voltage source that leads to a unit PF. Table 1 shows the numerical values of the THD for load and for voltage source and source current and the PF of source current. In this paper, a comparative analysis of two harmonic compensation methods, one based on power calculation and the other based on current detection, has been presented. Both methods are analyzed in case of a perturbed source voltage. It is shown that the DCAP method exhibits the highest performance by ensuring compensation without absorbing energy on the DC bus, and ensures sinusoidal source currents with a 2.14% THD that meets the standards in case of highly perturbed source voltage.
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 1 Fig. 1. Single phase diagram for ip-iq harmonic detection method

Fig. . 2 .

 2 Fig. .2. Bloc diagram for reactive and harmonic current detection DCAP method.

Fig. 3 .

 3 Fig.3.VSI 2-level scheme on SAPF application. All experiments are made with the following numerical values:  Source frequency: f= 50Hz,  2-level VSI inverter:C =1mF, L f =10mH  Reference voltage of DC-Bus=600 V  Modulation frequency: f sw =10kHz  Load: current source (I 1 and I 5 ) , R= 25 Ω, L=10mH.
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 4 Fig.4.Perturbed voltage source waveform
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 7 Fig. 7. Reference currents obtained by DCAP and ip-iq methods.
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 8 Fig.8. Dc voltage regulation scheme.

Fig. 9 .

 9 Fig. 9. Current needed for the regulation of DC bus From results above, it is shown that the accurate extraction of the active current component leads to the equilibrating of DC bus voltage without absorbing of power fig.9.b for the DCAP method.
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 10 Fig.10. Load current variationiLa
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 1113 Fig.11. Dynamic of source current
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 14 Fig.14. DC voltage variation IV. CONCLUSION

Table 1 .

 1 Numerical values for source voltage and current.

	Voltage	Current	Phase shift

Table 1 .

 1 Numerical value of THD of voltage source, load and source currents.Numerical values of PF

		before load	after load
		variation	variation
	Voltage source	THD=16%	THD=16%
	Load current	THD=63.6%	THD=38%
	Source current	THD=5.22%	THD=2.14 %
	PF of source	PF=0.99	PF=1
	current		
	Fig. 14 shows that dynamic of the DC voltage. The voltage
	reference is 600V.		
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