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I. INTRODUCTION 
Photovoltaic systems are a critical component in addressing the national mandates of achieving energy 

independence and reducing the potentially harmful environmental effects caused by increased carbon emissions. 

Due to variations in solar insulation and environmental temperature, photo-voltaic systems do not continually 

deliver their theoretical optimal power unless a maximum power point tracking (MPPT) algorithm is used. 

MPPT algorithms are designed in order for the photovoltaic system to adapt to environmental changes so that 

optimal power is delivered. Typically, MPPT algorithms are integrated into power electronic converter systems, 

where the duty cycle of the converter is controlled to deliver maximum available power to the load [1], 

[2].Several MPPT algorithms have been reported in the literature. The most common of these algorithms is the 

perturb and observe (P&O) method [3]–[5]. 

        In recent years, a high number of PV systems with a power capacity up to some megawatts have 

appeared in the distributed generation (DG) scenario. Usually, these PV systems are connected to the 

commercial utility grid [1]–[8]. They can also form a microgrid with other DG resources, energy storage 

systems, and local loads [9]–[11]. Regardless of the output connection, power quality is an essential feature of 

PV systems. The quality of power is mainly governed by practices and standards on voltage, frequency, and 

harmonics [12]–[14]. In particular, PV systems should have low current harmonic distortion to assure that no 

adverse effects are caused to other equipment connected to the utility grid or the microgrid. The common 

practice is to accept a maximum total harmonic distortion (THD) of 5% at rated inverter output [12]. The 

resonant current control has been extensively employed to reduce the current harmonic distortion in a wide 

range of DG applications [15]–[21], including PV systems [22]–[24], wind and water turbines [23]–[26], and 

fuel-cell inverters [27], [28]. Essentially, this control uses a proportional-resonant (PRES) compensator to track 

the fundamental component of the current reference signal and a resonant harmonic (RESH) compensator to 

attenuate the most important current harmonics [18], [23]. Satisfactory results are easily achieved with this 

control since the resonant compensators are capable of tracking sinusoidal references of arbitrary frequency with 

zero steady-state error [17]. The main problem of the resonant current control is the performance deterioration 

given by abnormal conditions in the utility grid. In such conditions, grid voltage harmonics and phase 

imbalances may create current reference signals with non sinusoidal distorted waveforms. Also, grid voltages 

inter harmonics which often appear in standard variable-speed drive applications produce distorted reference 
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signals. As a result, the current harmonic distortion is increased due to precisely the ability of the resonant 

current control to accurately track the distorted reference waveforms. 

Several advanced control schemes, which are characterized by a high harmonic rejection capability, 

have been recently introduced to cope with the formulated problem [29]–[34]. In these control schemes, the 

current references are generated by separately processing the positive and negative sequence components. 

Sophisticated phase-locked loop (PLL) algorithms are also required to generate good-quality sequence compo-

nents not affected by voltage harmonics, inter harmonics, and imbalances [33], [34]. The inherent drawbacks of 

these control solutions are an inevitable increase of both control complexity and computational load. As an 

interesting alternative, high harmonic rejection capability is achieved for single-phase applications in [35] and 

[36]. In these works, the RESH compensator is connected in series with the PRES compensator instead of the 

typical parallel configuration of the standard resonant current control [23], [24]. Low current distortion is 

obtained even during polluted grid conditions with a simple control structure, similar to the standard one. As a 

starting point, this paper takes into account the main idea introduced in [35] and [36]. That is, it is possible to 

devise simple resonant control schemes for the injection of grid current with low distortion. A simple control 

scheme is proposed here as a good alternative of previous control solutions for voltage-source three-phase PV 

inverters connected to the utility grid. In the proposed control, PRES and RESH compensators are connected in 

parallel as opposed to the controllers reported in [35] and [36]. The novel control configuration is also different 

to the standard resonant control [24]. As confirmed here in after, the proposed control improves the current 

harmonic distortion even in the case that the current references exhibit distorted waveforms. Thus, the main 

contribution of this work is the novel resonant current control intended for three-phase applications which 

features high harmonic rejection capability and low computational load as compared with the standard resonant 

current control. 

This paper is organized as follows. Section II provides the problem context for MPPT of photovoltaic 

systems as well as the background for the dynamics of the three-phase PV inverter. Section III analyzes the 

standard resonant control and reveals its limitations. Section IV presents the proposed control and discusses its 

main features. Section V reports on selected experimental results from a three-phase PV inverter prototype. This 

practical work verifies the expected features of the proposed control. Section VI is the conclusion. 

 

II. THREE-PHASE DG PV INVERTER 
 

A. Modeling of PV and Characteristics 

The strategy of modeling a PV module is no different from modeling a PV cell. It uses the same PV 

cell model (Odeh I, et al., 2006). The parameters are the all same, but only a voltage parameter (such as the 

open circuit voltage) is different and must be divided by the number of cells. The model consists of a current 

source (IPh), a diode (D), and a series resistance (Rse). The effect of parallel resistance (RPa) is very small in a 

single module, thus the model does not include it. To make a better model, it also includes temperature effects 

on the short-circuit current (Isc) and the reverse saturation current of diode (Mezghanni D, et al., 2007). It uses a 

single diode with the diode ideality factor (n) set to achieve the best I-V curve match. 

 

 

 

 

 

 

 

 

    

Fig. 2.1.Equivalent circuit of PV cell 

I=IL-I0[e
q(V-IR

S)/AKT-1]-(V-IRS)/RSH                  (1) 

                                 
Fig.  2.2. Current–voltage characteristics of photovoltaic systems under various levels of solar insolation. 
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Fig. 2.2 presents the current–voltage (I–V) characteristics of photovoltaic systems under various levels 

of solar insolation. The MPP occurs at the so-called ―knee‖ of the I–V curve, (VM , IM ): when either VM or IM is 

achieved, the maximum available power PM is obtained. 

 

 
Fig.  2.3. MPPT controller of a photovoltaic boost converter system. 

 

A photovoltaic system can regulate the voltage or current of the solar panel using a dc–dc converter 

interfaced with an MPPT controller to deliver the maximum allowable power [17], [18]. Fig. 2.3 shows the 

integration of such a system where a boost converter is utilized to deliver optimal power to the load. De-pending 

on the application, other power converter topologies may be used in place of the boost converter. In the boost 

converter system shown in Fig. 4, the MPPT controller senses the voltage and current of the solar panel and 

yields the duty cycle d to the switching transistor S. The duty cycle of the transistor is related to the array 

voltage through 

Vpv=ipvR0(1-d)
2                  

                     ( 2) 

 

where vPV and iPV are the array voltage and current, respectively, and RO is the load resistance. Both the 

array voltage and current consist of dc (average) terms, VPV and IPV , as well as ripple terms ,VPV  and IPV . The 

goal then is to design a controller that continually calculates the optimal value of the duty cycle so that VPV 

tracks VM (or IPV tracks IM ) and thus delivers the maximum available power. 

 

B. Three-phase DG PV Inverter 

Fig.2.4 shows the diagram of the three-phase PV inverter. It includes a PV array, a dc-link capacitor, 

and a three-phase voltage-source inverter. The switches of the inverter are gov-erned by the discrete variables u, 

which can take the value −1 or 1. The inverter employs an LC L filter to reduce the high-frequency switching 

harmonics [23]. Small resistive parasitic elements are considered in this filter. Also, a damping resistor is 

intentionally introduced in series with the capacitors in order to attenuate the LC L peak magnitude at the 

resonance frequency. Normally, the losses in this resistor are negligible [1]. The utility grid is modeled as three 

ac voltage sources. 

 

 

 

 

 

 

 

 

 

Fig. 2.4.  Diagram of the three-phase PV inverter. 

 

C. Open-Loop Model of the Three-Phase PV Inverter 

The starting point for the analysis of the resonant current control is an averaged model of the three-

phase PV inverter [23], [38]. A circuit representation of this averaged model in the stationary reference frame is 

shown in Fig. 2.5 The inputs of the model are the dc-link voltage Vi, the grid voltage vg  and the control inputs d, 

which can take continuous values inside the range. The outputs of the model are the inverter current ii and the 

grid current io. 

−1 ≤ dα  ≤ 1                                   (3) 

−1 ≤ dβ  ≤ 1.                                  (4) 
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        Fig. 2.5  Averaged circuit model of the three-phase PV inverter,  

where Zi(s) =Lis + ri, Zo(s) = Los + ro, Zc(s) = 1/(Cs) + Rc, and s is the Laplace operator. 

 

D. Resonant Current Control 

Fig. 2.6 shows the standard configuration of the resonant current control [24]. The error between the 

inverter current and the reference signal is processed by two compensators connected in parallel: the PRES 

compensator H1(s) and the RESH compensator H2(s). The inverter current is normally employed in the control 

instead of the grid current. This fact reduces the number of the required current sensors and increases the system 

robustness [1]. The grid voltage and the dc-link voltage are used as feed forward signals in order to improve the 

dynamics of the system. The system capability to reject external disturbances is also enhanced with these 

feedforward signals [38]. From Fig. 2.6, the control inputs can be written as Hd (s), not shown in Fig. 2.6, is the 

transfer function that models the control processing time delay Td [1] 

 

 
Fig. 2.6.Standard  resonant current control in the stationary reference frame. 

dα=2/Vi[vgα+(H1(s)+H2(S))(i
⃰
α-iiα)]Hd(s)               (5) 

          dᵝ=2/Vi[vgᵝ+(H1(s)+H2(S))(i
⃰
αᵝ-iiᵝ)]Hd(s)       (6) 

                        Hd(s) = e
−Tds

.                              (7)      

 

E. Closed-Loop Model of the Three-Phase PV Inverter 

The analysis of the system can be carried out by means of a closed-loop dynamic model. This model is 

derived by placing (3) and (4) into the open-loop model shown in Fig. 2.5, resulting in 

ioα(s) = Gr (s)iα
∗(s) + Gg (s)vgα(s)      (8) 

ioβ (s) = Gr (s)iβ
∗(s) + Gg (s)vgβ (s)    (9) 

Where the reference-signal-to-grid-current transfer function and the grid-voltage-to-grid-current transfer 

function can be ex-pressed, respectively, as 

                    Gr (s) =Zc(s)Gi (s) (H1(s) + H2(s)) Hd(s)/ 1 + T (s)        (10) 

Gg (s) = −Gi(s) (Zi(s) + (H1(s) + H2(s)) Hd(s))/ 1 + T (s)     (11) 

 

Moreover, the loop gain T (s) and the transfer function Gi (s) can be written as 

T (s) = (Zc(s) + Zo(s)) Gi(s)*  (H1(s) + H2(s)) Hd(s)   (12) 

                      Gi(s) =1/Zi(s) (Zc(s) + Zo(s)) + Zc(s)Zo(s)               (13) 

 

It is worth mentioning that the closed-loop dynamics of the grid current does not rely on the dc-link 

voltage; see (6) and (7). Essentially, this fact can be attributed to the feed forward action introduced in (3) and 
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(4) by the dc-link voltage signal. Note that a feed forward signal of the grid voltage is also included in the 

control inputs (3) and (4). However, in that case, the closed-loop dynamics of the grid current is directly affected 

by the grid voltage disturbances through the transfer function Gg (s). As discussed hereinafter, this transfer 

function presents significant magnitude attenuation in the frequency range of interest. Therefore, the direct 

influence of the grid voltage disturbances on the grid current is nearly negligible. 

 

III. ANALYSIS AND LIMITATIONS OF THE STANDARD RESONANT CURRENT 

CONTROL 
The standard resonant current control employs two resonant compensators connected in parallel, as shown in 

Fig. 2.6 [23], 

                                  TABLE  I 

 

PARAMETERS OF THE THREE-PHASE DG PV SYSTEM 
Symbols Quantity Nominal value 

Pm Maximum output power 3.2kw 

Fs Switching frequency 10khz 

Vi,oc Open-circuit PV array output voltage 750V 

Ii,sc Short –circuit PV array output current 5.4A 

Vi,mp Maximum power PV output voltage 650V 

Ii,mp Maximum power PV output current 4.9A 

Li Inverter side inductances 6.9mh 

Ri Inverter side parasitic resistances 0.27ohm 

C Filter capacitors 680nf 

Rc Filter damping resistances 6.8 ohm 

LO Grid side inductances 2.1mh 

RO Grid  side parasitic resistances 0.14 ohm 

Vg Grid voltage (rms, phase to neutral) 200v 

FO Grid frequency 50hz 

Kp Proportional gain 60 ohm 

Ki1 Fundamental integral gain 300ohm s2 

Kin n-harmonic integral gain 300 ohm s2 

ὲ1  Fundamental damping factor 0.01 

ὲn  n-harmonic damping factor 0.01 

N Selected harmonics to be attenuated 5,7,11,13 

Td Control processing delay time 100us 

 

[24]. The PRES compensator ensures the correct tracking of the fundamental component of the current reference 

signal. The RESH compensator attenuates the selected grid current harmonics. Both compensators can be 

written as follows [15], [22], [35]: 

H1(S)=kp+(ki12ὲ1w0s)/s
2
+2 ὲ1w0s+w0

2
                  (14) 

H2(S)= ∑kin2ξn(nωo )s/ s
2
+2 ξn (nwo)s+(nwo)

2
     (15)      

 

Table I defines the parameters of these compensators and lists the values used in this work. Also, the 

values of the three-phase system are given in Table I. The power circuit components have been chosen 

following the design guidelines reported in [23]. Fig. 3.1 shows the Bode magnitude diagram of the resonant 

compensators. 

The features of the standard resonant current control emerge from the analysis of the transfer functions 

(8)–(10). The Bode diagrams of these functions are shown in Fig. 4.1. Note that the system is stable with a 

phase margin of 38.4
◦
 at the crossover frequency of 1.1 kHz; see Fig. 4.1(a). Moreover, the grid-voltage-to-grid-

current transfer function Gg (s) has significant magnitude attenuation in the frequency range of interest (i.e., Gg 

(s) → 0 in this frequency range); see Fig. 4.1(b). Thus, from (6), it is easy to observe that the grid voltage 

disturbances do not directly affect the grid current dynamics. Additionally, the reference-signal-to-grid-current 

transfer function Gr (s) has a 

 

  
Fig. 3.1. Bode magnitude diagram of the PRES and RESH compensators employed in the standard resonant 

current control. 
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flat 0-dB magnitude within the system bandwidth; see Fig. 4.1(c). This ensures that the grid current tracks 

accurately the reference signal, even in the undesired situation in which this signal has significant harmonics. 

Consequently, from (6), the harmonic distortion present in the reference signal will be transferred to the grid 

current. The reference signal harmonic distortion may be caused by grid disturbances such as voltage harmonics 

or imbalances. This is, in fact, an indirect mechanism to increase the output current harmonic distortion through 

grid voltage disturbances when using the standard resonant current control. 

 

IV. PROPOSED RESONANT CURRENT CONTROL 
The main objective of the proposed control is to achieve low harmonic distortion in the grid current 

even during grid abnormal conditions. This feature should be accomplished without increasing the control 

computational load. 

 

A. Control Configuration 

Fig. 4.2 shows the diagram of the proposed control scheme.   Note that the configuration is very similar 

to the standard control shown in Fig. 2.6. Both the grid voltage and the dc-link voltage are included as feed 

forward signals. The proposed control also has two resonant compensators, but in that case, the input of the 

compensator located on the bottom is the inverter current instead of the error between this current and the 

reference signal. This is one of the differences between the standard and the proposed control schemes. The 

second one is the configuration of the resonant compensators. The control objectives are reached if the resonant 

compensators are chosen as follows: 

H3(S) =Ki12ξ1ω0s/ s
2
+2 ξ1 wos+wO

2
                               (16) 

H4(S) = Kp+∑ Kin2ξn (nω0) s/ s
2
+2 ξn (nw0) s+(nwO )

2
   (17) 

 

 Note that the first compensator includes only the fundamental resonant term and the second 

Compensator compresses both the proportional and the harmonic resonant terms. It is worth mentioning that 
 

H1(s)+H2(s)= H3(s)+H4(s)                                                   (18) 

 
 

 

 
      Fig.4.1.bode diagram of the standard resonant current control. 

 

(a) loop gain transfer function T (s), grid-voltage-to-grid-current transfer function Gg (s), and  

(c) reference-signal-to-grid-current transfer function Gr (s). 
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 Fig. 4.2 .Proposed resonant current control.                  Fig. 4.3.  Bode magnitude diagram of the 

compensators employed in the pro                                   posed resonant current control 

        

 So that it is expected to achieve the same computational load with both control schemes. Fig. 4.3 shows 

the Bode diagram of the proposed compensators. 

 

B.Closed-Loop Transfer Functions 

From Fig. 4.2, the control inputs of the proposed scheme can be written as 

dα=2/Vi[vgα+H3(s)(i
*

α-iiα)-H4(s)iiα]Hd(s)                         (19) 

 

dᵝ=2/Vi[vgᵝ+H3(s)(i
*

ᵝ-iiᵝ)-H4(s)iiᵝ]Hd(s)                           (20) 

 

The closed-loop transfer functions of the proposed control are derived by inserting (17) and (18) in the open-

loop model shown in Fig. 2.5, resulting in 

T(s)=(ZC(s)+Z(s))Gi(s)(H3(s)+H4(s))*Hd(s)                       (21) 

Gr(s)= ZC(s) Gi(s)H3(s) Hd(s)/(1+T(s)                                 (22) 

          Gg(s)=-[Gi(s)(Zi(s)+(H3(s)+H4(s))Hd(s))/(1+T(s))    (23) 

 

It is worth mentioning that the aforementioned transfer functions do not rely on the steady-state values of d and 

Vi, as usual [22], [35]. This fact can be attributed to the use of the 

 

 
Frequency(Hz) 

Fig. 4.4.  Bode diagram of the reference-signal-to-grid-current transfer function for the proposed  resonant 

current  control. 

 

 Feed forward signal Vi  in the control input generation; see (3) and (4).Taking into account (16), it is 

easy to prove that the loop gain and the grid-voltage-to-grid-current transfer functions coincide with (9) and (10). 

As a consequence, the measures obtained from Fig. 4.1(a) and (b), including the relative stability, crossover 

frequency, and direct rejection capability of grid voltage disturbances, are also valid for the proposed control 

scheme. The reference-signal-to-grid-current transfer function is, however, quite different from that shown in 

Fig. 4.1(c). Instead of a flat shape, Fig. 4.4 shows that this transfer function has a band pass filter behavior. Note 

that 0-dB gain is only achieved at the grid frequency. 

 In addition, high dips in the magnitude diagram are noticed at the selected harmonic frequencies (250, 

350, 550, and 650 Hz). It is interesting to note that inter harmonics with frequencies not located in the vicinity of 

integer harmonics will experience a high attenuation. This is a promising feature of the proposed control scheme 
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which is not shared by the standard control scheme; see Fig. 4.1(c). As a consequence, an accurate tracking of 

the fundamental component of the current reference signal is expected in the proposed control scheme. Also, the 

reference signal integer harmonics and inter harmonics are strongly attenuated, and therefore, a low harmonic 

distortion of the grid current is also expected in the proposed control scheme. 

 

V.SIMULATION RESULTS 
 Xszq zxThis section simulates the proposed control. A performance comparison with the standard and 

some selected advanced controls is also reported 

 

A. Experimental Setup 

Fig. 5.1 shows the experimental setup of the three-phase grid-connected PV inverter system. It consists 

of a dc source configured to emulate the PV array (Amrel SPS-800-12-D013), a 4.5-kVA Semikron three-phase 

inverter, and an ac 

  

 

 

 

 

 

 

 
 

 

 

 

 Fig . 5.1.Experimental setup of the three-phase grid-connected PV inverter system    

                                  

Fig. 5.2. Diagram of the complete control system. (a) External control loops. (b) Internal control loops and 

modulator. The standard configuration of these internal loops is shown in Fig. 2.6. The configuration proposed 

in this paper is shown in Fig. 3.3 

 

Programmable source  (Chroma 61704). The experimental setup is completed with a 4-kW resistive 

load connected in parallel with the ac source. This local load is necessary in the setup since the ac source cannot 

absorb the active power injected by the inverter. 

The digital control platform employed in the setup is based on a floating-point TMS320F28335 DSP. 

Fig. 5.2 shows a diagram of the complete control system. It includes the conventional external control loops, 

i.e., the dc-link voltage regulation loop, the reactive power regulation loop, and the PLL [24]. The diagram of 

the internal control loops and the space vector modulator is shown in Fig. 5.2(b). Details on the discrete 

implementation of the resonant compensators can be found in [37]. The values of the control loop parameters 

are listed in Tables I and II. 

B.MATLAB setup: 
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Fig .5.3:-matlab/simulink model of  three-phase grid-connected PV inverter system 

 

 
 

                             Fig.5.4 :- matlab/simulink model of  three-phase grid-connected PV inverter system internal 

controller 

 

                              
Fig.5.5 :-matlab/simulink model of  three-phase grid-connected PV inverter system discrete pv pwm generator 

 
Fig .5.6:- matlab/simulink of  PV generation system 
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Fig.5.7 matlab/simulink of  PV sub model 

 

 
Fig.5.8:  Simulated I–V characteristic waveforms of PV module. 

 

B. Current THD Measures 

An extensive set of measures has been carried out in order to compare the current harmonic distortion 

provided by the standard and the proposed control schemes. The first set of experiments considers an ideal grid 

situation, i.e., the voltage supplied by the ac source has both negligible harmonics and no appreciable imbalance. 

In that situation, the standard and the proposed schemes provide very similar results (not shown here). 

The second set of experiments considers a grid with high voltage distortion. The experimental 

waveforms for this case are shown in Fig. 5.3, and the THD measures are listed in Table III. Different voltage 

harmonic contents were programmed in the ac source for each grid phase to reproduce a challenging practical 

situation. Note that the performance of the 

 

Table  II . Parameters Of The External Control Loops 
s.no symbols quantity Nominal value 

1 fm Sampling frequency 10khz 

2 Kp,p Proportional gain of SRF PLL 1.77rad/(vs) 

3 Ki,p Integral gain of SRF PLL 157.91RAD/(VS)
2 

4 Q* Reference signal of the dc-link voltage control 

loop (Q loop) 

0 VAr 

5 Kp,q Proportional gain of the Q loop 0.0001(v)-1 

6 Ki,q Integral gain of the Q Loop 0.0001(vs)-1 

7 Vi
* Reference signal of the dc-link voltage control 

loop (DC-link loop) 

650V 

8 Kp,v Proportional gain of the DC-link loop 0.005A/V 

9 Ki,v Integral gain of the Q Loop 0.01A/(VS) 

  

Standard current control is poor when the RESH compensator is not employed. In particular, phase c 

current has a harmonic distortion that exceeds the THD limits [12]. The activation of the RESH compensator 

improves the performance of the standard current control. In fact, the current THD is drastically reduced in this 

case, and all measures are well below the 5% limit. The proposed control further reduces the harmonic distortion 

and leads the current THD to almost negligible levels. 
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The last set of experiments considers a grid with voltage harmonics and imbalances. The grid voltage is 

characterized as 1∠0
◦
, 0.76∠131

◦
, and 0.76∠229

◦
, where magnitudes are expressed in per unit and phases are 

expressed in degrees. Fig. 5.4 and Table IV show the experimental measures. Note that the current has 

experienced an increase due to the reduction. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 5.9.Experimental results for a grid condition with high voltage THD. 

 

(a) Grid voltage (100 V/div). Inverter current (3.2 A/div) using (b) the standard control without RESH 

compensator, (c) the standard control with RESH compensator, and (d) the proposed control.                                                                        

TABLE  III 

  Grid current THD (in percent) for a grid condition  with high voltage THD (in percent) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.10. Experimental results for a grid condition with high voltage THD and voltage imbalance. (a) Grid 

voltage (100 V/div). Inverter current (3.2 A/div) using (b) the standard control without RESH compensator, (c) 

the standard control with RESH compensator, and (d) the proposed control.                                        

 

Table Iv 
s.no Control scheme Vga Vgb Vgc ioa iob ioc 

1 Standard w/o RESH 5.3 5.5 7.2 6.9 6.0 6.6 

2 Standard w/o RESH 5.2 5.5 7.4 6.2 5.3 5.1 

3 Proposed control 5.3 5.6 7.4 1.0 1.0 1.3 

 

Table V 

Comparison Of Resonant Current Control Schemes 
s.no Resonant current 

Control scheme 

Total execution 

time 
  µs             %                                         

Abnormal grid performance  

1 Standard w/o RESH 13.6 42.1 poor 

2 Standard w/o RESH 17.5 54.2 medium 

3 Proposed control 17.5 54.2 Good  

4 Advanced control 1 32.3 100 Excellent  

5 Advanced control 2 24.2 74.9 Good  

S.NO Control scheme Vga Vgb Vgc ioa iob ioc 

1 Standard w/o RESH 4.0 4.5 7.5 3.6 3.4 5.7 

2 Standard w/o RESH 3.7 4.7 7.8 1.8 1.8 2.3 

3 Proposed control 3.8 4.8 7.8 1.0 1.2 1.5 
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6 Advanced control 3 26.7 82.7 Excellent 
 

                  

Grid current THD (in percent) for a grid condition with high voltage THD (in percent) and voltage 

imbalance of the grid voltage. Basically, the dc-link voltage control loop has enlarged the amplitude of the 

current reference signals in order to maintain constant the injection of the active power. What is more important 

is that the standard control produces unsatisfactory results. The current THD of the three phases exceeds the 

limit even when the RESH compensator is used. On the contrary, the proposed control provides good results. 

The current THD is low and similar to the value measured when the grid has no voltage imbalance. This feature 

should be attributed to the ability of the proposed control to eliminate the harmonics present in the current 

reference signals. It is worth mentioning that the injected currents exhibit a small amplitude mismatch produced 

by the voltage imbalance. It is expected that this small mismatch has insignificant adverse effects on the power 

system. 

 

C. Computational Load Measures 

The execution time of the previously described resonant current control schemes has been measured. 

Table V lists the total computing time of the complete control systems, including external control loops, internal 

control loops, and modulator. Note that the proposed control has the same computational load as the standard 

control with RESH compensators but with a higher current harmonic rejection capability (as verified in the 

previous section). 

A performance comparison with several advanced control schemes is also reported. Advanced control 1 

is a current control formulated in the synchronous reference frame [29]. It uses positive and negative sequence 

components to generate the current references. Also presented in [29], advanced control 2 is a current control 

formulated in the natural abc frame. It exhibits a reduced execution time in comparison with advanced control 1 

because multiple reference frames and symmetrical sequence components are not required. However,a PLL 

algorithm capable of measuring positive and negative instantaneous phases is required in both advanced 

controls, which increase the complexity of these control systems. In this study, the PLL algorithm presented in 

[30] is employed to measure the execution time of these control schemes. Advanced control 3 is a current 

control formulated in the stationary reference frame [31]. Based on the ideas introduced in [32] and [33], this 

control also uses symmetrical sequence components for the current reference generation. For practical 

application, this control scheme requires a sophisticated frequency-locked loop (FLL) for grid synchronization. 

The FLL presented in [34] is used in this work to measure the execution time of this control approach. As a final 

remark, from Table V, it can be concluded that the proposed control is an intermediate solution with good 

enough performance and low computational load. 

 

VI. CONCLUSION 

  A resonant current control intended for three-phase PV inverters connected to the utility grid has been 

presented in this paper. The limitations of previous control schemes that employ resonant compensators both to 

accurately track the fundamental component of the current reference signals and to attenuate the most important 

current harmonics have been highlighted. In order to improve the efficiency of photovoltaic systems, MPPT 

algorithms are used, aiming to deliver the maximum available power from the solar array to the load. Critical 

issues to be considered in the MPPT algorithms include system complexity, uncertainty, and dynamical 

performance. 

An indirect mechanism that produces current harmonics from abnormal grid situations (such as voltage 

harmonics and imbalances) through the inadequate operation of the external control loops has been identified. 

The proposed resonant control breaks the disturbance injection mechanism by employing the same 

compensators that the standard current control uses but inter-connected in a different configuration. As a result, 

the main contribution of this paper is to introduce a resonant current control scheme which features low current 

harmonic distortion and low computational load. In fact, the computational load is exactly the same as that of 

the standard resonant current control while the current harmonic distortion is significantly reduced, particularly 

during grid abnormal conditions. Selected experimental results from a three-phase grid-connected PV inverter 

have been reported confirming the expected features of the proposed control scheme. 
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