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 A new control strategy that combines the resonant controller and the 

repetitive-controller based on the disturbance-observer (RSCDO) for off-

grid four-leg voltage source inverter (VSI) has been presented in this paper. 

The aim of the new controller is to regulate the inverter output voltage, 

reducing as much as possible the voltage total harmonic distortion (THDv) 

in every load condition. The resonant controller allows to adjust the voltage 

at the fundamental harmonic, while the repetitive observer is able to 

compensate the voltage distortions due to inverter nonlinearity. The 

proposed strategy has been at first validated by means of simulation results 

performed in MATLAB/Simulink environment. Then, the new control 

strategy has been implemented in field-programmable gate array (FPGA) 

using LabView environmental and experimental results are performed on the 

40 kVA three-phase 4-leg VSI prototype. 
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1. INTRODUCTION  

The increasing penetration of renewable energy (especially photovoltaic, wind, and micro-turbine), 

and the growing need for reliability and power quality in the distributed generation (DG) units has, in the last 

few years, drawn more attention to direct current (DC) microgrids [1]–[3]. Compared to the alternating 

current (AC) distribution grids, the DC microgrids have several advantages [4]. In fact, thanks to the use of 

more efficient power electronic converter to connect the common DC-bus and DC sources, such as 

photovoltaic (PV), energy storage (ES), wind system, makes the distribution systems more efficient, and 

economical. A typical stand-alone DC microgrid is illustrated in Figure 1. In DC microgrids, the DC/DC 

converters can play an important role in the control of the DC-bus voltage and in maintaining the system 

power balance [5]. AC/DC converters, instead, are mainly used to manage the flow of power generated by 

micro-turbines and wind turbines. Another very important role is played by the DC/AC converter which is 

responsible for supplying the load starting from the DC-bus [6]–[9]. DC/AC conversion systems require high 

performance to ensure highly efficient utilization of DG units [10], [11]. Additionally, the quality of the 

voltage and current provided by the DG units must satisfy several international requirements, like EN-50160 

and electromagnetic compatibility (EMC) EN-61000 [12]. In order to fulfill the mentioned standards, 

attention is paid to both the converter and the output filter employed in the DG units, as well as to the control 

https://creativecommons.org/licenses/by-sa/4.0/
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loop used to regulate the converter. Many converter topologies in combination with output filters have been 

proposed in literature with the aim to enhance the quality of the output voltage [13]. 

 

 

 
 

Figure 1. Block diagram of stand-alone microgrid 

 

 

Obviously, changing in the converter topology can lead to greater use of power semiconductors, 

which results in a greater effort in tuning of the control algorithm [14]. Different control architectures have 

been proposed in the literature with the purpose to control the four-leg voltage source inverter (4L VSI) [15]–

[19]. Kumar et al. in [15], the control strategy based on the proportional resonant controller (RSC) has been 

implemented for grid-connected and stand-alone photovoltaic application. A specific solution to decrease the 

periodic harmonics, which uses repetitive controller is shown in [16], [17]. In such a system, the repetitive 

controller assists the conventional feedback controller, and it works only on the harmonics suppression. The 

repetitive controller and the resonant controller are used in combination in [18]. In this case, the resonant 

controller can track the sinusoidal reference voltage at fundamental frequency, while the repetitive controller 

is able to adjust the other harmonics of the voltage to reduce the total harmonic distortion (THD). Lidozzi et 

al. in [19], the repetitive control works together with the deadbeat control. Deadbeat control is used to rapidly 

compensate the load variation and the repetitive controller provides the harmonics compensation. In any case, 

the voltage or the current provided by the VSI are affected by harmonics due to the effects of non-linear 

loads, devices dead time and modulation. The disturbance-observer (DO) concept has been introduced in 

order to assist the feedback controller [15]–[19] given that the harmonics could be shaped as disturbances. 

Ali et al. in [20], a disturbance observer is designed according to the minimum amount of plant information 

and is used together with proportional controller. Zhu and Fei in [21], instead, the DO is combined with the 

sliding mode controller in photovoltaic applications. In this case, the DO has been designed to estimate the 

parameters’ variations in the photovoltaic system. Furthermore, in order to improve the tracking accuracy and 

to reduce the harmonic distortions on the inverter’s output voltage, an internal model-based disturbance 

observer has been clearly discussed in [22]. The repetitive controller and the feedforward are considered 

similar been highlighted [23]. The DO proposed in [23] acts as a classical repetitive controller by limiting the 

periodic harmonics. In this case, good performances are obtained in a wide range of stability margins. The 

tuning of the proposed DO occurs like the classical DO. When compared to the repetitive controller, the new 

DO can offer the same harmonics suppression performance, and it is easier to tune. It can be added directly to 

any existing feedback control system without causing instability. When compared to the conventional DO, 

the new DO can observe a wider range of harmonics up to the Nyquist frequency. In this paper, a new control 

structure composed by the RSC and the new resonant-controller-like DO is applied to a stand-alone 4L VSI 

in order to improve the power quality of the output voltage and to obtain an excellent dynamic response. 

Figure 2 shows the block diagram of the proposed new control strategy. The regulator of the inverter control 

consists of the RSC and the new DO. The tracking of the reference voltage fundamental harmonic is done by 

the RSC, whereas the DO takes care of removing the DO takes care of removing all harmonics generated by 

the non-linear loads, unbalancing loads and the modulation of the VSI, including the dead-time. In this paper 

the stability analysis of the controller has been discussed, the experimental results have been addressed in 

more detailed considering the unbalancing and non-linear loads, as well as the transient response of the 
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control algorithm has been carried out and a brief comparison with other control strategy has been given. As 

it will be shown in the paper, the RSC plus DO (RSC-DO) provides good dynamic and steady-state 

performance compared to the control strategy proposed in [18], [19]. As illustrated in [19], the voltage 

waveforms are not symmetrical when the controller is enabled. The proposed control avoids the voltage 

unbalance, and the currents are symmetrical in all load conditions. The paper is organized is being as. Section 

2 deals with the inverter topology and output filter description including their transfer functions. Section 3 

presents the proposed control strategy and the analysis of both the RSC and the DO, as well as the stability 

analysis. In section 4 and section 5 the simulation and experimental tests based on 40 kVA 4L VSI prototype 

are illustrated. Conclusions are finally presented in section 6. 

 

 

 
 

Figure 2. Schematic of the control algorithm for off-grid 4L VSI 

 

 

2. CONVERSION SYSTEM DESCRIPTION 

The elimination of the transformer in the stand-alone DC microgrid applications is one of the goals 

given that the size and the weight of the overall structure are reduced. Without the transformer it is 

imperative to implement an alternative way to connect the neutral terminal given that since the current 

flowing in three-phase loads may be unbalanced. There are two ways of connecting the neutral terminal: the 

first one is to connect it in the middle leg of the DC-bus capacitors, as shown in Figure 3 (a); the second one 

is to connect it in the middle of the added leg [24], [25], as illustrated in Figure 3 (b).  

 

 

  
(a) (b) 

 

Figure 3. Neutral terminal connection (a) four-wire topology and (b) four-leg topology 

 

 

Even if the four wire VSI presents a simple solution, it features several problems. In fact, the 

voltages across the capacitors may be different and using the sinusoidal pulse-width modulation (PWM) with 

third harmonic injection, the 3rd harmonic in phase-to-neutral voltages is not canceled. The mentioned 

problems are fixed by the the four-leg VSI topology. However, by adding a leg with two switches and two 

diodes involves the addition of driver circuits. 

 

2.1.  Four-leg voltage source inverter topology 

The VSI converters need control circuits to ensure the best input and output characteristics. 

Switching converter topologies are nonlinear systems due to the presence of power semiconductors [14]. 

Consequently, it is not easy to forecast their dynamic characteristics. The linearization of the power converter 

behavior is at the basis of a more predictable tuning procedure of the related control loops. As discussed in 

[18], the VSI transfer function (TF) of the phase-to-neutral peak output voltage to the peak modulation signal 

is given in (1), where VBUS is the DC-bus voltage, k is the modulation strategy factor and fsw is the switching 

frequency. According to the sinusoidal PWM with third harmonic injection, the gain kgain is 0.57. 
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G4L(s) = kgain
VBUS

1+
s

2πfsw

 (1) 

 

2.2.  Output filter configuration 

The three-phase output filter is properly designed and realized to reduce the switching harmonic 

components from the voltage and current waveforms. The electrical circuit of the single-phase output filter is 

illustrated in Figure 4. There are three branches: 1) the main filter Lf, Cf, 2) the selective damper (Rd, Ld, Cd), 

and 3) the trap (Rf, Lf, Cf).  

 

 

 
 

Figure 4. Electrical circuit of the single-phase output filter 

 

 

The resonant peak provided by the main filter LfCf is damped by the LdCdRd branch. This latter has a 

resonant frequency equal to 1.2 times the main filter LfCf resonance frequency. The resistor Rd acts only in a 

narrow range of the frequency. Switching harmonics are strongly reduced by the trap branch Rf, Lf, and Cf. 

Based on the filter design illustrated in [26], the optimized output filter parameters are: Lf=800 µH, Cf=5 µF, 

Ld=810 µH, Cd=7.2 µH, Rd=20 Ω, Lt=138.5 µH, Ct=1.2 µH, and Rt=60 mΩ. The transfer function of the 

output voltage to the input voltage of the output filter can be derived as in (2),  

 

GF(s) =
1

CfLf

s4+a3s3+a2s2+a1s+a0

s6+b5s5+b4s4+b3s3+b2s2+b1s+b0
 (2) 

 

The TF coefficients of the filter and the distance to fault (DTF) parameters kRSC, aRSC0, aRSC1, bRSC0, and bRSC1 

are listed below. 
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+
1

CfLd

+
1
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+
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Rt
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3. PROPOSED CONTROL STRATEGY 

The proposed control strategy is aimed at reducing both the total harmonic distortion of the output 

voltage for all load conditions and the undesired oscillation phenomena during transient responses. The block 

scheme of the proposed control architecture is illustrated in Figure 5, where G4L(s) is the TF of the inverter 

(1), GF(s) is the TF of the filter (2), Glf(s) is the TF of the second-order low-pass Butterworth filter defined in 

(3), GRSC(z) is the discrete TF of the resonant controller, and GDO(z) is the discrete TF of the DO. The gain 

kgain=1/(k∙VBUS), where k=0.57. The designing and the tuning of the RSC is done at fundamental frequency of 

50 Hz, while the other harmonics are mitigated by the DO. 
 

Glf(s) =
ωf

2

s2+√2ωfs+ωf
2 (3) 
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Figure 5. Block scheme of the proposed control algorithm 

 

 

3.1.  Resonant controller 

The aim of the RSC is to regulate the voltage reference at a fundamental frequency with zero steady 

state error. Consequently, the RSC real form without the possibility of compensating the phase is chosen 

[27], [28]. In (4) the TF of the SRC is written, where kir is the gain, ωcr is the controller width and ω0 is the 

resonance frequency. 

 

GRC(s) = 2kirωcr
s+ωcr

s2+2ωcrs+(ωcr
2 +ω0

2)
 (4) 

 

Taking into account that ωcr<<ω0, the RSC amplitude at the resonance frequency is in (5), while the 

phase is equal to 0° at the resonance frequency.  

 

|GRC(jω0)| =
2kir√ω0

2+ωcr
2

√4ω0
2+ωcr

2
≅

2kirω0

2ω0
= kir (5) 

 

The TF in the z-domain of the RSC GRSC(z) is written (6). This TF has been achieved using the 

Tustin with pre-warping technique [28]–[30]. 

 

GRSC(z) = kRSC
z2 +aRSC1z+aRSC0

z2 +bRSC1 z+bRSC0
 (6) 

 

The parameters of the DTF. 

TF coefficients of the output power filter 

 

kRSC =
2kirωcr

2 +2kirKTωcr

KT
2 +2KTωcr+ω0

2+ωcr
2 , aRSC0 =

2kirωcr
2 −2kirKTωcr

2kirωcr
2 +2kirKTωcr

,  

 

aRSC1 =
4kirωcr

2

2kirωcr
2 +2kirKTωcr

bRSC0 =
KT

2 −2KTωcr+ω0
2+ωcr

2

KT
2 +2KTωcr+ω0

2+ωcr
2 , bRSC1 =

2ω0
2−2KT

2 +2ωcr
2

KT
2 +2KTωcr+ω0

2+ωcr
2  

 

3.2.  Repetitive-controller-like disturbance-observer 

According to the state-space model of the disturbance D(z), the DO in [23] has been designed. 

Considering a periodic behavior of the disturbance D(z) with a frequency content at multiple of ω0, its 

dynamic model is written in (7), where Xd is the disturbance state vector, a33 is the matrix and cd is the vector. 

The matrix a33 and the vector cd are given in (8). The instantaneous disturbance at tk is indicated as D(k), 

while the vector Xd is composed by N=fs/f0 elements, where f0 is the fundamental frequency and fs is the 

sampling frequency. The meaning of (7) and (8) is that of a disturbance D(k) which is repeated for every N 

samples of measurement. Hence, the disturbance observer during the kth sampling interval is obtained in (9). 

The equivalent measurement of the disturbance indicated as UDO(k) is found by knowing the measured output 

voltage kgain·Vph at tk instant and the modulating voltage signal dph required to be reached at tk instant. 

 

Xd(k + 1) = a33Xd(k) 

 

D(k) = cdXd(k) 

 

(7) 
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a33 =

[
 
 
 
 
0 1 0 ⋯ 0
0 0 1 ⋯ 0
0 0 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ 1
1 0 0 ⋯ 0]

 
 
 
 

, cd = [1 0 0 ⋯ 0] (8) 

 

In (9) the observer gains vector is indicated as L=[L1, L2,..,LN], the estimated disturbance state 

vector is X̂̂̂̂
d, the estimated disturbance at tk instant is cdX̂̂̂̂

d(k), the observer matrix is Qf and the ratio between 

indirect measured disturbance at tk and the estimated disturbance at the same time is indicated as A. 

 

X̂d(k + 1) = a33X̂d(k) + L[UDO(k) − AcdX̂d(k)] 

 

YDO(k + 1) = QfX̂d(k + 1) 

 

(9) 

 

 

Based on (9), Figure 6 shows the schematic of the DO. The DO can mitigate the periodic harmonics 

like a repetitive controller is three assumptions are meet [23]: 1) the forgetting factor Q related to the RC is 

included if the matrix a33 is replaced into a̅33 as shown in (10); 2) each value of the gains L are equal to zero 

L1=L2=…=LN-1=0 except for LN; and 3) the role of stability filter used into repetitive controller in order to 

compensate the system delay is provided by the matrix Qf.  

 

ā33 =

[
 
 
 
 
0 1 0 ⋯ 0
0 0 1 ⋯ 0
0 0 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ 1
Q 0 0 ⋯ 0]

 
 
 
 

 (10) 

 

 

 
 

Figure 6. Block scheme of the DO 

 

 

In this case, Qf is a 1×N matrix with all zeros except the ith element equal to one, where i is the total 

number of delays in the computation of UDO. As a result, when the delay seen by the DO (i.e. the delay in the 

computation of UDO) equals M sampling periods, the transfer function of the DO is as in (11). 

 

GDO(z) =
LNz−N+M

1+(ALN−Q)z−N (11) 

 

To operate the DO, only two factors (i.e. the observer gain LN and the forgetting factor Q) need to be 

tuned. The ratio A, the length of the disturbance vector N and the length of the delay M are all known from 

the plant information. A Bode diagram based on (11) is illustrated in Figure 7 to demonstrate the nature of 

the DO and the influences of the two parameters, LN and Q. 

Generally, the DO can be understood as a filter that only very low frequency (like the DC 

component) and the integer multiple of 50 Hz can pass. The forgetting factor Q values between zero and one 

by definition. The larger the Q, the larger the amplification to the pass-band signals. The observer gain LN 

also affects the magnitude response. For stability reasons, the criteria derived in the next section need to be 

followed when choosing the two parameters. 
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Figure 7. Bode plot of the DO with different gain LN and forgetting factor Q 

 

 

3.3.  Stability analysis 

To facilitate the stability analysis, the equivalent block diagram for Figure 5 is depicted in Figure 8, 

where G4L(z) and GF(z) are the discretized versions of the G4L(s) and GF(s) in Figure 5 and kgain is defined in 

(1). A benefit of using the DO instead of the repetitive controller as in [14] is that it is easier to tune because 

of the separation principle. The DO can be tuned independently from the RSC; therefore, the stability can be 

assured if the system with only the DO loop and the system with only the RSC loop are both stable. Based on 

the small gain theorem, the stability of the system with only the DO loop can be ensured if the following 

criteria apply: 

 

|
GDO(ejωTs)G4L(ejωTs)GF(ejωTs)kgain

1−GDO(ejωTs)
| < 1 ⇒  |

LNG4L(ejωTs)GF(ejωTs)kgain

1+(ALN−Q)e−jNωTs−LNe−j(N−M)ωTs
| ⋅ |e−jNωTs| < 1 (12) 

 

In summary, the system stability is ensured if the structure is stable without the DO, and the two parameters 

in the DO satisfy the stability criteria in (12). 

 

 

 
 

Figure 8. Equivalent block diagrams of the proposed control system 

 

 

4. SIMULATION RESULTS 

The model of the converter is created in Simulink to confirm the theoretical analysis. Simulation 

results have been evaluated according to the following operating point and system parameters: rated power 

Pn=40 kVA, phase-to-neutral voltage VxN=230 V, with x∈ {A, B, C}, output fundamental frequency f0=50 

Hz, switching frequency fsw=12 kHz, dead-time equal to 2 µs, DC-bus voltage VBUS=400 V, controller gain 

kir=380, controller bandwidth ωcr=0.01 rad/s, vector length N=fsw/f0=240, forgetting factor Q=0.95, DO gain 

LN =0.0025 (L1=…=LN-1=0 as in [23]), DO coefficient A=0.9. The control strategy has been implemented in 

abc domain. The Qf =[0 0 0 1 ··· N] is selected to compensate the system delay. Figure 9 (a) and Figure 9 (b) 

show the the output voltages VAn, VBn, VCn and the related currents IA, IB, IC when the resistive load is used 

and DO is disabled. Figure 9 (a) and Figure 9 (b) illustrate that the waveforms of the voltage and the current are 

distorted during the zero-crossing due to the presence of mainly 5th and 7th harmonics (dead-time). Figure 10 (a) 

and Figure 10 (b) illustrate the output voltages VAn, VBn, VCn and the related currents IA, IB, IC when the DO 
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is enabled. When the DO runs, the harmonics related to the dead-time are mitigated, as clearly shown in 

Figure 10 (a) and Figure 10 (b). When the DO is disabled and the three-phase diode bridge rectifier with 

capacitor filter C=1.5 mF and load resistor R=25 Ω is used as a non-linear load, the phase-to-neutral output 

voltages VAn, VBn, VCn and the currents IA, IB, IC are distorted, as shown in Figure 11 (a) and Figure 11 (b). 

Under some condition, when the DO is enabled the quality of both phase-to-neutral output voltages and the 

currents waveforms is greatly enhanced, as illustrated in Figure 12 (a) and Figure 12 (b). Thus, the joint 

RSC-DO enables to compensate the output voltage harmonics. 

 

 

  
(a) (b) 

 

Figure 9. Waveforms when the DO is disabled and only the RSC runs in resistive load condition (a) phase-to-

neutral voltages VA, VB, VC and (b) currents IA, IB, IC 

 

 

  
(a) (b) 

 

Figure 10. Waveforms when both RSC and the DO are enabled in resistive load condition (a) phase-to-

neutral voltages VA, VB, VC and (b) currents IA, IB, IC 

 

 

  
(a) (b) 

 

Figure 11. Waveforms when the DO is disabled and only the RSC runs in non-linear load condition  

(a) phase-to-neutral output voltages VA, VB, VC and (b) currents IA, IB, IC 

 

 

VA         VB         VC 

 
VA         VB         VC 

 

VA         VB         VC 

 
VA         VB         VC 
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(a) (b) 

 

Figure 12. Waveforms when both RSC and the DO are enabled in non-linear load condition (a) phase-to-

neutral output voltages VA, VB, VC and (b) current IA, IB, IC 

 

 

5. EXPERIMENTAL VALIDATION 

To evaluate the performance of the proposed control strategy and to validate the theoretical and 

simulation analysis, the prototype of the four leg VSI plus its three-phase output filter have been developed 

and tested. The experimental setup of the whole system is illustrated in Figure 13. Looking at the figure, it is 

possible to recognize the three-phase 4L inverter, the output filter board and the control circuit which makes 

use of sbRIO-9651 system on module (SoM). The three-phase four leg VSI is illustrated in Figure 14. In the 

picture is highlighted the DC-bus capacitors, the driver circuit, the control circuit, the adapter circuit and the 

current sensors. A single leg is accomplished by using the SEMIX module (SEMIX303GB12Vs) 300 A -

1200 V. The main parameters of the converter are: VLL=400 V, fsw=12 kHz, prated=40 kVA, and 

VBUS=750 V. The three-phase 4L VSI is fed by a programmable DC power supply. The voltage and current 

transducers (LV-20 p and LA-100 p) are used to sense both the output voltages and the phase currents. 

LabVIEW environment has been used to implement the control system. Experimental tests have been 

accomplished according to the operating point and system parameters listed in the simulation results section. 

A Yokogawa DL850 oscilloscope is used to analyze voltage and current waveforms. The proposed control 

strategy has been tested both under steady-state operating conditions and under transient conditions. The 

results in steady-state conditions are provided under four different load conditions: resistive load, no-load, 

unbalanced load, and non-linear load. 

 

 

  
  

Figure 13. Experimental setup of the whole system Figure 14. Three-phase 4L VSI prototype 

 

 

5.1.  Resistive load and no-load condition  

During the preliminary tests the resistive load is set to 50 Ω, this means that the output power is 

equal to 3 kW. The phase-to-neutral output voltages VAn, VBn, and phase current IA under resistive load 

condition are depicted in Figure 15. Figure 15 (a) shows the waveforms when the RSC and DO are enabled, 

whereas the DO is disabled in Figure 15 (b). Figure 16 shows the phase-to-neutral output voltages VAn, VBn, 

and phase current IA under no load condition, when the DO is engaged Figure 16 (a) or disabled Figure 16 (b). 

These results prove the good capability of the proposed control algorithm to perfectly compensate the 

harmonics introduced by the dead time between the switching devices. In fact, the phase-to-neutral output 

voltages show a small distortion at the zero crossing when the DO is disabled, as shown in Figure 15 (b) and 

Figure 16 (b). Thus, the DO can effectively compensate the low order harmonics (e.g. 5th and 7th order 

harmonics) in order to fully mitigate the dead time effect, as appears Figure 15 (a) and Figure 16 (a). 
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(a) (a) 

 

Figure 15. Experimental test in the resistive load situation (a) DO assisted RSC and (b) RSC without DO 
 

 

  
(a) (b) 

 

Figure 16. Experimental test in no load condition (a) DO assisted RSC and (b) RSC without DO 
 

 

5.2.  Unbalanced load 

This test has been performed considering the phase a connected to the resistive load having the 

power equal to 1 kW while the other phases are open. Figure 17 illustrates the phase-to-neutral output 

voltages VAn, VBn and the phase current IA, in case of the DO assisting the RSC and when the RSC works 

alone. Looking at Figure 17 (a) and Figure 17 (b), it is possible to clearly distinguish how the DO adjusts the 

voltage waveforms and it is able to mitigate all the harmonics. 
 
 

  
(a) (b) 

 

Figure 17. Experimental tests when one phase is loaded (a) DO assisted RSC and (b) RSC without DO 
 

 

5.3.  Non-linear load 

Non-linear load tests have been carried out using a diode bridge rectifier with the capacitor filter 

C=1.5 mF and load resistor R=25 Ω, as well as in simulation test. Figure 18 (a) and Figure 18 (b) illustrate 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Resonant and a new disturbance-observer combined control for … (Marco di Benedetto) 

233 

the voltage waveforms VAn, VBn and the current IA, when the controller works with and without DO. 

Looking at the Figure 18 (a), it can be concluded that the DO is able to mitigate all the voltage harmonics, 

making the output voltages almost a pure sinusoidal waveform. Table 1 shows the total harmonic distortion, 

computed up to the 50th harmonic order, of the phase-to-neutral output voltage when the DO is enabled and 

disabled in all the experimented load conditions. As it can be seen, when the DO is enabled the THDv is 

significantly reduced. 
 
 

  
(a) (b) 

 

Figure 18. Experimental tests when non-linear load is used (a) DO assisted RSC and (b) RSC without DO 
 

 

Table 1. Comparative total harmonic distortion of the output voltage 
 THDv DO assisted RSC THDv RSC without DO 

Resistive Load 0.38 % 1,97 % 
No-load 0.57 % 2.48 % 

Unbalanced load 0.91 % 4.31 % 

Non-linear load 1.23 % 6.86% 

 

 

5.4.  Transient response 

Further experimental tests have been carried out during transient conditions. The performance of the 

control strategy during a load step from 3 kW to no-load and back to 3 kW is illustrated in Figure 19 (a) and 

Figure 19 (b). It can be seen from Figure 19 that the load change is rapidly compensated by the DO assisted 

RSC and, thus, the output voltages are accurately regulated. The steady-state condition is reached after one 

and a half fundamental periods. Additionally, the maximum voltage drop during the load-step is less than 18 

V, which means that the overvoltage and the undervoltage remain below 5.6% of the nominal voltage. In this 

case, the proposed controller provides faster compensation in comparison to both the resonant-repetitive (RR) 

controller presented in [18] and the deadbeat and repetitive controller (DB-RC) in [19]. In fact, in [18], [19] 

the controllers take eight and five fundamental periods respectively to reach the steady-state condition. 
 

 

 
(a) 

 
(b) 

 

Figure 19. Transient response of the DO assisted RSC (a) load step from 3 kW to no-load and (b) load step from 

no-load to 3 kW 
 
 

Finally, Figure 20 depicts the voltages VAn, VBn and the current IA during the initial step of the DO 

activation. The transient response after applying the DO takes one and a half fundamental periods starting 

from the point in which the DO is enabled. The RR, DB-RC, and RSC-DO controllers have been compared 
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in Table 2 with reference to the transient time and maximum voltage drop during load-steps, as well on the 

basis of the phase-to-neutral voltage unbalance provided by the control and the THDv in the worse condition. 

These results demonstrate the good dynamic performance of the proposed control. 
 

 

 
 

Figure 20. Experimental waveforms during the non-linear load condition at DO engaging 
 

 

Table 2. Comparison RR, DB-RC, and RSC-DO controllers 
 RR DB-RC RSC-DO 

Transient time during load-steps 160 ms 100 ms 30 ms 

Maximum voltage drop during load-steps 12 V Negligible 18 V 

Phase-to-neutral voltage Unbalance NO YES NO 
Non-linear load THDv 1.7 % 0.5 % 1.25 % 

 

 

6. CONCLUSION  

A new high-performance control approach for off-grud 4L VSI combining the RSC and the DO has 

been proposed in this paper. Motivations and requirements for a four leg VSI and its filter in stand-alone 

microgrids have been discussed. The stability analysis of the proposed control has been also performed and 

the results are described. At first, a digital model of the system has been created in MATLAB/Simulink 

environment to validate the proposed concepts in simulation. An experimental setup has been created and 

clearly described, as well as the proposed control strategy has been then implemented using LabVIEW 

environment. Experimental results are obtained in steady-state and transient conditions. The results show the 

effectiveness of the resonant controller jointly with the disturbance observer in improving the quality of the 

voltage waveforms in all load conditions. 
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