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Abstract: This document proposes a robust and adaptable voltage control of the three-phase voltage inverter. First, the status model of 

the load side of the inverter is established, which takes into account the uncertainties of the system parameters. The proposed adaptive 

voltage control technique combines an adaptive control and a state feedback control term. The former compensates for the uncertainties 
of the system, while the second forces the dynamics of the error to converge to zero. Furthermore, the proposed algorithm is easy to 

implement, but is very robust, due to the uncertainties of the system and sudden load disturbances. In this document, the analysis is also 

performed to show the robustness of the closed loop control system. Undefined load and non-linear load. The simulation and 

experimental results are presented under the assumption of the corresponding non-adaptive voltage regulator. 

Keyword-Adaptive control, distributed generation (DG) system (DGS), load current observer, stand-alone, three-phase inverter, voltage 

control 

 

I.   INTRODUCTION 

In recent years, environmentally friendly distributed generation systems (DGS), such as wind turbines, solar cells and fuel cells, are 

growing dramatically because they can meet the growing demand for electricity due to the rapid growth of electricity economy and the rigid 

environmental regulations relating to greenhouse gas emissions. In general, the DGS are interconnected in parallel with the electricity grid 

and provide the maximum electrical power to the grid. However, there are some areas (ex..remote islands or villages) where the connection 
to the network is expensive or impractical and, therefore, small-scale autonomous DGS are the only efficient and cost-effective options. In 

this DGS, depending on consumer energy demand, there are situations in which some DGS operate in parallel or independently. In any 

case, a stable operation of each DGS unit is as important as the stability of the DGS operating in parallel, where the correct load distribution 

of each unit is one of the main research problems, since the voltage regulator is used commonly in a DGS unit. 

 

 

  II.    DESCRIPTION OF THE SYSTEM AND MATHEMATICAL MODEL 

 

The configuration of a typical DGS in an independent operation is shown in Fig. 1. Consists of renewable energy sources (eg Wind 

turbines, solar cells and fuel cells), an AC to DC power converter (wind turbines) or unidirectional converter of the dc-dc elevator (solar 

cells or fuel cells), a three-phase DC-AC inverter, an LC output filter, a DSP control unit and a local load. As shown in Figure 1, a 
transformer can be used to provide electrical isolation or increase the output voltage of the three-phase current. Investor, but it can result in 

higher costs and greater volume. In addition, storage systems such as batteries, ultracapacitors and flywheels can be used to generate 

electricity during transitory (ex. startup or sudden change of load) and improve the reliability of renewable energy sources. 
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Fig. 1. Circuit diagram of a three-phase inverter with an LC output filter for isolated DGSs. 

In this paper, we discuss the design of the three-phase inverter voltage regulator for stand-alone DGS that provides excellent voltage 

regulation (for example, fast transient response, small steady state error and low THD) in case of sudden load variations, unbalanced load 

and non-linear load. Therefore, renewable energy sources and AC to DC power converters or unidirectional DC-DC converters can be 

replaced by a DC voltage source (VCC). Figure 1 shows the circuit model of a three-phase inverter with an LC output filter for stand-alone 

DGS. As shown in Fig. 1, the system consists of four parts: a DC voltage source (VDC), a three-phase pulse width modulated inverter 

(PWM) (S1 to S6), an output filter (lf). and (Cf) and three-phase load (RL). Note that the LC filter is necessary to suppress the high-order 

harmonic components of the inverter output voltage due to the PWM action and, therefore, to supply the load with sinusoidal voltages. The 

circuit model in Fig. 1 uses the following quantities. The output lines of the phase and neutral converters are supplied by Vi = [viA viB 

viC] T and Ii =[iiA iiB iiC] T, respectively. Furthermore, the neutral voltage and the load lines of the phase current are represented by the 

VL = vectors[vLA vLB vLC] T and IL = [iLA iLB iLC] T, respectively. 
Suppose that the three-phase voltages and voltages used in Fig. 1 are balanced. By applying the Kirchoff’s current law and the Kirchoff’s 

voltage law in the LC output filter, the following voltage and current equations can be obtained:.Underthe conditions, the state equations (1) 

mentioned above in the stationary abc reference frame can be transformed into equations in the stationary αβ reference frame using the 

following expression [2], [3]X (2) 

where Xαβ = xα + jxβ. 

Therefore, the equations of state (1) can be transformed into: 

where VLαβ = [vLα vLβ] T, ILαβ = [iLα iLβ] T, Viαβ = 

[viα viβ] T and Iiαβ = [iiα iiβ] T. 

Subsequently, the state equations in the stationary reference frame αβ can be transformed into the equations in the reference frame dq in 

the synchronous rotation of the following formula: 

Xdq = xd + jxq = Xαβe - jθ (4) 
where is the transformation angle, ω is the angular frequency (ω = 2πf), and f is the fundamental frequency of voltage or current. 

Finally, (3) can be transformed into(5) 

where VLdq = [vLd vLq] T, ILdq = [iLd 

[viq vineyard] T and Iidq = [iid iiq] T. 

Furthermore, (5) can be rewritten as follows: iLq] T, Vidq =(6) 

where, and i˙iq indicate the temporal derivatives of vLd, vLq, iid and iiq, respectively 

. 

Note that VLdq and Iidq are the state variables, Vidq is the control input and ILdq is defined as a disturbance. 

In this document, the following assumptions are made to design an adaptive controller and an observer of the current load. 

1) vLd, vLq, iid and iiq are available. 

2) The desired voltages of the load axis vLdref and vLqref are constant and their derivatives can be zeroed 

3) iLd and iLq are unknown and change very slowly during the sampling period [15]. 
Single-phase voltage source converter 

The single-phase voltage converter can be found as a full-bridge topology. Although the range of energy they cover is low, they are 

widely used in power supplies, in single-phase UPSs, and currently form high-powered static topologies, such as the revised multi-cell 

configurations. 

 

Fig. 2. Block diagram of individual DGS using renewable energy sources. 

 
 

III.     PERFORMANCE EVALUATION 

 

In this section simulations and experiments are performed and different results are presented. To evaluate the performance of the 

adaptive control system based on the proposed observer, two types of power levels are studied (200 kVA class and 450 VA class) 

because the 200kVA unit is a too high power level for laboratory. In this document, simulations are performed using Matlab/ Simulink 

software and experiments are implemented in DGS. 
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Fig. 3: Nonlinear load circuit with a three-phase diode rectifier. 

 

 

 

Figure 4; Matlab Simulation result analysys 
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TABLE 1 

SYSTEM PARAMETERS OF 200 kVA UNIT 

 

 
 

The currents (Ii) and the charge output voltages (VL) are measured with the sensors and then transformed into Iidq and VLdq quantities 

in the reference frame dq of synchronous rotation, respectively. On the other hand, load currents (ILdq) can be estimated using the 

current proposed observer. In this document, a PWM spatial vector technique is used to approximate the reference voltages and provide 

less harmonic stress to the load. Simulations and experiments are performed to demonstrate the transient and stationary performance of 

the control algorithm proposed in the following four different cases: 

Case 1) balanced resistive load (transient behaviour: from 0% to 100%); 
Case 2) balanced resistive load (transient behaviour: from 100% to 0%); 
Case 3) unbalanced resistive load (open phase C); Case 4) non-linear load (a three-phase diode rectifier). 

 

Fig. 5. Simulation results of the proposed control scheme under Case 1 for a 200-kVA unit (balanced resistive load: 0%–100%). 

 
Fig. 5: Simulation results of the proposed control scheme under Case 2 for a 200-kVA unit (balanced resistive load: 100% to 0%). 

δd = δq = 1000, and 

T 

. 

Note that these parameters are chosen through extensive simulation studies with the procedures mentioned in notes 1 and 4The 

figuresshow the results of the simulation of the control technique proposed in cases for a unit of 200 kVA, respectively. Each figure 

shows the waveforms of the load voltages (VL), the inverter currents (Ii), the load currents (IL), the estimated load currents (IL), the 

control inputs (vid and viq).) and the current load error (eLA = iLA -iLA). In figs. a resistance of 0.726-Ω is used for a balanced 

resistive load and an unbalanced resistive load. Furthermore, to obtain the non-linear load waveforms in Fig. 10, the following values 

are selected: L load = 0.3mh, ‘C’load = 4000μF and R load = 1.2 Ω. Figures 7 and 8 show the performance of the transient under a 

balanced resistive load and the load voltage waveforms are only slightly distorted during transients and return to steady state within 

0.52ms. 
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Fig. 6; Simulation results of the proposed control scheme under Case 3 for a 200-kVA unit (unbalanced resistive load: phase C opened). 

 

 

 

TABLE II 

 

STEADY-STATE PERFORMANCE OF SIMULATION RESULTS FOR A 200-kVA UNIT WITH PROPOSED CONTROL 

SCHEME 

 

IV.   CONCLUSION  

 

This document presents a solid strategy for adaptive voltage control of a three-phase inverter for an independent DG unit. The proposed 

controller is not only easy to implement, but also robust due to system uncertainties and sudden load disturbances. Furthermore, the 
stability of the proposed closed-loop control system has been demonstrated mathematically. To support the validity of the proposed 

control algorithm, simulations and experiments were performed using a Simulink software and a DGS prototype test bench with a 

TMS320F28335DSP, respectively. Finally, the simulation and experimental results have shown that the proposed control scheme offers 

satisfactory voltage regulation performance, such as fast dynamic behaviour, a small steady state error and a low THD under different 

loads (ex. without load, balanced load, unbalanced load and non-linear load) In the presence of uncertainties in the system parameters.                  
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