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ABSTRACT 

In this paper, a cascaded current–voltage control 

strategy is proposed for inverters to simultaneously 

improve the power quality of the inverter local 

loadvoltageandthecurrentexchangedwiththegrid.Italso

enablesseamless transfer of the operation mode from 

stand-alone to grid-connected or vice versa. The 

control scheme includes an inner voltage loop and an 

outer current loop, with both controllers designed 

using the H∞ repetitive control strategy. This leads to 

a very low total harmonic distortion in both the 

inverter local load voltage and the current exchanged 

with the grid at the same time. The proposed control 

strategy can be used to single-phase inverters and 

three-phase four-wire inverters. It enables grid-

connected inverters to inject balanced clean currents 

to the grid even when the local loads (if any) are 

unbalanced and/or nonlinear. Results will verify 

through MATLAB/SIMULINK software 

Index Terms— Power Quality, Micro Grid, Cascaded 

Current Voltage Controller, H∞ Repetitive Control, 

Total Harmonic Distortion (THD). 

 

I.INTRODUCTION 

I. INTRODUCTION 

MICROGRIDS are emerging as a consequence of rapidly 

growing distributed power generation systems. Improving 

the control capabilities and operational features of micro 

grids brings environmental and economic benefits. The 

introduction of micro grids leads to improved power 

quality, reduces transmission congestion, decreases 

emission and energy losses, and effectively facilitates the 

utilization of renewable energy. Micro grids are normally 

operated in the grid-connected mode; however, it is also 

expected to provide sufficient generation capacity, 

controls, and operational strategies to supply at least a 

part of the load after being disconnected from the 

distribution system and to remain operational as a stand- 

alone (islanded) system [1] [6].Traditionally, the inverters 

used in micro grids behave as current sources when they 

are connected to the grid and as voltage sources when 

they work autonomously [7]. This involves the change of 

the controller when the operational mode is changed from 

stand-alone to grid-connected or vice versa [8].  

  It is advantageous to operate inverters as voltage 

sources because there is no need to change the controller 

when the operation mode is changed. A parallel control 

structure consisting of an output voltage controller and a 

grid current controller was proposed in [8] to achieve 

seamless transfer via changing the references to the 

controller without changing the controller. Another 

important aspect for grid connected inverters or micro 

grids is the active and reactive power control; see, e.g., 

[9] and [10] for more details. As nonlinear and/or 

unbalanced loads can represent a high proportion of the 

total load in small-scale systems, the problem with power 

quality is a particular concern in micro grids 

[11].Moreover, unbalanced utility grid voltages and 

utility voltage sags, which are two most common utility 

voltage quality problems, can affect micro grid power 

quality [12], [13].  

Cascaded Control Structure: Research proposes using 

cascaded current-voltage control strategies to improve 

power quality in grid-connected systems, addressing 

issues like harmonics, voltage fluctuations, and grid 

synchronization. 

- Control Techniques: Studies explore various control 

methods, including Proportional Resonant (PR) 

controllers, Predictive Control, and Sliding Mode 

Control, to regulate grid current and voltage, ensuring 

low Total Harmonic Distortion (THD) and grid 

compliance. 

- Grid Support Functions: Cascaded control enables grid 

support functions like reactive power compensation, 

voltage regulation, and power factor correction in grid-
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connected systems with renewable energy sources (e.g., 

solar PV, wind). 

II. PROPOSED CONTROL SCHEME 

The structure of a single-phase inverter connected to the 

grid. It consists of an inverter bridge, an LC filter, and a 

grid interface inductor connected with a circuit breaker. It 

is worth noting that the local loads are connected in 

parallel with the filter capacitor. The current i1 flowing 

through the filter inductor is called the filter inductor 

current in this paper, and the current i2 flowing through 

the grid interface inductor is called the grid current in this 

paper. The control objective is to maintain low THD for 

the inverter local load voltage uo and,  simultaneously, 

for the grid current i2. As a matter of fact, the system can 

be regarded as two parts, as shown in Fig 2.1 cascaded 

together. Hence, a cascaded controller can be adopted and 

designed.  

 
Fig. 2.1 Sketch of a grid-connected three-phase 

inverter using the proposed strategy.  

The proposed controller, as shown in Fig.6.1, consists of 

two loops: an inner voltage loop to regulate the inverter 

local load voltage uo and an outer current loop to board, a 

three-phase LC filter, a three-phase grid interface 

inductor, a board consisting of voltage and current 

sensors, a step-up wye-wye transformer (12 V/230 V/50 

Hz), a d SPACE DS1104 R&D controller board with 

Control   MATLAB Simulink/SimPower software 

package. The inverter board consists of two independent 

three-phase inverters and has the capability to generate 

PWM voltages from a constant 42-V dc voltage source. 

One inverter was used to generate a stable neutral line for 

the three-phase inverter. 

                 The generated three-phase voltage was 

connected to the grid via a controlled circuit breaker and 

a step-up transformer. The PWM switching frequency 

was 12 kHz. A Yokogawa power analyzer WT1600 was 

used to measure the THD. The parameters of the inverter 

are given in Table I. Three sets of identical controllers 

were used for the three phases because there was a stable 

neutral line available. The control structure for the three-

phase system is shown in Fig. 6. A traditional dq PLL 

was used to provide the phase information needed to 

generate the three-phase grid current references via a 

dq/abc transformation from the current references Id and 

Iq . The internal model was implemented according to 

[12] with the capability to adapt to the frequency change 

in the grid. It is worth noting that it is quite a challenge to 

work with low-voltage inverters to improve the voltage 

THD, because, in general, the higher the voltage, the 

bigger the value of the fundamental component. 

Moreover, the impact of noises and disturbances is more 

severe for low-voltage systems than for high-voltage 

ones. Hence, it should be easy to apply the strategy 

proposed in this paper to inverters at higher voltage and 

higher power ratings. 

 
Fig. 2.2. Proposed cascaded current–voltage controller 

for inverters, where both controllers adopt the H∞ 

repetitive strategy. 

 

Regulate the grid current i2. According to the basic 

principles of control theory about cascaded control, if the 

dynamics of the outer loop is designed to be slower than 

that of the inner loop, then the two loops can be designed 

separately. As a result, the outer-loop controller can be 

designed under the assumption that the inner loop is 

already in the steady state, i.e., uo = uref . It is also worth 

stressing that the current controller is in the outer loop 

and the voltage controller is in the inner loop.This is 

contrary to what is normally done. In this paper, both 

controllers are designed using the H∞ repetitive control 
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strategy because of its excellent performance in reducing 

THD. The main functions of the voltage controller are the 

following: to deal with power quality issues of the 

inverter local load voltage even under unbalanced and/or 

nonlinear local loads, to generate and dispatch power to 

the local load, and to synchronize the inverter with the 

grid. When the inverter is synchronized and connected 

with the grid, the voltage and the frequency are 

determined by the grid.  

                  The main function of the outer-loop current 

controller is to exchange a clean current with the grid 

even in the presence of grid voltage distortion and/or 

nonlinear (and/or unbalanced for three-phase 

applications) local loads connected to the inverter. The 

current controller can be used for over current protection, 

but normally, it is included in the drive circuits of the 

inverter bridge. A phase-locked loop (PLL) can be used 

to provide the phase information of the grid voltage, 

which is needed to generate the current reference I ref. As 

the control structure described here uses just one inverter 

connected to the system and the inverter is assumed to be 

powered by a constant dc voltage source, no controller is 

needed to regulate the dc-link voltage (otherwise, a 

controller can be introduced to regulate the dc-link 

voltage). Another important feature is that the grid 

voltage ug is fed forward and added to the output of the 

current controller. This is used as a synchronization 

mechanism, and it does not affect the design of the 

controller. Design of voltage and current controller are 

explained in paper [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. SIMULINK MODEL AND RESULTS 

 

3.1 SIMULINK DIAGRAMS: 

 

 

 

 
              

Fig3.1   Simulation Diagram Of Cascaded Grid 

Resistive Load 

 

3.2 SIMULATION WAVE FORMS: 

 
Fig3.2 Cascaded Grid Resistive Load With Voltage 

Waveforms 
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Fig3.3 Cascaded Grid Resistive Load With Current 

Waveforms 

With the Resistive Load: The local load voltage uA, 

voltage reference uref , and filter inductor current iA are 

shown in Fig. 3.2&3.3 shows the spectra of the inverter 

local load voltage and the local load current. The 

recorded local voltage THD was 1.21%, while the grid 

voltage THD was 0.97.8%. Since the utility grid voltage 

was used as the reference, it is worth mentioning that the 

quality of the inverter local load voltage was better than 

that of the grid voltage, even without using an active 

filter. 

 

THD DIAGRAMS: 

 

 
CONCLUSION 

  The cascaded current–voltage control strategy has been 

proposed for inverters in micro grids. It consists of an 

inner voltage loop and an outer current loop and offers 

excellent performance in terms of THD for both the 

inverter local load voltage and the grid current. In 

particular, when nonlinear and/or unbalanced loads are 

connected to the inverter in the grid-connected mode, the 

proposed strategy significantly improves the THD of the 

inverter local load voltage and the grid current at the 

same time. The controllers are designed using the H∞ 

repetitive control in this paper but can be designed using 

other approaches as well. The proposed strategy also 

achieves seamless transfer between the stand-alone and 

the grid-connected modes. The strategy can be used for 

single-phase systems or three-phase systems. As a result, 

the nonlinear harmonic currents and unbalanced local 

load currents are all contained locally and do not affect 

the grid. Simulation  results under various scenarios have 

demonstrated the excellent performance of the proposed 

strategy. 
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