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Abstract— This paper presents a compensating system for 

the harmonic currents, the reactive power and source neutral 

conductor current in three-phase four-wire distribution 

system by using a five-level cascaded H-bridge voltage 

source inverter (CHB-VSI) based shunt active power filter 

(SAPF). A controller based on the d-q-0 theory 

(synchronous reference frame) and in-phase disposition 

(IPD) modulation technique is introduced for the SAPF. The 

distribution network which supplies mixed non-linear loads 

and employing CHB-VSI based SAPF is simulated by 

MATLAB/SIMULINK software. The performance of SAPF 

is analyzed by using the proposed control technique on the 

total harmonic distortion of source current, power factor and 

reactive power. Besides, it is illustrated by extensive 

simulation results, the effectiveness of five-level SAPF on 

source neutral conductor current.  

Keywords: CHB-VSI, harmonic currents, reactive power 

compensation, source neutral conductor current 

I. INTRODUCTION 

The widespread use of power electronic equipments as the 

non-linear loads in power distribution system cause several 

power quality problems such as harmonic currents and poor 

power factor. Besides, excessive neutral conductor current is 

an additional challenge when singe-phase and three-phase 

non-linear loads are used in a four-wire distribution system. 

These power quality problems are the major concern as 

utilities are moving forward to a Smart Grid. Power quality 

for the digital economy in a Smart Grid distribution system 

is a priority which involves various options of quality and 

price is a priority. Meanwhile, the impact of renewal sources 

of energy like solar, wind, wave etc., which mainly use 

power electronic controllers and integrated into the Smart 

Grid cause increased power quality problems [1]-[6]. A two-

level voltage source inverter (VSI) based SAPF to 

compensate harmonic currents and reactive power in 

industrial networks was already established [1].  

However, it requires a coupling transformer for 

medium or high voltage networks [6]. Multi-level inverters 

(MLI) as an alternative without a coupling transformer are 

introduced to generate AC waveform from small voltage 

steps by utilizing a bank of series capacitors or separate DC 

sources [7]-[10]. The switching losses and related 

electromagnetic interference (EMI) are negligible as the 

switching frequency of MLI is line frequency. Three major 

types of MLI are realized, namely, diode-clamped, flying- 

capacitor clamped and cascaded H-bridge voltage source 

inverter (CHB-VSI) for generating smooth sinusoidal 

voltage. The cascaded MLI is structured by a number of H-

bridge units with a separate DC source for each H-bridge 

[11]-[12]. 

The major merits of the CHB-VSI over the other two types 

are introduced in [13]-[15]. This paper proposes a 

compensating system based on five-level CHB-VSI. As the 

five-level CHB-VSI based SAPF with in-phase disposition 

(IPD) modulation technique which is considered as an 

effective compensator in a four-wire distribution network, 

and there it is essential to establish the compensating 

performance of SAPF. This paper is organized as follows.  

The IPD modulation technique is discussed and the 

modeling of the five-level CHB-VSI based SAPF is 

introduced in Section II. Section III reports SAPF 

connection to the distribution network and the proposed 

controller based d-q-0 theory. The DSTATCOM model is 

presented in Section IV. Results are presented in Section V. 

Section VI presents the conclusions. 

II. IN-PHASE DISPOSITION (IPD) MODULATION TECHNIQUE 

The IPD modulation technique uses carriers of same 

frequency, amplitude and phases, but just differs in DC 

offset to occupy contiguous bands as shown in Fig. 1 for 

five-level VSI. The carriers are in phase across all the bands. 

In this technique, four triangular carriers are selected for 

five-level VSI based on the formula M-1 where M is the 

number of levels, i.e 5-1 = 4 [15]. By comparing these 4 

triangular carrier signals with the sinusoidal modulation 

signal, the PWM gating signals for the IGBTs of five-level 

CHB-VSI will be generated. 

 

Fig. 1: IPD modulation for five-level CHB-VSI 

III. PROPOSED CONTROLLER 

The proposed controller shown in Fig. 2 needs less effort 

and minimum equipment to estimate the reference currents. 

The controller is developed by sensing the load currents and 

by using a-b-c to d-q-0 transformation (Park 

transformation). 

The three-phase instantaneous load currents of the 

a-b-c coordinates are transformed into synchronous direct 

axis (d), quadrature axis (q) and zero-sequence reference 

coordinates (phase quantities to synchronous reference 

frame) by using Park transformation matrix as in equation  

(1). 
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Fig. 2: Proposed controller based on the d-q-0 theory 

The SAPF controller estimates the reference 

currents and generates the control signals for the IGBTs of 

VSI. The estimated reference currents are referred to as if* 

and the actual currents injected by the SAPF are referred to 

as ish which is illustrated in Fig. 3. The measured ish is 

compared with if* and the resulting error is subjected to the 

IPD modulation technique to generate the gating signals for 

the IGBT switches. 

Using inverse Park transformation in equation (1), 

the phase currents can be obtained as in equation (2). 

 
The five-level SAPF with the proposed controller 

aims to inject the compensation currents at the point of 

common coupling (PCC) in order to suppress the harmonic 

currents, to minimize the neutral conductor current and to 

improve the power factor. Fig. 3 represents the main power 

circuit; its consists of a three main parts, viz., generation 

side, load side and SAPF, also the schematic of SAPF 

connected at the PCC of the three-phase four-wire 

distribution network is shown in Fig. 3. 

 

Fig. 3: SAPF in a four-wire distribution network 

IV.  DISTRIBUTION STATIC COMPENSATOR 

A D-STATCOM consists of a two-level VSC, a dc energy 

storage device, controller and a coupling transformer 

connected in shunt to the distribution network. Figure 4 

shows the schematic diagram of D-STATCOM. 

 
Referring to the equation 2.2, output current, Iout 

will correct the voltage sags by adjusting the voltage drop 

across the system impedance, (Zth=R+jX). It may be 

mention that the effectiveness of D-STATCOM in 

correcting voltage sags depends on: 

(1) The value of Impedance, Zth= R+jX 

(2) The fault level of the load bus 

 

Fig. 4: Schematic diagram of a D-STATCOM 

A. A. Voltage Source Converter (VSC) 

A voltage-source converter is a power electronic device that 

connected in shunt or parallel to the system. It can generate 

a sinusoidal voltage with any required magnitude, frequency 

and phase angle. The VSC used to either completely replace 

the voltage or to inject the „missing voltage‟. The „missing 

voltage‟ is the difference between the nominal voltage and 
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the actual. It also converts the DC voltage across storage 

devices into a set of three phase AC output voltages [8, 9]. 

In addition, D-STATCOM is also capable to generate or 

absorbs reactive power. If the output voltage of the VSC is 

greater than AC bus terminal voltages, D-STATCOM is said 

to be in capacitive mode. So, it will compensate the reactive 

power through AC system and regulates missing voltages. 

These voltages are in phase and coupled with the AC system 

through the reactance of coupling transformers. Suitable 

adjustment of the phase and magnitude of the DSTATCOM 

output voltages allows effectives control of active and 

reactive power exchanges between D-STATCOM and AC 

system. In addition, the converter is normally based on some 

kind of energy storage, which will supply the converter with 

a DC voltage [10]. 

B. Controller 

Figure 5 shows the block diagram of Controller system. The 

controller system is partially part of distribution system. 

Proportional-integral controller (PI Controller) is a feedback 

controller which drives the system to be controlled with a 

weighted sum of the error signal (difference between the 

output and desired set point) and the integral of that value. 

In this case, PI controller will process the error signal to 

zero. The load r.m.s voltage is brought back to the reference 

voltage by comparing the reference voltage with the r.m.s 

voltages that had been measured at the load point. It also is 

used to control the flow of reactive power from the DC 

capacitor storage circuit. PWM generator is the device that 

generates the Sinusoidal PWM waveform or signal. 

 
Fig. 5: Block Diagram of Controller System 

To operate PWM generator, the angle is summed 

with the phase angle of the balance supply voltages equally 

at 120 degrees. Therefore, it can produce the desired 

synchronizing signal that required. PWM generator also 

received the error signal angle from PI controller. The 

modulated signal is compared against a triangle signal in 

order to generate the switching signals for VSC valves. 

C. Instantaneous Current Component (id-iq) Theory 

The Modified Synchronous Frame method is presented in 

[7]. It is called the instantaneous current component (id-iq) 

method. This is similar to the SRF frame method. The 

transformation angle is now obtained with the voltages of 

the ac network. The major difference is that, due to voltage 

harmonics and imbalance, the speed of the reference frame 

is no longer constant. It varies instantaneously depending of 

the waveform of the three phase voltage system. In this 

method the compensating currents are obtained from the 

instantaneous active and reactive current components and of 

the nonlinear load. In the same way, the mains voltages 

V(a,b,c) and the polluted currents il(a,b,c) in α-β 

components must be calculated as given by (2), where C is 

Clarke Transformation Matrix.  

However, the load current components are derived from a 

synchronous reference frame based on the Park 

transformation, where represents the instantaneous voltage 

vector angle (3). 

 

 

Fig.6 Principal of the synchronous reference frame method 

 

Fig. 6 shows the block diagram SRF method. Under 

balanced and sinusoidal mains voltage conditions angle θ is 

a uniformly increasing function of time. This transformation 

angle is sensitive to voltage harmonics and unbalance; 

therefore dθ/dt may not be constant over a mains period. 

With transformation (2) and (3) the direct voltage 

component is 

 

 

 
Fig. 7: Simulation model of distribution network with PV 
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Fig. 7: Simulation model of distribution network without PV 

V.  SIMULATION RESULTS 

 
Fig. 8: load neutral current & shunt neutral current 

 
Fig. 9: DC link voltage & source neutral current 

 
Fig. 10: source current, load current & injected shunt current 

 
Fig. 11: source voltage & load voltage 

 

Fig. 12: source current, load current & injected current 

 
Fig. 13: balanced source currents with DC link voltage 

(Without PV) 
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Fig. 14: balanced source currents with PV 

VI. CONCLUSIONS 

In this paper MATLAB/SIMULINK model is developed for 

the proposed CHB-VSI based SAPF by using proposed d-q-

0 theory based controller and IPD modulation technique. 

The performance of five-level CHB-VSI based SAPF with 

proposed controller is analyzed. It is established from the 

extensive simulation results that the SAPF is effective to 

minimize the source harmonic currents. The source end 

power factor is improved closed to unity and the neutral 

conductor current is also well minimized by the 

compensating performance of SAPF. The proposed control 

strategy and modulation technique ensured efficient 

operation of DSTATCOM CHB-VSI based SAPF for power 

quality improvement of three-phase four-wire distribution 

systems. 

By using PV system DC fluctuations will be 

eliminated which will helps for improving magnitude & 

reducing the fluctuations in the output side of DSTATCOM. 
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