
ISSN (Online)  : 2319 - 8753 
 ISSN (Print)    : 2347 - 6710 

 

   International Journal of Innovative Research in Science, Engineering and Technology 

Volume 3, Special Issue 3, March 2014 

           2014 International Conference on Innovations in Engineering and Technology (ICIET’14) 

On 21st& 22nd March Organized by 

K.L.N. College of Engineering, Madurai, Tamil Nadu, India 

Copyright to IJIRSET                                          www.ijirset.com                                                                                535 

                     M.R. Thansekhar and N. Balaji (Eds.): ICIET’14 

 

 

   

 

 

 

 

 

 

 

 

                     
ABSTRACT— Instantaneous active and reactive power 

(p–q) control strategy is used for extracting the three-

phase reference currents for shunt active filters;However, 

in the proposed approach only calculation of real power 

losses are considered for extracting the three-phase 

reference currents for shunt active filters, evaluating their 

performance using a three phase, five level cascaded 

multilevel VSI based active filter with PI Controller in 

MATLAB/Simulink environment.   The Real Power 

Theory control strategy is able to yield an adequate 

solution when source voltages are distorted and/or 

unbalanced sinusoidal. Extensive simulations are carried 

out with PI controller for Real Power Theory control 

strategy under transient and steady state conditions and 

adequate results are presented with different nonlinear 

loads. 

 

KEYWORDS — Harmonic compensation, SAF (shunt 

active filter), p–q control strategy, PI controller, 

Triangular Carrier Current Controller. 

 

I.  INTRODUCTION 

In recent years Electrical power quality [1] 

becomes an important and growing problem because of 

the proliferation of nonlinear loads such as power 

electronic converters in typical power distribution 

systems. Particularly, voltage harmonics and power 

distribution equipment problems result from current 

harmonics produced by nonlinear loads. Harmonics 

surfaced as a buzz word from 1980s which always 

threaten the normal operation of power system and user 

equipment. Highly automatic electric equipments, in 

particular, cause enormous economic loss every year. 

Owing both power suppliers and power consumers are 

concerned about the power quality problems and 

compensation techniques.  

 

      It is noted that non-sinusoidal current results in many 

problems for the utility power supply company, such as: 

low power factor, low energy efficiency, electromagnetic 

interference (EMI), distortion of line voltage, etc. It is 

renowned that when neutral wire is overheated then 

excessive harmonic current will pass through the neutral 

line, which is three times that of zero sequence current. 

Thus a perfect compensator is necessary to avoid the 

consequences due to harmonics. Though several control 

techniques and strategies [7] have been developed but 

still performance of filter in contradictions, this gives 

primary motivation for the proposed approach. 

Instantaneous active and reactive theory (p–q 

theory) was introduced by Akagi, Kawakawa, and Nabae 

in 1984[1]. Since then, many scientists[6-7]and engineers 

made significant contributions to its modifications in 

three-phase four-wire circuits and its applications to 

power electronic equipment. The p–q theory [6] based on 

a set of instantaneous powers defined in the time domain. 

No restrictions are imposed on the voltage and current 

waveforms, and it can be applied to three phase systems 

with or without neutral wire for three phase generic 

voltage and current waveforms. Thus it is valid not only 

in the steady state but also in the transient state.  

This  paper presents an instantaneous real-power 

compensator based cascaded shunt active power filter for 

the harmonics and reactive power elimination. The 

cascaded H- Bridge multilevel VSI has been applied for 

active filter applications due to increased number of 

voltage levels, low switching losses and higher order of 

harmonic compensation. The cascaded M-level inverter 

consists of (M-1)/2 H-bridges and each bridge have its 

own separate dc source [1]. The cascaded multilevel 
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voltage source inverter switching signals are generated 

using proposed triangular carrier current controller; it 

provides a dynamic performance under transient and 

steady state operating conditions. The compensation 

process involves calculation of real-power (p) losses only 

that is derived from sensing phase voltages and distorted 

source currents. The PI-controller is used to maintain the 

capacitance voltage of the cascaded inverter constant. The 

shunt APF system is validated through extensive 

simulation and investigated under steady state and 

transient conditions with different non-linear loads. 
 

II. PROPOSED INSTANTANEOUS REAL POWER 

THEORY 

In this method [7], a set of voltages vsa, vsb, vsc 

and currents 𝑖𝑠𝑎 , 𝑖𝑠𝑏 , 𝑖𝑠𝑐  from phase coordinates are first 

transferred to the αβ coordinates using Clark 

transformation as 
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The three phase instantaneous active power is 

given by: 

𝑃 3𝛷 = 𝑣𝑠𝑎 𝑖𝑠𝑎 + 𝑣𝑠𝑏 𝑖𝑠𝑏 + 𝑣𝑠𝑐 𝑖𝑠𝑐                 (3)  

 The p–q formulation defines the generalized 

instantaneous real power p(ac) in terms of the α-β  

components as 

                     𝑝𝑎𝑐 = 𝑣𝛼 𝑖𝛼 + 𝑣𝛽 𝑖𝛽                        (4) 

This instantaneous real-power (pac) is passed to 

first order Low Pass Filter (LPF) for eliminating the 

higher order components; it allows the fundamental 

component only. These LPF indicates ac components of 

the real-power losses and it's denoted as  𝑝𝑎𝑐    . 
 The DC power loss is calculated from the 

comparison of the dc bus capacitor voltage of the 

cascaded inverter and desired reference voltage. The 

proportional and integral gains (PI-Controller) are used to 

determine the dynamic response and settling time of the 

dc bus capacitor voltage. The DC component power 

losses can be written as  

𝑃𝐷𝐶(𝐿𝑜𝑠𝑠 ) =  𝑉𝐷𝐶  𝑟𝑒𝑓 − 𝑉𝐷𝐶   𝐾𝑃 +
𝐾𝐼

𝑆
                   (5) 

The instantaneous real-power (p) is calculated 

from the AC component of the real-power loss 𝑝𝑎𝑐     and 

the DC power loss 𝑃𝐷𝐶(𝐿𝑜𝑠𝑠 ) ; it can be defined as follows; 

𝑝 = 𝑝𝑎𝑐    + 𝑃𝐷𝐶(𝐿𝑜𝑠𝑠 )                                    (6) 

The instantaneous current on the α-β coordinates 

of 𝑖𝑐𝛼  and 𝑖𝑐𝛽  are divided into two kinds of instantaneous 

current components; first is real-power losses and second 

is reactive-power losses, but this proposed controller 

computes only the real-power losses. So the α-βcoordinate 

currents 𝑖𝑐𝛼  ,
𝑖𝑐𝛽  are calculated from the vα and vβ voltages 

with instantaneous real-power p only and the reactive 

power q is assumed to be zero. This approach reduces the 

calculations and shows better performance than the 

conventional methods. The α—β coordinate currents can 

be calculated as  
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From this equation, the orthogonal coordinate's 

active-power current is calculated. The α-axis of the 

instantaneous active current is written as:  

𝑖𝛼𝑝 =
𝑣𝛼𝑝

𝑣𝛼
2 +𝑣𝛽

2                                (8) 

Similarly, the β-axis of the instantaneous active 

current is written as:  

                                         𝑖𝛽𝑝 =
𝑣𝛽𝑝

𝑣𝛼
2 +𝑣𝛽

2                           (9)  

Let the instantaneous powers p(t) in the α -axis 

and the β - axis is represented as pα and pβ respectively. 

They are given by the definition of real-power as follows:  

              𝑝 𝑡 = 𝑣𝛼𝑝  𝑡 𝑖𝛼𝑝 (𝑡) + 𝑣𝛼𝑝 (𝑡)𝑖𝛽𝑝 (𝑡)              (10)  

 

Substituting equation (8) & (9) in equation (10) the real-

power p(t) can be calculated.  

The AC and DC component of the instantaneous 

power p(t) is related to the harmonics currents. The 

instantaneous real-power generates the reference currents 

required to compensate the distorted line current 

harmonics and reactive power 

III. DESIGN OF SHUNT APF SYSTEM 

Instantaneous real-power theory based cascaded 

active filter for power line conditioning system is 

connected in the distribution network at the PCC through 

filter inductances and operates in a closed loop [2]. The 

shunt active filter system contains a cascaded inverter, 

RL-filters, a compensation controller (instantaneous real-

power theory) and switching signal generator (proposed 

triangular-Carrier Current Controller) as shown in the 

Fig1. 

 
 

Fig 1.Cascaded MLI Based Shunt Active Filter System 
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The three-phase source is connected with non-

linear load and this nonlinear load current contains 

fundamental and harmonic components. If the active 

power filter provides the total reactive and harmonic 

power, 𝑖𝑠(𝑡) will be in phase with the utility voltage and 

would be sinusoidal. At this time, the active filter must 

provide the compensation current; 

𝑖𝑐 𝑡 = 𝑖𝐿(𝑡)− 𝑖𝑠(𝑡)(11) 

 

Therefore, active power filter estimates the 

fundamental components and compensating the harmonic 

current and reactive power. 

A.  Power Converter 

A cascaded multilevel active power inverter is 

constructed by the conventional H-bridges. The three-

phase active filter comprises of 24-power transistors with 

diodes and each phase consists of two-H-bridges in 

cascade method for 5-level output voltage, shown in Fig 

2. 

 
Fig 2.Design of Cascaded Multilevel Inverter 

Each H-bridge is connected to a separate dc-bus 

capacitor and it serves as energy storage elements to 

supply the real-power difference between load and source 

during the transient period [16-171. The capacitor voltage 

is maintained constant using PI-controller. The 24- power 

transistors switching operations are performed using 

triangular carrier current controller and harmonics is 

achieved by injecting equal but opposite current harmonic 

components at Point of Common Coupling. 

B. Reference Current Control strategy 

The control scheme of the shunt active power filter must 

calculate the current reference signals from each phase of 

the inverter using instantaneous real-power compensator. 

The block diagram as shown in Fig.3, that control scheme 

generates the reference current required to compensate the 

load current harmonics and reactive power. The P1-

controller maintains the dc-bus voltage across the 

capacitor as constant. The instantaneous real power 

compensator with PI-controller is used to extract 

reference value of current to be compensated 

 

 

 

 

 

 

 

 
Fig3.Reference Current Generation Scheme 

The compensator reference currents in abc domain is 

calculated from the inverse Clarke transformation and it 

can be written as  
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C. DC Link voltage regulation 

For regulating and maintaining the DC link 

capacitor voltage [12], the active power flowing into the 

active filter needs to be controlled. If the active power 

flowing into the filter can be controlled equal to the losses 

inside the filter, the DC link voltage can be maintained at 

the desired value. The quality and performance of the 

SAF depends mainly on the method implemented to 

generate the compensating reference currents. This paper 

presents a p-q method to get the reference current, which 

is key issue in the control of the SAF. In order to maintain 

DC link voltage constant and to generate the 

compensating reference currents a PI controller is used. 

The actual capacitor voltage is compared with a 

set of reference value. The error signal is then processed 

through a PI controller. The output of the PI controller is 

considered as real power loss component of APF that is 

nothing but the power flow needed in to DC side of the 

inverter, to maintain the average capacitor voltage 

constant. It compensates conduction losses and switching 

losses. Proportional Integral controller is used in order to 

eliminate the steady state error and reduce the ripple 

voltage of the cascaded inverter. The transfer function is 

defined as  

            𝐻(𝑠) =  𝑉𝐷𝐶  𝑟𝑒𝑓 − 𝑉𝐷𝐶   𝐾𝑃 +
𝐾𝐼

𝑆
 (13) 

The proportional and integral gains[KP =0.7,KI 

=1]are set in such a way that actual Vdcacross capacitor is 

equal to the reference value of Vdc voltage. 

D. Triangular Carrier Current Controller 

The triangular carrier current controller is one of 

the familiar methods for active power filter applications 

to generate gate control switching pulses of the voltage 

source inverter. To determine the switching transitions by 

means the error current [desired reference current (Isa*) 

compared with the actual source current (Isa)] is 

multiplied with proportional gain (Kp). The output signal 

of the proportional gain is compared with triangular 

carrier signal. 
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Fig 4.Triangular Carrier Current Controller 

 

The four triangular signals are generated that is 

having same frequency with different amplitude for 

cascaded multilevel inverter to avoid overlapping of one 

converter with other phase. Thus the switching frequency 

of the power transistor is equal to the frequency of the 

triangular-carrier signals. 

 

IV. RESULT AND ANALYSIS 

 

The performance of the PI  controller based  

cascaded active power filter is evaluated  through 

extensive simulation using MATLAB /Sim power tools in 

order to model and test  the system. The system source is 

chosen as 440 V, 50 Hz .For nonlinear load a diode 

rectifier with a RL load is chosen. DC side capacitance 

(Cdc) with various reference voltage (VDC ref) has been 

taken into consideration as energy storage element. Power 

devices used are IGBTs with diodes. 

 Simulation of the three phase diode rectifier 

with filter capacitor, load current or source current before 

compensation are shown in Fig 5.(a). This indicates the 

load current contains the fundamental and harmonic 

components.The equal and opposite magnitude of 

harmonic current is injected at PCC is shown in Fig 5.(b). 

The three-phase source current after compensation is 

shown in Fig 5.(c) in which  the current is sinusoidal. 

 
 

Fig 5.(a) Source or Load current  before  Compensation (b) 

Compensation current from cascaded APF  (c), Source Current after 
compensation 

 

 

For the purpose of harmonic reduction and 

power factor correction the switching pulses to the 

switches of shunt active filter is produced by using 

triangular carrier current controller and the generated 

switching pulses for a single phase five level cascaded 

multilevel VSI  are shown in fig.6. 

 
Fig 6.Gating pulses per phase 

 

In addition to this, power factor correction was 

also achieved as shown in Fig.7.The result indicates 

phase-A voltage is in-phase with phase-A current. This 

Figure illustrates for single phase only where as the 

remaining two phases are similar but shifted by 120
0
. 

 

 
Fig 7.Source Voltage & Current Vs Time 

 

Using PI controller the dc-side capacitor voltage 

reaches its steady state after 2 cycles and is shown in 

Fig.8. 

 
Fig.8.Actual DC bus Voltage of the cascaded inverter 

 

The Fast Fourier Transform (FFT) is used for 

analyzing the harmonic content and is done with the 

fundamental frequency 50 Hz. THD of source current 

without and with using Active Power Filter is shown in 

Fig 9.(a) and 9.(b). 
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Fig.9(a).FFT Analysis of Source Current without APF  (THD=30.59% ) 

 
Fig.9(b).FFT Analysis of Source Current with APF (THD=1.20% ) 

 

The Total Harmonic Distortion (THD) is 

measured under both steady state and transient conditions 

and they are presented in Table I .From this table, it is 

obvious that the PI Controller response is better during 

Steady State Condition. 

TABLE I 

THD MEASUREMENT WITH AND WITHOUT ACTIVE POWER FILTER 

 

 

Condition 

% THD  of Source Current(Is)     

Without Filter With Filter 

Steady state 30.59 1.20 

Transient 32.35 2.68 

 

The system performance for various values of 

VDCref under similar load conditions is shown in Table II.  

From this Table II it is also clear when VDCrefis high, the 

settling time and THD are found to be low. 

TABLE II 

SYSTEM PERFORMANCE FOR VARIOUS VALUES OF VDC, REF 

 

 

VDC, ref(V) 

 

Settling time 

(in cycles) 

 

% THD 

175 6 5.7 

220 3 1.48 

300 2 1.14 

V. CONCLUSION 

The instantaneous real power theory based shunt 

active power filter has been proposed to improve the 

power quality by compensating harmonics and reactive 

power requirement of the nonlinear load. The 

performance of a Real Power Theory based shunt active 

power filter has been studied with the conventional PI 

Controller. From the simulation results it is obvious that 

the compensation process is simple, and is based on 

sensing Phase voltages and Phase currents only. The PI 

controller has a better steady state response. The THD of 

the source current after Compensation is well below 5%, 

the harmonic limit imposed by the IEEE-519 standard. 

For Levels higher than three, there is the problem of 

maintaining individual capacitor voltage balance due to 

un symmetrical loading of capacitor. This problem can be 

eliminated by Swapping of Pulses. 
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