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░ ABSTRACT- Custom power devices (CPDs) provide better harmonic minimization when they are connected in parallel 

with the distribution network. Power switches have a hard impact on harmonic production in distribution networks, which leads to 

aging effects. Techniques used to control CPD’s provide full switching in various ways. A pulse width modulation (PWM) scheme 

requires a reference frame transformation that tracks source and load currents to produce a control signal. The voltage de-coupler is 

installed in the power device's current controllers to minimize fast current harmonics and remove complexity. One-cycle control 

(OCC) operates in dual boost converter mode and requires only source currents to produce a control signal. Minimum distortions 

are obtained by the output voltage feedback compensator. The proposed approach compares the performance of two methodologies 

based on total harmonic distortion (THD) analysis of the same grid voltage. The performance of the CPD using PI and fuzzy one-

cycle control techniques is illustrated by simulation, which gives accurate results. 
 

General Terms: Power Quality Improvement, Harmonic Distortions. 

Keywords: Custom power device, one cycle control, Pulse width modulation, Fuzzy logic control, Total harmonic reduction. 

 

 

 

░ 1. INTRODUCTION   
In consideration of the expeditious evolution of the 

semiconductor industry, power electronic devices have 

acquired heyday in our day-to-day used house-hold electrical 

appliances. Moreover, these power electronic devices have 

gained gratuity in the electronics and electrical industry as they 

are the prominent source of power harmonics in the power 

distribution system. Power harmonics refers to the electric 

contamination on an electric distribution system that can be the 

origin of the power quality issues. So as to enhance the quality 

of power supply, there is a need of filtering process for these 

harmonics. In consequence, custom power device is considered 

to be a feasible substitute for power conditioning to dominance 

harmonic component in power system these days. Florescent 

lamp (namely arching loads), transformers (namely saturated 

devices) and power electronic devices will generate 

components of current and voltage with high frequencies 

among the power line. These high frequencies generated by the 

components of current and voltage are called as power 

harmonics. The harmonic disruptions in the power supply are 

triggered by the non-linear feature of the loads. 
  

Adjustable Speed Drive (ASD) and variable frequency drives 

(VFD) are the applications which have high penetration to 

distribution network [1][2]. A Series active power filter is 

proposed to compensate load voltage harmonics but it requires 

voltage control loop to develop a control signal in addition [3]. 

Continuously adapted harmonics cancellation (CAHC) method 

is used to regulate the clocked system disturbances [4]. A LCL 

type STATCOM with decoupled configuration is designed to 

reduce the internal and external disturbances in the distribution 

system [5][6]. Fuzzy neural network controller is implemented 

to reduce the total harmonic distortion due to nonlinear load 

changing [7].  
 

Sliding mode controller based three phase custom power 

devices with two legs is introduced to reduce the source current 

harmonics and to reduce the switching losses [8]. Solar cell fed 

custom power device is utilized to mitigate harmonics which is 

effect for low source cost [9]. Online learning control with 

PWM pulse generation is discussed to regulate current 

harmonics [10]. A trap LCL filter is placed at the load side to 

compensate harmonic currents due to nonlinear loads which are 

connected to grid [11][12]. To extract the fundamental 

components in the voltage wave for a shunt active power filter 

Kalman filters are used as a sensor less vector control [13]. A 

multilevel inverter based active power filter is developed with 

an open-end winding transformer used to reduce harmonic 

currents [14].  

Hybrid active power filter is used as variable harmonic 

conductance to reduce distortions [15]. Novel control logic for 
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the active filter, based on a virtual resistor injection to 

compensate AC side harmonics [16]. An active damping 

mechanism is reviewed to mitigate harmonic frequencies up to 

a better extend [17]. Low-cost shunt passive filter is designed 

for power factor improvement. The effect of resonance problem 

is reduced [18]. Band less hysteresis technique with neural 

network control is proposed to limit the harmonic currents [19]. 

OCC control tracks only source currents and no need of 

reference frame transformation [20]. Voltage decoupler method 

is used to compensate current harmonics to provide active 

current harmonic reduction and simplify the control logic [21]. 

In this paper, A PWM based custom power device with voltage 

decoupler for current controller is proposed to operate under 

nonlinear load conditions. Voltage detector is used additionally 

when compared with the conventional method for smooth 

current extraction. Also, a one cycle control approach is 

proposed; which operates under dual boost converter mode. The 

OCC is effective and faster harmonic current limiter with low 

switching losses. At each 600 of operation one of the phases will 

be in positive or negative cycle. Based on the operating 

conditions custom power device is operated as parallel 

connected dual boost converter. The two methods such as, 

PWM and OCC techniques are compared for the same base 

system. Total harmonic distortion (THD) of each method is 

validated using MATLAB/Simulink. 
   

░ 2. SHUNT CONNECTED CUSTOM 

POWER DEVICE 
Figure 1 depicts the block diagram of a shunt connected custom 

power device. It is the closed loop system used for harmonic 

reduction. The custom power device will inject the 

compensating current. If to the power system based on the load 

changes. The source current, Is is obtained using the equation. 
 

s f LI I I 
      (1) 

 

 
 

Figure 1: Basic principle of harmonic currents compensations 
 

░ 3. PWM CONTROL OF CUSTOM 

POWER DEVICE  
The main objective of a custom power device is to produce 

compensating currents into the distribution network. The 

compensating current produced is of equal and opposite to the 

harmonic current in the line. This will result in sinusoidal source 

current in the power system. 
 

3.1 Normal or Body Text  
Figure 2 presents the PWM based control approach. Voltage 

across the capacitor, filter currents and load currents are taken 

as feedback. By using Park’s transformation load currents and 

filter currents are converted into two phases. 
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The load currents idl & iql are passed through low pass filter 

which produces fundamental currents ‘i1’. To generate total 

harmonic current i1 is compared with idl. 
 

1df dLi i i 
                     (3) 

 

DC link voltage is observed using voltage detector and is 

compared with a reference voltage to produce current command 

signal. 
 

 *

mI ( ) dc dcG s V V 
      (4) 

 

Here, G(s) is dc voltage regulator which consists of proportional 

integral controller (PI). To minimize the capacitor voltage 

fluctuations and to develop proportional current magnitude PI 

controller is utilized. Current command signal Im is added to 

total harmonic current Idf
*
 to develop the current magnitude. 

 

1 mIdf dLi i i  
                (5) 

qf qfi i 
     (6) 

 

Filter currents are compared with harmonic currents to produce 

the error. The error is given to the current controller to produce 

necessary reference voltages. 
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Figure 2: Block diagram of PWM controller custom power device 
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░ 4. ONE CYCLE CONTROL OF 

CUSTOM POWER DEVICE 
A three-phase shunt custom power device is made up of a 

voltage source converter (VSC) and a three-phase nonlinear 

load linked in shunt. Controlling VSC with only source current 

sensors is preferable than one cycle control. One cycle of 

measured source voltage signal is divided into 6 regions. Two 

of the voltages in each zone are either positive or negative, and 

the third is the polar opposite. For every 600 the custom power 

device is operated as a dual boost converter as shown in figure 3. 
 

 
Figure 3: Three phase source voltage waveforms with region selector 
 

4.1 Custom Power Device as dual boost converter 
For, first (0-600) region the phase voltage Vb holds the negative 

value. The switches in the middle limb are operated in which Sb 

is switched OFF & 𝑆𝑏
′

 is switched ON. Figure 4 shows the 

outcome of changing a voltage source converter to a dual boost 

converter with two grid voltages, Vab and Vcb. Vab, Vcb are line-

to-line voltages and Vdc is the capacitor across voltage that acts 

as an energy storage. 
 

 
Figure 4: Power stage of the custom power device 

 

Let Vab=Vp and Vcb=Vn based on voltage relationship the 

equivalent circuit of the dual boost converter for (0-600) is 
 

 
Figure 5: The equivalent dual-boost converter 
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   (9) 

 

The above equation is developed using source inductor voltages 

at dual boost converter mode. Based on voltage analysis, 

voltage across each inductor is illustrated during each switching 

state in table-1. 
 

░ Table 1: Switching states 

State Vp Vn 𝑽𝒑 𝑽𝒏 VLp VLn VLt 

I ON ON OFF OFF Vp* Vn* Vt* 

II ON OFF OFF ON 
Vp*+1/3×

Vdc 

Vn*-2/3 

×Vdc 

Vt*-

1/3×Vdc 

III OFF ON ON OFF 
Vp*-

2/3×Vdc 

Vn*+1/3×

Vdc 

Vt*-

1/3×Vdc 

IV OFF OFF ON ON 
Vp*-

1/3×Vdc 

Vn*-

1/3×Vdc 

Vt*-

2/3×Vdc 
 

From the above table the switching sequence is possible for I, 

II, III, IV states. By assuming switching frequency is higher 

than the fundamental frequency. The generated equations based 

on duty ratio are: 
 

𝑉𝑝
∗𝑄𝑛 + (𝑉𝑝

∗ +
1

3
𝑉𝑑𝑐) × (𝑄𝑝 − 𝑄𝑛) + (𝑉𝑝

∗ −
1

3
𝑉𝑑𝑐) × (1 − 𝑄𝑝) = 0         (10) 

𝑉𝑛
∗𝑄𝑛 + (𝑉𝑛

∗ −
2

3
𝑉𝑑𝑐) × (𝑄𝑝 − 𝑄𝑛) + (𝑉𝑛

∗ −
1

3
𝑉𝑑𝑐) × (1 − 𝑉𝑝) = 0          (11) 

𝑉𝑡
∗𝑄𝑛 + (𝑉𝑡

∗ −
1

3
𝑉𝑑𝑐) × (𝑄𝑝 − 𝑄𝑛) + (𝑉𝑡

∗ −
2

3
𝑉𝑑𝑐) × (1 − 𝑄𝑝) = 0         (12) 

 

The following equations are true for three phase symmetrical 

system 
 

    𝑉𝑝
∗ + 𝑉𝑛

∗ − 𝑉𝑡
∗ = 0                                        (13) 

 

Replacing Vt* in terms of  𝑉𝑝
∗𝑎𝑛𝑑 𝑉𝑛

∗ the above equation can 

be simplified as 
 

*

*

1 2 1

1 1 2

p p

n n

Q V

Q V

     
          

    (14) 

 

The above equation gives an inherent relationship between the 

duty cycle and the input, output voltage for the dual-boost 

converter. 
 

4.2 One Cycle Control Approach for Three Phase 

Custom Power Device  
One-cycle control provides the required compensating 

harmonic signals to make source currents sinusoidal. The 

relation between source current and voltage depends on 

emulated resistance and is given by 
 

e e eR , R , Ra a b b c cV i V i V i  
   (15) 

 

Where Re is emulated resistance which is used to control the 

equivalent currents ip and in. The above equation can be 

rewritten as 
 

* *

e eR , Rp p n nV i V i 
     (16) 

 

On substituting eq. 15 & 16 in eq. 14, we have 
 

e
1 2 1R

1 1 2

p p

s

n ndc s

Q i
R

Q iV R

    
              (17) 
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Let 𝑉𝑚 =
𝑉𝑑𝑐×𝑅𝑠

𝑅𝑒
, is the control signal generated by using PI 

controller. The above eqn. can be written as 
 

1 2 1

1 1 2

p p

m s

n n

Q i
V R

Q i

    
             (18) 

 

The control mode of operation is obtained by varying the duty 

ratio shown in figure 6. 
 

 
Figure 6: One cycle control (OCC) for control pulse generation 

 

░ 5. TOPOLOGICAL COMPARISION 
The suggested OCC-based CPD outperforms both the 

traditional OCC and PWM approach. Table 2 summarizes the 

requirements of several methods for easy comparison with other 

existing harmonic correction strategies. From table 2 it is clear 

that, when compared to other schemes, OCC-based systems are 

simple to construct without a PLL. All other designs necessitate 

a greater number of sensors than most OCC schemes. They also 

require high-bandwidth current controllers that are specifically 

built for them. Due to the nonlinear property of its current 

controller, the OCC system integrates the current controller 

with the PWM modulator and has a fast dynamic response. In 

comparison to standard OCC, the suggested OCC methodology 

in the paper only requires three additional sensors, as well as 

only two flip flops for pulse production. The harmonic 

performance of this control method is satisfactory. 

 

░ Table 2: Comparison between conventional and proposed methods 
 

Controller Sensors (Current Amps) 
Control Signal 

generation 

Pulse 

generation 
PLL 

No. of 

sensors 

PWM Control Conventional 
Method 

Required source, load current sensors and source 
voltage sensors  

Parks transformation 10kHZ Yes 10 

PWM Control Proposed 

Method 

Required source, compensating current sensors 

and source voltage sensors 
Parks transformation 12.5kHZ Yes 10 

One Cycle Control 
Conventional Method 

Required source current and voltage sensors Region Selector 12.8kHz No 7 

One Cycle Control Proposed 

Method 
Required source current and voltage sensors Region Selector 13kHz No 7 

 
 

░ 6. FUZZY LOGIC CONTROLLER 
Increasing success has come from using the underlying 

concepts of observation as part of a Fuzzy control framework. 

To enhance performance, fuzzy frameworks are often updated 

to incorporate additional criteria or features. Fuzzy control may 

be used to enhance traditional control architectures by 

providing more knowledge beyond what is already available. 

The Fuzzy Inference System Editor is part of the controller's 

fuzzy logic. This FIS editorial manager recreates a sophisticated 

exchange circuit. The fuzzy controller adds VCr and ICr to the 

system. The value generated by the controller is brand new. 

There are several different editors available inside this graphical 

user interface, including a membership work editor, FIS editor, 

rule editor, surface viewer, and rule viewer. 
 

 
 

Figure 7: Fuzzy inference system 
 

░ 6. SIMULATION RESULTS 
░ Table 4: Test system data 

Three-Phase Source 
RMS Voltage (Vrms) = 120V 
Supply Frequency (f) = 60 HZ 

Source inductance (Ls) = 0.4 mH 

Nonlinear Load (balanced) 
Bridge Rectifier with L0= 3.1 mH, 

R0 = 8.67Ω, C0 =3300 µF 

Custom power device 

specifications 

Inductance(L2) = 0.25mH, 

Input Resistance(R2) = 0.03 Ω, 
DC link capacitor = 4800 µF. 

DC-Link Capacitor Voltage (VC) = 400V. 

 

The proposed PI OCC and Fuzzy OCC methods are validated 

under a variety of load scenarios through simulation. 
 

7.1 Without Custom Power Device (CPD) 
 

 
 

Figure 8: Simulation results of Non- Linear Load (a) Source Current 

(b) Load Current (c) Injected Current 
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Figure 8 (a) shows that the source current does not have a 

sinusoidal waveform because of the nonlinear load. In figure 8 

(b) and figure 8 (c), we can see the load current and the injected 

current. 
 

 
Figure 9: THD of Source Current 

 

From FFT analysis THD of Source Current is 16.01%. 
 

7.2 Custom Power Device (CPD) with OCC PI 

Controller  
 

 
Figure 10: Simulation results with APF (a) Source Current (b) Load 

Current (c) Injected Current 
 

The CPD causes the source current to have a sinusoidal 

waveform, as seen in figure 10 (a). The load and injected 

currents are shown in figure 10 (b)& 10(c). From FFT analysis 

THD of source current is 3.40% 
 

 
Figure 11: THD of Source Current 

 

7.3 Custom Power Device (CPD) with OCC Fuzzy 

Controller  
If one examines figure 13, they will see that the source current 

waveform is sinusoidal because of SAPF. Figure 12(b) and 

12(c) depict the load current and injecting current, respectively. 
 

 
Figure 12: Simulation results with APF (a) Source Current (b) Load 

Current (c) Injected Current 
 

 
Figure 13: THD of Source Current 

 

From FFT analysis THD of Source Current is 2.84%. 
 

7.4 PWM OCC Controller with Combination of 

Balanced Load 
 

 
Figure 14: Simulation results with PI with combination of 

Unbalanced Load (a) Source Current (b) Load Current (c) Injected 

Current 
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The CPD causes the source current to have a sinusoidal 

waveform, as seen in figure 14 (a). The load and Injected 

currents are shown in figure 14(b)&14 (c).  
 

 
Figure 15: THD of Source Current 

 

From FFT analysis THD of source current is 2.72%. 
 

7.5 Fuzzy OCC Controller with Combination of 

Balance Load 
 

 
Figure 16: Simulation results with FUZZY with Balanced Highly 

Inductive Load (a) Source Current (b) Load Current (c) Injected 

Current 
 

The CPD causes the source current to have a sinusoidal 

waveform, as seen in figure 16 (a). The load current and 

injected current are equal, as shown in figure 16 (b) &16(c). 
 

 
Figure 20: THD of Source Current  

From FFT analysis THD of Source Current is 2.26%. 
 

░ Table 5: Load values for both PI OCC and Fuzzy OCC 

techniques 

Type of Load Load Load value 

Unbalanced Load 
Resistance 15Ω, 6Ω, 8Ω 

Inductance 8e-3H, 4e-3H 

Balanced Load 
Resistance 7Ω 

Inductance 10H 

 

░ Table 6: Simulation test results of distribution system 

under nonlinear loading 

Operating Conditions 
% THD with PI 

OCC controller 

% THD with 

FUZZY OCC 

controller 

Without CPD 16.01 16.01 

With CPD 3.40 2.84 

CPD with Combination of 

Unbalanced load 
3.39 3.12 

CPD with Combination of 

Unbalanced and Balanced load 
2.64 2.62 

CPD with Combination of 

Balanced load 
2.72 2.26 

CPD with Combination of 

Balanced Highly Inductive 

load 

3.40 2.82 

CPD with Combination of 

Balanced Highly Inductive 

load and Unbalanced load 

3.37 3.07 

 

From table 6, the THD of source current is same for both PI 

controller technique and fuzzy controller technique when the 

active power filter is not connected to the system. It can also be 

seen that there are lower THD values of source current when 

Active Power Filter (APF) with fuzzy controller is connected to 

the system when compared to the THD values of source current 

when APF with PI controller is connected to the system. 
 

░ 8. CONCLUSION 

In this research work, current distortion due to nonlinear loads 

and compensation with various methods is presented. The 

proposed PI OCC and Fuzzy OCC schemes for shunt CPD are 

used to compensate the source current harmonics. With custom 

power device connected to nonlinear load, it is observed that 

with conventional OCC method the harmonic distortion is 

reduced to 3.40% while in the proposed fuzzy OCC technique 

Harmonic distortion is 2.84%. Hence, by increasing the 

switching frequency and adding voltage decoupler the harmonic 

distortions are reduced to a good extent. On the other hand, one 

cycle control scheme requires less sensors, so the cost of design 

is less when compared to PWM technique. Conventional OCC 

technique requires more flip flops for pulse generation while the 

proposed OCC method requires only two Flip flops, and the 

additional advantage is it does not require PLL. It is observed 

that, by using conventional OCC method, the total harmonic 

distortion is reduced to 2.72% and by using proposed fuzzy 

OCC method the harmonic distortion is minimized to 2.26% for 

balanced loads. This research reveals that it is more economical 

and reliable to use the proposed OCC technique based custom 
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power device for harmonic reduction for various loads to 

evaluate the performance of distribution system. 
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