
Received:  April 28, 2022.     Revised: July 13, 2022.                                                                                                         54 

International Journal of Intelligent Engineering and Systems, Vol.15, No.6, 2022           DOI: 10.22266/ijies2022.1231.06 

 

 
Inverter Control on 3 Phase UPS System as Harmonic Compensator and Power 

Factor Improvement Using Online Combined Error Adaptive Fuzzy 

 

Dedy Kurnia Setiawan1*          Widya Cahyadi1          Bambang Sri Kaloko1 

 
1Department of Electrical Engineering, Universitas Jember, Jember 68121, Indonesia 

* Corresponding author’s Email: dedy.kurnia@unej.ac.id 

 

 
Abstract: Uninterruptible power supply (UPS) is a form of electrical supply that is frequently used to regulate 

electrical current and perform as a backup power source when the primary power source fails. Apart from providing 

backup power, the inverter system proposed in this study can reduce harmonic effects and increase power factor. The 

control system is based on a synchronized reference frame (SRF) and uses online combined error adaptive fuzzy 

(OCEAF). The load voltage and current are decomposed into their symmetrical components: positive, negative, and 

zero. These components are then transformed to a synchronous reference frame (dq), which OCEAF controls. 

Controlling the inverter is accomplished by converting the controller output to abc coordinates. OCEAF combines the 

delta error adaptive fuzzy (DEAF) and the absolute error adaptive fuzzy (AEAF) techniques with the NN adaptor. This 

adaptive fuzzy-PI automatically modifies the Kp and Ki values when the system changes, significantly when the source 

value alters or is faulty. According to power factor measurements, OCEAF performance is superior, more consistent, 

and closely unity power factor. As for evaluating network harmonics, systems with OCEAF controllers may reduce 

network harmonics from 6.24 % to between 1 and 1.5 %. The DEAF and CEAF techniques reduce harmonics by 2-

2.5 and 1.5-2 %, respectively. 

Keywords: Three-phase AC/DC converter, Uninterruptible power supply, Combined error adaptive fuzzy, Delta error 

adaptive fuzzy. 

 

 

1. Introduction 

Electrical energy demand has increased due to 

technological advancements for both residential and 

industrial customers. Numerous load types, both 

linear and nonlinear, have advanced fast. This 

increase has a noticeable effect on the electrical 

system’s functioning. The formation of harmonics is 

one of the undesirable consequences of the presence 

of nonlinear loads. Not only do harmonic-distorted 

currents have a fundamental frequency of 50 Hz, but 

they also have multiple high-frequency components. 

When harmonic current interacts with the impedance 

of the mains power supply, line voltage distortion 

results, and harmonics in the electrical system can 

result in line and transformer losses. Eddy's current 

losses are one of them. These losses occur in the iron 

core due to the coil’s induced current flowing through 

it. This current has the potential to overheat the 

transformer. The component of these losses is 

proportional to the square of the frequency of the 

induced current [1–6]. Additionally, unbalanced 

inductive or capacitive loads can change the power 

factor or cos θ. A poor power factor pulls a larger 

internal current, and the resulting excessive heat 

damages or shortens the life of the equipment. 

Furthermore, increased reactive loads might decrease 

the output voltage, causing damage to sensitive 

equipment. 

Active filters are one of the numerous techniques 

attempted to resolve this issue. There are also other 

further choices. Active filters can improve the overall 

quality of the electric power provided by an electrical 

system, particularly on the source side or distribution 

network. Depending on the selected control 

mechanism, the duty of compensating for the active 

filter can be accomplished in various ways. An active 

filter circuit is a specific type of inverter controlled 
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by a particular control technique, albeit it is an 

inverter in general. 

On the other hand, as customer needs for 

electrical energy continuity increase, the use of the 

uninterruptible power system (UPS) expands. 

Numerous electrical gadgets are fitted with UPSs as 

a kind of interference protection. A UPS system 

converts a DC supply to three-phase AC through an 

inverter like an active filter. Thus, the UPS may also 

operate as an active filter with proper supervision, 

compensating for harmonics and correcting the 

power factor. UPS is one among them. Online UPSs 

can minimize harmonics and enhance power factors 

solely on the protected load side [7–9]. 

A modified synchronous reference frame 

(MSRF) control approach was used in another 

investigation [10–13]. These approaches are based on 

the breakdown of primary source three-phase 

voltages and currents into their symmetrical sequence 

components, namely positive, negative, and zero 

voltages are translated into dq coordinates [14]. As a 

result, the voltage and current magnitudes may be 

regulated concerning the reference DC signal. PI is 

used to control the amount of current and voltage 

utilized. The controller’s shortcoming is the tuning 

system’s inability to obtain the proper proportional 

constant (Kp) and integral constant (Ki). This is 

exacerbated if the system undergoes considerable 

modifications, as tuning will be required each time a 

change happens. 

This work proposes a control mechanism for 

accurately and automatically tuning the Kp and Ki 

parameters to enhance the aforementioned 

circumstances. Self-tuning fuzzy-PI is used as the 

controller approach. This logic control provides 

several benefits over programmable logic controllers. 

One of them is that it is not dependent on a 

mathematical model and can function more 

effectively with nonlinear systems [14, 15]. 

Numerous research has demonstrated that an 

adaptive fuzzy controller may be employed to 

regulate the inverter. To derive the constants Kp and 

Ki, this approach typically employs an error signal (e) 

and a delta error signal (de) as input signals. The 

adaptive controllers used in this work were dubbed 

delta error adaptive fuzzy (DEAF) and absolute error 

adaptive fuzzy (AEAF). Both of these control 

mechanisms use identical input, except that the error 

value in AEAF is an absolute value [16–18].  

In the previous study, a mixture of DEAF and 

CEAF was used. Each adaptive fuzzy is accountable 

for independently determining Kp and Ki values [16]. 

In this field, it is state of the art. Compared to the 

DEAF and AEAF approaches, this system’s response 

is more precise. When applied to UPS, however, this 

CEAF approach still has flaws. It has a slower 

response time and steadier steady-state stability with 

more ripples. To improve this controller, CEAF 

adjustments were required. Before CEAF, an online 

artificially intelligent adaptor must be introduced to 

condition the control signal. In this study, a neural 

network (NN) controller was utilized. Online 

combined error adaptive fuzzy (OCEAF) describes 

the combination of the CEAF controller with the NN 

adaptor.  

The OCEAF approach is a novel adaptive fuzzy 

technique applied in this study. OCEAF combines 

DEAF and AEAF in a fuzzy and neural network 

manner. In this study, the neural network architecture 

is employed to execute fuzzy logic inference, with the 

a priori knowledge of each rule directly encoded into 

the network weights. When the input is a sharp set, 

the suggested neural network architecture's 

functionality is reduced to sharp mode ponens. Each 

adaptive fuzzy is responsible for individually 

establishing the values of Kp and Ki.  

This research aims to determine the performance 

of an inverter coupled to an OCEAF controller that 

functions as a UPS and operates as a power factor and 

harmonics compensation. A UPS with a CEAF and a 

DEAF controller was used as a point of reference. 

This essay is divided into several sections. The 

introduction, which discusses the context of the 

problem, is followed by the research technique 

section, which discusses the recommended strategy 

for resolving the problem. The following part, results 

and discussion, covers the simulation results testing 

and discussion and concludes with the conclusion 

section. 

2. System description and modeling 

The control approach depicted in Fig. 1 is based 

on the transformation of current and voltage to their 

symmetrical components. This control approach is 

referred to as a symmetrical sequence controller, and 

it comprises a three-channel layout comprising an 

inner current loop and an outside voltage loop. Three 

channels are utilized to regulate three distinct 

sequences.  

DK Setiawan and colleagues [10, 13, 19] propose 

this technique based on a symmetrical sequence 

controller. The variables v*dp, v*dn, v*dz, v*qp, v*qn, 

and v*qz in this figure represent the reference voltages 

at coordinate dq. The voltage and current magnitudes 

obtained by transforming the abc coordinates’ 

symmetry component to the dq coordinates are vdq,p, 

vdq,n, vdq,z and idq,p, idq n, idq,z.  

In Fig. 1, the OCEAF controller block 

corresponds to the OCEAF controller in Fig. 2. As 
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Figure. 1 OCEAF-based inverter control model for a UPS 
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Figure. 2 Schematic representation of the OCEAF controller 

 

can be seen from these two pictures, this inverter is 

controlled by two loops. The outer loop is a variable 

voltage controller, whereas the inner loop is a 

variable current controller. 

2.1 Sequence decomposition and abc/dq 

transformation  

In harmonic interference, the voltage and current 

waves are mismatched. This wave is divided into 

three equal phasors using the symmetrical sequence 

components [20].  
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Figure. 3 The UPS control system uses the proposed OCEAF: (a) The OCEAF PI controller’s structure and (b) OCEAF 

model diagram 

 

The clark and park transformation turns the 

voltage and current obtained from the decomposition 

of the preceding equation into dq coordinates at the 

fundamental frequency. 

The variable y denotes the voltage or current, 

X1(t) denotes the fundamental input signal, and X2(t) 

denotes the fundamental input signal shifted by 90 

degrees. 

 

𝑦𝑝(𝑡) =
1

3
[

1 −0.5 −0.5
−0.5 1 −0.5
−0.5 −0.5 1

] 𝑋1(𝑡) − 

 
1

2√3
[

0 1 −1
−1 0 1
1 −1 0

] 𝑋2(𝑡)        (1) 

 

𝑦𝑛(𝑡) =
1

3
[

1 −0.5 −0.5
−0.5 1 −0.5
−0.5 −0.5 1

] 𝑋1(𝑡) + 

1

2√3
[

0 1 −1
−1 0 1
1 −1 0

] 𝑋2(𝑡)    (2) 

 

𝑦𝑧(𝑡) =
1

3
[

1 1 1
−0.5 −0.5 −0.5
−0.5 −0.5 −0.5

] 𝑋1(𝑡) + 

1

2√3
[

0 0 0
−1 −1 −1
1 1 1

] 𝑋2(𝑡)  (3) 

2.2 Outer voltage loop 

The outer voltage loop is a control loop with 

voltage as the control variable. It is used to maintain 

a consistent voltage reading. This controller block has 

three controllers: a positive, a negative, and a homo 

polar or zero. Each controller independently controls 

the components of the positive, negative, and zero 

sequences.  

The third-order voltage value is compared to the 

output reference voltage in this controller. The 

OCEAF controller processes the ensuing error. The 

peak voltage value for the positive sequence voltage 

reference is used, while the value for the negative and 

zero sequence voltage references is maintained 

constant. This loop generates reference currents 
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denoted by the symbols i*d,p, i*q,p, i*d,n, i*q,n, i*d,h, and 

i*q,h. The inner current loop uses these six variables 

as references. 

2.3 Inner current loop 

The output inner current loop generates SPWM’s 

reference signal voltage. Based on Fig. 2, the 

reference signals for positive sequence(vfd,p and vfq,p), 

negative sequence (vfd,n and vfq,n), and zero sequence 

(vfd,z and vfq,z) are determined by (4) to (9). The 

OCEAF is shown in Fig. 3. 

 

𝑣𝑓𝑑,𝑝 = 𝑣𝑑,𝑝 + (𝑂𝐶𝐸𝐴𝐹)(𝑖𝑑,𝑝
∗ − 𝑖𝑑,𝑝) + 𝜔𝐿𝑓𝑖𝑞,𝑝 (4) 

 

𝑣𝑓𝑞,𝑝 = 𝑣𝑞,𝑝 + (𝑂𝐶𝐸𝐴𝐹)(𝑖𝑞,𝑝
∗ − 𝑖𝑞,𝑝) − 𝜔𝐿𝑓𝑖𝑑,𝑝 (5) 

 

𝑣𝑓𝑑,𝑛 = 𝑣𝑑,𝑛 + (𝑂𝐶𝐸𝐴𝐹)(𝑖𝑑,𝑛
∗ − 𝑖𝑑,𝑛) − 𝜔𝐿𝑓𝑖𝑞,𝑛 (6) 

 

𝑣𝑓𝑞,𝑛 = 𝑣𝑞,𝑛 + (𝑂𝐶𝐸𝐴𝐹)(𝑖𝑞,𝑛
∗ − 𝑖𝑞,𝑛) + 𝜔𝐿𝑓𝑖𝑑,𝑛 (7) 

 

𝑣𝑓𝑑,𝑧 = 𝑣𝑑,𝑧 + (𝑂𝐸𝐶𝐴𝐹)(𝑖𝑑,𝑧
∗ − 𝑖𝑑,𝑧)  (8) 

 

𝑣𝑓𝑞,𝑧 = 𝑣𝑞,𝑧 + (𝑂𝐸𝐶𝐴𝐹)(𝑖𝑞,𝑧
∗ − 𝑖𝑞,𝑧)  (9) 

2.4 Transformation of dq/abc and sequence 

composition 

A driver signal from SPWM is necessary for 

controlling the UPS. This signal results from 

inverting the translation of the control signal dq into 

abc coordinates. This modification employs the 

inverse clark and park transform in (10). With x 

represents voltage in positive sequence p, negative 

sequence n, or zero sequence z. The outcomes are 

then recompiled into the respective A, B, and C phase 

components (11). 

 

[

𝑣𝑎𝑥

𝑣𝑏𝑥

𝑣𝑐𝑥

] = 

2

3
[

𝑠𝑖𝑛(𝜔𝑡) 𝑐𝑜𝑠(𝜔𝑡)

𝑠𝑖𝑛(𝜔𝑡 − 2𝜋
3⁄ ) 𝑐𝑜𝑠(𝜔𝑡 − 2𝜋

3⁄ )

𝑠𝑖𝑛(𝜔𝑡 + 2𝜋
3⁄ ) 𝑐𝑜𝑠(𝜔𝑡 + 2𝜋

3⁄ )

] [
𝑣𝑑𝑥

𝑣𝑞𝑥
]   (10) 

 

[

𝑣𝑎

𝑣𝑏

𝑣𝑐

] = [

𝑣𝑎𝑝+𝑣𝑎𝑛 + 𝑣𝑎𝑧

𝑣𝑏𝑝+𝑣𝑏𝑛 + 𝑣𝑏𝑧

𝑣𝑐𝑝+𝑣𝑐𝑛 + 𝑣𝑐𝑧

]                            (11) 

3. Control of inverters using online CEAF 

This section describes the design of the system 

identifications that are used to compensate for the 

control signals generated by the previously 

mentioned current and voltage controllers. Fig. 3 

illustrates the diagram for system modeling utilizing 

the online self-tuning fuzzy CEAF approach. Each of 

the system models has two inputs and a single output. 

The learning algorithm employs the gradient descent 

method and back-propagation with two inputs. It 

contributes to tuning the fuzzy input MF shapes and 

output weights to predict the model output accurately 

compared to the corresponding natural system. 

The most often used self-tuning fuzzy control 

approach is the DEAF type controller. DEAF is a 

self-tuning fuzzy algorithm frequently used as a 

controller [7–11]. Generally, a proportional constant 

Kp or an integral constant Ki on a PI are determined 

using an error signal (e) and a delta error signal (de) 

as input signals. 

Even when just one DEAF is employed, the 

DEAF fuzzy controller follows the same procedures 

for finding the values of Kp and Ki. Even though the 

personalities of Kp and Ki are unmistakably distinct. 

On the other hand, some additional adaptive fuzzy 

controllers are similar to DEAF but start with 

absolute error values and delta errors, which we refer 

to as AEAF in this work. 

The OCEAF is employed in this research since it 

combines DEAF and AEAF. Fig. 3 illustrates this 

control approach. Each adaptive fuzzy controller 

controls the Kp and Ki values independently. As a 

result, it is projected to provide more accurate and 

reliable performance than the prior technique. 

The value of Kp is computed using DEAF with 

up to two variables as inputs. The first parameter is 

an error, denoted by e(t); the difference between a 

reference value and a measured value, such as the 

magnitude of a voltage or current. Eq. (11)’s DC 

voltage error is a fuzzy input to the voltage controller. 

Two DEAF inputs are often utilized with current 

controllers and input error variables (e) currents id 

and iq. Eqs. (12) and (13) demonstrate this. 

 

𝑒1(𝑘) = 𝑣𝑑𝑐,𝑟𝑒𝑓 − 𝑣𝑑𝑐(𝑘)                                 (11) 

 

𝑒2(𝑘) = 𝑖𝑑,𝑟𝑒𝑓 − 𝑖𝑑(𝑘)             (12) 

 

𝑒3(𝑘) = 𝑖𝑞,𝑟𝑒𝑓 − 𝑖𝑞(𝑘)             (13) 

 

where k denotes the discrete-time interval, id and iq 

denote the real currents, and id,ref and iq,ref denote the 

reference flows in the frame dq,. 

The DEAF controller’s second input is the delta 

error (de), which is calculated as the difference 

between the error and the prior input error, as seen in 

Eqs. (14) and (15). 
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𝑑𝑒2(𝑘) = 𝑒2(𝑘) − 𝑒2(𝑘 − 1)             (14) 

 

𝑑𝑒3(𝑘) = 𝑒3(𝑘) − 𝑒3(𝑘 − 1)             (15) 

 

The DEAF fuzzy membership function (MF) is as 

follows for each input and output: The MFs for e(k) 

and de(k) is defined using the type "trimf" in five 

functions. The triangular MF compares high-variance 

changes in current or voltage values. The benefit is 

that it can detect minute changes in current or voltage 

and recommend quick and precise control options for 

the inverter control process. 

As seen in Fig. 4, the MFs employed are negative 

large (NL), negative small (NS), zero (Z), positive 

small (PS), and positive large (PL). In terms of the 

output value Kp(k), the five MFs are as follows: zero 

(Z), positive small (PS), positive medium (PM), 

positive large (PL), and positive very large (PVL). 

These MFs are seen in Fig. 5. The current and voltage 

controllers’ rule basis is created and shown in Table 

1 for Kp. 

The adaptive fuzzy AEAF controller is used to 

determine the value of Ki. Absolute error and 

absolute delta error are used as input variables. The 

absolute error of voltage or current controllers is the  
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Table 1. The basis of the Kp rule on DEAF 
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Table 2. The basis of the Ki rule on AEAF 
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Figure. 7 MFs for output AEAF: Ki 

 

difference between the reference voltage or current 

and the rated voltage or current. 

As seen in Figs. 6 and 7, the set of AEAF MFs for 

input and output is specified as zero (Z), very small 

(VS), small (S), large (L), and very large (VL). The 

AEAF fuzzy rule matrix in Table 2 is based on the 

dynamic behavior of the error signal. 

Because all of the MFs (μM) are triangular forms, 

they may be expressed as (16). 

 

𝜇𝑀(𝜇𝑀) = 1 −
2|𝑥𝑀−𝑎𝑗

𝑀|

𝑏𝑗
𝑀 ,   𝑗 = 1,2 ….        (16) 

 

where xM denotes the model input in its entirety, aj
M 

denotes the center of the jth triangle MF, and bi
M 

denotes its width. We can compute the fuzzy output 

for the recognized fuzzy model’s input as (17). 

 

𝑢𝑀 =
∑ 𝜇𝑗

𝑀𝑤𝑗
𝑀𝑘

𝑗=1

∑ 𝜇𝑗
𝑀𝑘

𝑗=1

                (17) 

 

where μj and wj denote the height and weight, 

respectively, of the control output produced from the 

rule jth. The model output yM (Fig. 7) may be 

calculated as (18) from the fuzzy output: 
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𝑦𝑀 =
1

1+𝑒−𝑢𝑀              (18) 

 

The neural-fuzzy recognized model’s output yM 

contains single output functions: Kp or Ki. 

Meanwhile, the model error function is defined as 

(19). 

 

𝐸 = 1

2
(𝑦𝑀(𝑡)−𝑦𝑟𝑒𝑓

𝑀 )
2
              (19) 

3.1 Three phase main source and battery 

Assume that a three-phase alternating current 

source provides the electrical system with a specified 

power capacity of 5 MVA, an impedance Z = 6.75 % 

with X/R = 12.14, a voltage VL-N = 220 volts, a voltage 

VL-L(rms) = 380 volts, and a frequency, f = 50 Hz. 

According to these values, the impedance of the 

three-phase primary source is composed of a 

resistance Rs = 15.926 mΩ and an inductance Ls = 

0.615 mH. 

The battery is programmed to maintain its rated 

voltage and capacity. The battery block comprises of 

a direct current source with a voltage of 600 volts 

connected in parallel with a capacitor serving as a 

temporary storage device. 

3.2 Load parameters  

a. Resistive load 

When the OCEAF inverter is tested as a UPS, a 

resistive load is employed with the phase values 

balanced. The load is 10 kΩ in each phase with a star 

connection (wye) as indicated in Fig. 8, for a total 

power of 10,000 Watts. 

 

b. Low-power-factor loads 

RL loads are used to evaluate the success of 

OCEAF management while attempting to enhance 

the power factor. This power factor improvement 

testing system utilizes an imbalanced RL load. This 

is since each phase will have a unique power factor 

value. 

Fig. 9 illustrates the value of an unbalanced 

circuit with a low power factor. Additionally, Table 3 

illustrates the power factor for each load phase, 

causing the network’s current to lag (lagging behind 

the voltage). 

 

10 k  

10 k  

10 k  

 
Figure. 8 Modeling of balanced resistive loads 

18  , 0.09 H 

10  , 0.07 H 

16  , 0.10 H 

 
Figure. 9 Modeling of low power factor loads 

 

Table 3. Loads with a low power factor for each phase 

Phase 
Loads 

Power factor 
R (Ω) L (H) 

A 10 0.07 0.41 

B 18 0.09 0.53 

C 16 0.1 0.454 

 

1
0

  
, 
1
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H
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Rectifier 1
m

F

3
0

0
  
 

 
Figure. 10 Modeling of a nonlinear load 

 
Table 4. System specification 

No Parameters Value 

1 
Input and 

output 

Inverter 

Battery input voltage 700 V 

Output voltage (VLN) 220 V 

Frequency 50 Hz 

2 Filter  
Inductance (Lf,) 0.3 mH 

Resistance (Rf) 0.1  

3 

Input and 

output main 

source 

Output voltage (VAN) 220 V 

Frequency 50 Hz 

Rated power (3phase) 5 MVA 

 

The load utilized as the test load in Fig. 9 has a 

low power factor value. As demonstrated in Table 3, 

the minimal power factor that may be accepted is 

roughly 0.87, but the load applied in this test is less 

than that. It will be demonstrated that by utilizing the 

OCEAF inverter control, the power factor may be 

improved to near unity. 

 

c. Nonlinear load 

A nonlinear load in the form of a three-phase 

rectifier is employed in the harmonic compensation 

test, as illustrated in Fig. 10. As seen in the figure, the 

load is a rectifier equipped with an input filter in the 

form of RL and a filter capacitor in parallel with a 

resistive load on the rectifier's output side. Under this 

load level, the network system will exhibit harmonic 

distortion. 
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4. Results and discussion 

The proposed control approach was simulated 

using MATLAB. The parameters that were utilized 

are shown in Table 4. Before starting the OCEAF 

system, the 12 PI controllers in the control block 

lacked Kp and Ki values; however, the Kp and Ki 

values were automatically injected into the PI 

controllers once the system was started. 

4.1 UPS Testing 

During UPS testing, the grid voltage and current 

are intended to be deficient. As seen in Fig. 11, when 

a failure occurs at 0.075 seconds, the current is 

disconnected from its source. This disruption lasts 

from 0.125 and seconds. The system is enhanced by 

compensating for this circumstance with a fuzzy 

 

  
Figure. 11 Grid current (supply) when the fault occurs  

 

 
(a) 

 
(b) 

 
(c) 

Figure. 12 Current system when UPS testing: (a) DEAF, 

(b) CEAF, and (c) OCEAF 

adaptive controller. The current situation following 

repair is depicted in Figs. 12(a) to 12(c). The system 

switches from its primary source to its backup supply 

during this mode, the UPS. Based on these three 

images, the controller employing OCEAF gives the 

most significant and most stable current response 

compared to other controllers. 

When considered from the voltage perspective, 

the results will be as depicted in Fig. 13. When the  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure. 13 Grid voltage system when UPS testing: (a) 

without compensator (b) DEAF, (c) OCEAF, and (d) 

OCEAF 

 

 
Figure. 14 Before system compensation, power factor 

graphs 



Received:  April 28, 2022.     Revised: July 13, 2022.                                                                                                         62 

International Journal of Intelligent Engineering and Systems, Vol.15, No.6, 2022           DOI: 10.22266/ijies2022.1231.06 

 

 
Figure. 15 Power factor system after compensation using 

DEAF 

 

system has a foult, the voltage becomes 0 due to the 

interruption of grid current. By utilizing the OCEAF 

controller, the grid voltage can be maintained at a 

more stable level. Compared to the output voltages of 

other controllers, it appears that the OCEAF 

controller generates a more stable current and voltage. 

4.2 Power factor compensator 

Before correcting the system, Fig. 14 shows the 

power factor values for each phase. Phases A, B, and 

C have power factors of 0.41; 0.53; and 0.454, 

respectively. In testing as a power factor compensator, 

an unbalanced load is utilized. 

Each phase has its unique power factor. Before 

compensation, the power factor ranges between 0.41, 

0.53, and 0.454 for phases A, B, and C when seen 

from the network side. After compensation, the 

OCEAF controller performs significantly better than 

the DEAF and CEAF controllers. On a DEAF 

controller, the power factor value varies from 0.6 to 

1, but on a CEAF controller, it ranges from 0.8 to 1. 

 

 
(a) 

 
(b) 

Figure. 16 Power factor system after compensation: 

(a)CEAF and (b) OCEAF 

4.3 Harmonic current compensator 

Harmonic distortion occurs in the current when 

the nonlinear load mentioned above is applied to the 

system. Fig. 17(a) shows that the output current is not 

a pure sine wave. Fig. 17(b) illustrates the present 

harmonic value. The resultant current appears to have 

a THDi value of 6.24 %, with the maximum value 

occurring in the fifth-order harmonic. 

Using the suggested control method, the network 

 

 
(a) 

 
(b) 

Figure. 17 Harmonic current testing before compensating: 

(a) grid current and (b) THDi 

 

(a) 

(b) 

(c) 

Figure. 18 Grid current after compensation: (a) DEAF, 

(b) DEAF, and (c) OCEAF 
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(a) 

 
(b) 

 
(c) 

Figure. 19 The THDi current of network after 

compensation: (a) DEAF, (b) CEAF, and (d) OCEAF 

 

current waveform improves and approaches a 

sinusoidal shape. Compared to the DEAF and CEAF 

controllers, the grid current with the OCEAF 

controller more closely resembles pure suns, as seen 

in Fig. 18. While the THDi value is displayed in Fig. 

19, The THDi values of these controllers demonstrate 

that the OCEAF controller is superior.  

The THDi’s controller is between 1 and 1.5 % at 

steady-state, whereas it is 2-2.5 % for DEAF and 1.5-

2 % for CEAF. 

5. Conclusion 

This article presents the OCEAF methodology as 

a self-tuning PI optimization method for the UPS. 

This controller allows this system to function as a 

power factor and harmonic compensator and be a 

UPS. The findings of 2.5 cycles of system testing as 

a UPS indicate that the OCEAF system performs 

better than DEAF and CEAF. In addition, based on 

power factor measurements, OCEAF performance is 

superior, more constant, and nearly unitary. As for 

harmonics testing, systems with OCEAF controllers 

can reduce network harmonics from 6.24 % to 

between 1 % and 1.5 %. The DEAF and CEAF 

methods reduce harmonics by 2-2.5 % and between 

1.5 and 2 %, respectively. 
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Notations 

v*dq, p 
Voltage reference of positive 

sequence in dq coordinate   

v*dq, n 
Voltage reference of negative 

sequence in dq coordinate   

v*dq, z 
Voltage reference of zero sequence 

in dq coordinate   

ω Angular frequency = 2πf 

Lf Inductance 

θ Phase angle 

THDi total harmonic distortion of current 
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