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Abstract: 

This work develops a three-phase, various high factor 

converter using a layered forward neural network (CFNN) 

centered on vector pulse width modulation (SVPWM). The 

amplitude as well as angle of the reference vector are used by 

CFNN to compute the duty cycles of a range of space vectors 

in dissimilar directions. The CFNN drastically reduces the 

processing cost of the inflection strategy when compared to 

the classic SVM technique implementation, permitting the 

space vector modulation technique to be conducted much 

faster no sacrificing accuracy. The effectiveness of the 

converter is studied utilizing computational models based on 

the inlet and outlet power quality, as well as the outcomes are 

more immediately noticeable. For the editor, a mathematical 

model was also created. To highlight the effectiveness of the 

CFNN feature of the space vector modulation, a comparative 

of the converter with and without CFNN activation is 

provided. With simple modifications, the method might be 

expanded to multi-level converters. 

Keywords: Two Level Voltage Source Inverter, Width 

Modulation, CFNN and Space Vector Pulse Neural Network.  

 

I. INTRODUCTION 

In comparison to conventional two-degree expanded power 

excellent converters going for walks at the equal switching 

frequency, multilevel AC/DC converters with multiplied 

power first-rate have acquired recognition in recent years for 

medium and excessive electricity features at excessive 

voltages because of their capability to percentage voltage and 

top-quality harmonic top notch of coming into nowadays [1–

3]. In evaluation to standard sinusoidal, vicinity vector pulse-

width modulation has end up more and more popular for such 

converters since it allows for better electric amazing on the 

identical switching frequency and higher use of the DC-bus 

voltage. The predicament with area-vector inflection of three-

degree converters is that it necessitates extensive with time-

eating online computation with the resource of a virtual 

controller Its operation is frequently restrained to a few kHz 

and is luxurious. This trouble can be mitigated by means of 

manner of the usage of a synthetic neural network.  

Artificial intelligence employs a supervised coaching method 

that employs mistake back-propagation. The output layer 

neurons swap facts linearly, whereas the hidden layer neurons 

flip data hyperbolically. The brain network synaptic weights 

exert allotted talent in the system in the same way as synaptic 

connections of neurons provide remembrance or talent in an 

allotted method. While sizeable parallel computing is finished 

with the sources of utility diploma IC processors, one function 

of the neural network that stands proud is its velocity. Non-

linear mapping phenomena may be investigated the usage of a 

feed-ahead service science inclusive of SVPWM. As a end 

result, while growing an SVPWM algorithm, an ANN of the 

entry beforehand again-propagation type with strong 

processing skills can be a top preference. Due to its inherent 

literacy boom, the ANN affords more accuracy through 

extrapolation than the traditional approach [5]. Faster 

switching transitions are added as a result of the dataset's 

selected switching sequences, necessitating using a larger up-

down counter and advanced good judgment circuit [6-9]. 

Parent 1 suggests a 3-phase, more than one excessive aspects 

enhance converter with a cascade beforehand neural network 

(CFNN) and house vector pulse bandwidth modulation 

(SVPWM). Backpropagation makes use of a multi-layer 

convolutional network. With the aid of ANN, the amplitude, 

in addition to the point of view of the vector topic, are utilized 

to decide the responsibility cycles of a number of area vectors 

in diverse regions. In assessment to well-known approach 

implementation, the CFNN drastically reduces the computing 

effort of the modulation method, permitting the residence 

vector modulation method to be performed an awful lot 

quicker with out sacrificing accuracy. Computational 

modeling is utilized to examine the converter's standard 

performance (enter strength thing, load contemporary THD, 

regulated in addition to decreased-DC output voltage), or the 

outcomes are higher diagnosed, depending at the electricity 

state of affairs at the ends of the line. To validate CFNN 

overall performance, device simulations the use of MATLAB 

/ Simulink with SIM electricity software are applied. 

 

Figure 1. Proposed System model of CFNN and SVPWM for 

PQE 

The following are the goals of this paper: 

1) At the load end, maintain a constant voltage profile. 

2) To remove harmonic content in the distribution system 

when the load is imbalanced and nonlinear. 

3) To create control approaches to address the preceding 

issues with voltage variances. 
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4) To correct for unbalanced nonlinear load currents and 

harmonic currents. 

The rest of the sections in the paper are organized as follows: 

Section 2 discussed the power quality improvement. In 

Section 3as literature review has discussed the previous power 

quality enhancement models. Section 4has discusses the 

problem formulation of proposed model. In Section 5 

proposed model algorithm and its description explained. 

Section 6 shows and describes the test results of the proposed 

work. Finally, Section 6 completes the conclude of proposed 

work. 

 

II. POWER QUALITY IMPROVEMENT 

Due to a arrangement of technical modernization in power 

electronics, electrical energy deregulation, economy, client 

rate, and electricity stipulate, the electric-powered energy 

business is shifting from a hardly any large focused era 

centers to a further dispersed and disseminated electricity 

manufacturing communications [10]. Harmonics have a high 

penetration level in DG systems, causing voltage profile 

disturbance and energy problems. The type of attribute 

equipment ratings, harmonics, and the loading requirements 

of the congregation distribution feeder all influence harmonic 

issues. Under the cutting-edge IEEE 519-1992 framework, the 

electrical dealer is responsible for the first-class electricity 

delivered. Harmonic cutting-edge injections should be limited 

based on the amount of terminal load in relation to the 

system's capacity [11]. 

The potential for sturdy digital inverters to feed cutting-edge 

harmonics to the electrical machine is a main source of 

challenge. Using inverters based totally on Silicon controlled 

Rectifier generation exacerbates this chance. They're line-

commutated, permitting them to produce a lot of harmonic 

present day inside the system. They could produce far purifier 

records and, in maximum situations, meet IEEE 519-1992 

[12] necessities. 

In terms of harmonic modelling, a dispersed generator is 

frequently a decoder kind of device, and may as a 

consequence be considered in [13]. Harmonics in the 

productivity electrical energy degree of balanced 3-segment 

inverters may be calculated the usage of the equation 

underneath. 

They must be modified to improve great energy in addition to 

adapt the voltage stability on the loads. Furthermore, first-rate 

harmonics can also preference to be cutting-edge in the facts 

in some unspecified time in the future in gird-linked operation 

due to the layout of the generate windings, middle – anti, 

grounding, and other elements [14]. In the neutral, triple 

overtones are additive, with the function generator being the 

maximum not unusual. Synchronous machines with a winding 

pitch of 2/3 emit far less 1/three harmonics than turbines with 

many pitches. A 2/three pitch engine, alternatively, has a 

lower 1/3 harmonic impedance, that may lead to extra 

harmonic cutting-edge glide from various parallel resources 

[15]. The grounding schemes of the generator and step-up 

transformer hold harmonic feeder penetration to a minimal. 

 

 

 

III. LITERATURE SURVEY 

This section elaborates the various issues using different 

techniques of neural network based SVPWM for power 

quality enhancement modules. 

In [16], a new reimbursement technique based on a PQ-type 

compensator turned into brought. Their reimbursement 

technique will enhance device dependability by means of 

utilising completely DC–bus strength garage with active 

strength-sharing amongst PQ converters, which can be each 

unavailable in compensators. PQ's internal manipulate is 

based on actual electrical laws in shunt and collection 

converters, in addition to strength transfer among converters 

thru PQ DC–hyperlink. In comparison to the normally 

approach they proved that their proposed algorithm changed 

into green, stable, and sturdy. 

In [17] designed a manipulation mechanism for a 3-phase 

four-twine PQ to address a number of PQ difficulties. PQ is 

created by combining a succession of shunt active electricity 

filters (APFs) with a commonplace DC bus capacitor shared 

through all APFs. A 3-phase, four-leg inverter architecture is 

used for the shunt APF, while a three-phase, 3-leg VSI is used 

for the series AFP. The reference signals for sequence APF 

have been developed with a manage mechanism based totally 

on the unit vector template technique (UTT), while Shunt 

APF was previously managed with the ICos theory. As 

opposed to hastily converting APF currents/voltages, the 

manipulate tool's contemporary/voltage law has been used to 

make a contribution to the fulfillment currents/voltages, 

ensuing in a discount in calculation time and sensor depend. 

The MATLAB/Simulink simulation effects show that the 

encouraged control machine is a success in preserving the 

PQ's functionality. 

A scheme for combining PQ with PV array performance 

changed into proposed in [18]. In every islanding and 

interconnected mode, their suggested tool consists of 

collection and electricity. The blessings in their counseled 

device are that it 1) uses a PQ shunt inverter to restriction the 

fee of a PV interface inverter connected to the grid, and a pair 

of) it could accurate for voltage interruptions resulting from 

proposed machine. The PSCAD/EMTDC programme 

changed into formerly utilised to investigate the suggested 

gadget's operation, and the simulation outcomes revealed. 

Created FL and ANN controllers for PQ electrical distribution 

community's electricity. In evaluation to the PID controller, 

the proposed FLC and ANN had been successful in imparting 

appropriate static and dynamic performances. The precision 

and velocity with which reference signals had been received 

are the most critical factors of PQ normal performance. The 

principle reference indicators were superior using traditional 

Akagi's requirements. An FLC was modified with a big 

variety of statistics factors using ordinary compensator facts. 

As a end result, the typical compensator was changed with a 

fuzzy not unusual sense controller, or the R-L load turned into 

approximated using an unregulated rectifier the use of 

Matlab/Simulink. They confirmed that the PQ completed 

higher whilst the use of FLC's encouraged method, 

successfully doing away with all voltage and current 

harmonics. The ANN controller works in a comparable 

manner, however with far extra voltage adjustment. It was 

additionally published that because the system's precision 

stepped forward, the time it took to generate compensatory 
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signs reduced dramatically. In addition they stated that the 

community had a not on time response time when it came to 

filing suitable compensation. 

In [19], the Wavelet Packet rework (WPT) become blended 

with aid Vector Machines to automate classify power 

uncommon occasions (SVM). WPT changed into used to 

extract the points of the disturbance signs, which had been 

finally presented to the SVM for outstanding classification. 

They employed two optimization methodologies in their 

counseled categorization gadget: genetic algorithm and 

simulated annealing. In a computerised method, their 

proposed method acknowledged brilliant discriminant records 

and created wonderful SVM kernel parameters. Conventional 

parameter optimization techniques including grid seek, neural 

classifiers such as Probabilistic Neural community, or fuzzy 

ok-nearest neighbour classifiers had proved useless in contrast 

to their advocated detection method. They have got 

established that the technique they have furnished is reliable 

and continuously generates better outcomes. 

Because of its quick reaction time, excellent dependability, 

and cheaper value, PQ is a high-quality CPD for constructing 

strength. It may be utilised in strength distribution 

infrastructure to simultaneously address cutting-edge and 

voltage-related PQ problems. PQ makes use of two inverters, 

each of that is linked to a not unusual DC link by a power 

garage capacitor. Series and shunt inverters, DC capacitors, 

low ignore or immoderate forget about filters, or a series 

transformer are all essential additives of PQ [20]. Shunt 

inverters are used to accurate cutting-edge-associated 

disturbances through injecting opposing cutting-edge into the 

road, while collection inverters are used to correct voltage-

related disturbances with the aid of injecting opposing voltage 

into the line [21]. 

 

IV. PROBLEM FORMULATION PROPOSED 

APPROACH 

PQ-associated worries are a hot subject matter in recent times, 

way to their importance in electricity-operating electronics. 

Nonlinear masses, which includes adjustable pace drives 

(ASD), programmable good judgment controllers (percent), 

power-green lighting fixtures, and rectifiers, have brought 

about include voltage sag, voltage spike, voltage swell, 

harmonic distortion, voltage swings, voltage unbalance, and 

interruptions. The machine will work in a comfy way if the 

PQ is sustained; in any other case, it'll feature in an volatile 

way. As a result, maintaining PQ in a device that functions 

properly is vital. Realistic techniques are applied in a 

ramification of electrical and virtual programs, consistent with 

the findings of the literature review. In previous research, 

wise techniques were used to enhance the PQ annoyance 

compensating potential. Generator in phrases of voltage, 

would improve QPC's standard overall performance in PQ 

trouble repair. The DC link capacitor, which serves as a DC 

voltage supply for the QPC's two active electrical filters, is 

changed by using the bias voltage generator. Complete 

correction of voltage disturbances is now not viable because 

of the prolonged discharge period of the DC connection 

capacitor, and it's miles now postponed. A laptop gaining 

knowledge of strategy based totally on CFNN is proposed in 

this study, that is an improvement over cutting-edge 

demanding situations, as well as CFNN and SVPWM for 

increasing the QPC's compensating overall performance. 

 

V. PROPOSED MODEL ALGORITHM AND 

DISCRIPTION 

This section explains the proposed model system and its 

description. 

a) Space Vector Pulse Width Modulation (SVPWM) 

Space vector pulse width modulated is an elevated, integer 

arithmetic PWM approach that may want to be perfect for 

multilayer inverters. There are severa techniques for making 

use of area vector modulation in multilayer inverters. 

Traditional diode clamped multilevel inverters are modulated 

in two ways: a easy low computational house vector method 

or area resolution house vector modulation [8]. SVPWM is 

put up in such a way that there are solely two unbiased 

variables at the cease of the three-phase system. In a phasor 

diagram, neighboring coordinates are usually used to illustrate 

the three-phase device voltage due to vectors. Figure 1 depicts 

a complete of eight reference voltage switching patterns (V0 

to V7) (Vref). [22] (V1 to V6)  

From the definition of space vector, 

𝑉 =
2

3
[𝑉𝑝(𝑡) + 𝑝𝑉𝑞(𝑡)𝑝2𝑉𝑐(𝑡)](1) 

 

Figure 2. Switching vector of 2-level inverter 

 

Figure 3. Reference vector 
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Table 1: 2-level inverter voltage vector 

S. 

No. 
Sa Sb Sc Van Vbn Vcn 

1 1 0 0 Vdc Vdc Vdc 

2 1 1 0 0 0 Vdc 

3 0 1 0 Vdc Vdc Vdc 

4 0 1 1 0 0 Vdc 

5 0 0 1 Vdc Vdc 0 

6 1 0 1 0 Vdc 0 

7 1 1 1  0 0 

8 0 0 0 Vdc 0 0 

In a 2-level inverter, the energetic nation offers output line 

voltages of +Vdc or –Vdc, at the same time as the null u . S . 

A . Does now not contribute to any output line voltage. The 

ON and off states of the switches are recommended in desk 1, 

with "1" equating to the ON country and "0" similar to the 

OFF nation, respectively. 

While Vref. Falls into sector 1, it can be organized through 

V1, V2, and V0, the usage of 3 surrounding switching vectors 

as reference vectors, as shown in fig.2. Any sector's switching 

time is measured in milliseconds. 

𝑇1 =
√3.𝑇𝑠|𝑉𝑟𝑒𝑓.|

𝑉𝑑𝑐
{𝑠𝑖𝑛 𝑠𝑖𝑛 (

𝜋

3
−∝ +

𝑛−1

3
𝜋) }               (2) 

𝑇2 =
√3.𝑇𝑠|𝑉𝑟𝑒𝑓.|

𝑉𝑑𝑐
{𝑠𝑖𝑛 𝑠𝑖𝑛 (∝ −

𝑛−1

3
𝜋) }                      (3) 

     𝑇0 = 𝑇𝑠 − 𝑇1 − 𝑇2                                           (4) 

 

Figure 4. Flow chart of SVPWM implementation 

The overall presentation of inverters can be expanded by 

using lowering the quantity of toggle states. The multi-phase 

inflection approach creates a sorted switching sample having 

fewer switching states, and this is desirable for real-time 

functions due to its reduced processing complexity [23]. The 

waft chart for the low computational house vector method is 

proven in Figure 4. 

b) CFNN based SVPWM 

Parent five depicts a cascade beforehand lower back 

propagation model, that is much like feed-forward networks 

except consists of a weighted hyperlink from the effort to 

every layer. The weights are changed the usage of cascade 

ahead opposite propagation, however the community's 

principal feature is that each layer is connected to the layers 

before it. [24 determine 1 suggests the advanced CFNN-based 

totally SVPWM for a -level inverter-based TIM force. The 

CFNN is fed with V and V voltages to create the duty ratios 

(Ta, Tb, and Tc). 

 

Figure 5. Cascade Forward Neural Network based SVPWM 

Algorithm for CFNN based SVPWM:  

Step 1: Normalize form, P 2X20 provides two inputs and O 

1X20 provides one output. 

Step 2: For a fed network, provide the number of inputs. 

Step 3: Select the amount of layers you want to use. 

Create a new feed forward network using the 'tansig and 

poslin' transfer functions. 

Step 5: Use a learning rate of 0.02 to train the network. 

Step 6: Enter the epoch count. 

Step 7: Set the objective. 

Step 8: Condition the network for a certain input and output. 

Step 9: Using the command 'gensim,' generate a simulation of 

the given network. 

 

VI. RESULTS AND DISCUSSION 

To verify the simulation findings and validate the 

performances furnished by using the encouraged the use of 

our very own assets (CFNN-SVPWM). The simulation is run 

the use of the MATLAB Simulink software, and the 

observations are made beneath a range of circumstances. The 

description of the device is observed in a sure circumstance, 

which is distinctive later down. 

Case 1: Sample power system with PWM firing based 

CFNN and dynamic nonlinear load. 

We operate a quick Fourier transformation (FFT) evaluation 

of the pattern electricity machine when the SVPWM firing 

primarily based CFNN is utilised with a pattern energy device 

mannequin and a dynamic non-linear load to calculate the 

harmonic throughout every of the three bus voltages. The 

complete harmonic distortion (THD) of a dynamic nonlinear 

load is 67.59 percent. 

Table 2. Percentage of odd harmonic with PWM based CFNN 

Harmonic Frequency PWM based CFNN 

Fund 60Hz 100% 

H3 180Hz 35.89% 

H5 300Hz 21.76% 

H7 420Hz 16.81% 

H9 540Hz 13.23% 

H11 660Hz 12.85% 

H13 780Hz 10.23% 
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The percentage of odd harmonic table and bar diagram is 

shown in table 2 and the percentage of even harmonic table 

and bar diagram is shown in table 3. 

Table 3. Percentage of even harmonic with PWM based 

CFNN 

Harmonic Frequency PWM based CFNN 

H2 120Hz 51.67% 

H4 240Hz 26.51% 

H6 360Hz 19.68% 

H8 480Hz 15.41% 

H10 600Hz 13.25% 

H12 720Hz 10.02% 

Case 2: Sample power system with SVPWM firing based 

UPFC and dynamic non-linear load 

We operate a quickly fourier transformation (FFT) evaluation 

of the gadget to discover the harmonic throughout every of 

the three buses voltages when the house vector pulse width 

modulation (SVPWM) firing primarily based CFNN is 

employed in conjunction with a pattern electricity gadget 

mannequin and a dynamic non-linear load. The complete 

harmonic distortion (THD) is decreased as in contrast to 

SVPWM firing primarily based CFNN (i.e. THD is 59.32 

percent). Harmonics in the gadget can be eradicated through 

the usage of CFNN primarily based on SVPWM firing. 

Table 4. Percentage of odd harmonic with SVPWM based 

CFNN 

Harmonic Frequency SVPWM based CFNN 

Fund 60Hz 100% 

H3 180Hz 26.52% 

H5 300Hz 5.17% 

H7 420Hz 3.49% 

H9 540Hz 2.32% 

H11 660Hz 1.69% 

H13 780Hz 1.20% 

The percentage of odd and even harmonic in the system is 

shown table 5 and 6. 

Table 5. Percentage of even harmonic with SVPWM based 

CFNN 

Harmonic Frequency SVPWM based CFNN 

H2 180Hz 47.50% 

H4 240Hz 16.28% 

H6 360Hz 8.95% 

H8 480Hz 5.26% 

H10 600Hz 3.92% 

H12 7200Hz 2.82% 

H14 840Hz 2.20% 

H16 960Hz 1.01% 

 

Table 6. Comparison of odd harmonic with PWM-CFNN and 

SVPWM-CFNN 

Harmonic Frequency PWM based 

CFNN 

SVPWM based 

CFNN 

Fund 60Hz 100% 100% 

H3 180Hz 35.89% 26.52% 

H5 300Hz 21.76% 5.17% 

H7 420Hz 16.81% 3.49% 

H9 540Hz 13.23% 2.32% 

H11 660Hz 12.85% 1.69% 

H13 780Hz 10.23% 1.20% 

Table 7. Comparison of even harmonic with PWM-CFNN and 

SVPWM-CFNN 

Harmonic Frequency PWM based 

CFNN 

SVPWM based 

CFNN 

H2 180Hz 51.67% 47.50% 

H4 240Hz 26.51% 16.28% 

H6 360Hz 19.68% 8.95% 

H8 480Hz 15.41% 5.26% 

H10 600Hz 13.25% 3.92% 

H12 7200Hz 10.02% 2.82% 

H14 840Hz  2.20% 

H16 960Hz  1.01% 

 

VII. CONCLUSION 

The implementation of highest performance in terms of power 

quality and overall harmonic degradation is provided by a 

neuro-network based space-vector modulator. CFNN 

generates return times, which are then translated to pulse 

width using a simple logic circuit. In comparison to the 

normal SVPWM, the CFNN dramatically decreases the 

computational work of the modulation approach with greatly 

improves the space vector modulation design without 

sacrificing accuracy.In fact, the need of DSP can be 

eliminated, and PWM pulses can be generated using simple 

logic circuits. Comparison analysis of the inverter using space 

vector modulation vs traditional SPWM to demonstrate the 

effectiveness of the CFNN function of the space vector 

modulation. The SVPWM model's CFNN implementation not 

only speeds up the algorithm but also reduces the 

computational burden on the DSP, resulting in better inverter 

performance in terms of THD than the SPWM algorithm. 
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