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 In this paper, the Neural Network controlled optimized switched capacitor is used to 
correct power factor under balanced and unbalanced loads. To efficiently operate the 

system, Particle Swarm optimization Algorithm (PSO) has been applied to the training 

of artificial neural networks and for finite element updating. The Neural Network 
controller is trained by using Back propagation Algorithms and data‟s collected from 

PSO.  In this simulation work compared performance of Neural Network controlled 

switches capacitor with PSO and without PSO Algorithm of undergone. The results are 
analyzed and found that Non Linear Load condition the power factor of an Inductive 

circuit has improved in very short duration by using PSO Algorithm.. The proposed 

system can be used in application such as for improving performances of an induction 
machine. The proposed circuit has been simulated using MATLAB-SIMULINK 

environment. 
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INTRODUCTION 

 

 The power factor control is one of the main directions in power electronics research. Power factor is the 

ratio between the KW and the KVA drawn by an electrical load where the KW is the actual load power and the 

KVA is the apparent load power. It is a measure of how effectively the current is being converted into useful 

work output and more particularly is a good indicator of the effect of the load current on the efficiency of the 

supply system. All current will cause losses in the supply and distribution system. A load with a power factor of 

1.0 results in the most efficient loading of the supply and a load with a power factor of 0.5 will result in much 

higher losses in the supply system. A poor power factor can be the result of either a significant phase difference 

between the voltage and current at the load terminals, or it can be due to a high harmonic content or 

distorted/discontinuous current waveform. Poor load current phase angle is generally the result of an inductive 

load such as an induction motor, power transformer, lighting ballasts, welder or induction furnace. A distorted 

current waveform can be the result of a rectifier, variable speed drive, switched mode power supply, discharge 

lighting or other electronic load.  A poor power factor due to an inductive load can be improved by the addition 

of power factor correction. This paper advances a neural network control strategy of the phase angle between 

the voltage and the current of a RL load using the system introduced in (Salman, M., 1996). Particle Swarm 

optimization Algorithm (PSO) has been applied to the training of artificial neural networks and for finite 

element updating. This control method is easy to adapt for performance control of an induction machine.  

    

Switched Capacitor Principles: 

 Switched capacitor (SC) networks offer considerable flexibility in varying the transfer function between 

input and output. Switched capacitor techniques are currently applied in implementing filters in silicon 

integrated circuits (Ananda, P.V., 1995). Before detailing the operation of switched-capacitor circuits, it will be 

useful to understand the motivation behind, and applications of, these circuits. Basically, switched-capacitor 

techniques have been developed in order to allow for the integration on a single silicon chip of both digital and 

analog functions. The time constants of the switched-capacitor circuit superior in their control, and are tunable 

through the simple expedient of changing the frequency of the clock pulses that drive the circuit. To understand 

http://en.wikipedia.org/wiki/Artificial_neural_networks
http://en.wikipedia.org/wiki/Finite_element_updating
http://en.wikipedia.org/wiki/Finite_element_updating
http://en.wikipedia.org/wiki/Finite_element_updating
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how a switched capacitor circuits work, consider the circuit (Figure 1) shown with a capacitor connected to two 

switches and two different voltages.   

 
 

Fig. 1: Switched capacitor. 

 

 If S2 closes with S1 open, then S1 closes with switch S2 open, a charge (q is transferred from v2 to v1 with     

        ∆q = C1 (v2 – v1)                                               (1) 

 If this switching process is repeated N times in a time (t), the amount of charge transferred per unit time is 

given by 
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 Recognizing that the left hand side represents a charge per unit time, or current, and the number of cycles 

per unit time is the switching frequency (or clock frequency, fCLK) we can rewrite the equation as 

i = C1 (v2 – v1) fCLK                                           (3) 

 Rearranging we get 
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 This states that the switched capacitor is equivalent to a resistor. The value of this resistor decreases with 

increasing switching frequency or increasing capacitance, as either will increase the amount of charge 

transferred from v2 to v1 in a given time. Although switched-capacitors were developed in order to meet the need 

to incorporate analog, active filters on silicon along with digital functions, they have since found many other 

uses. These include, besides filters, instrumentation amplifiers, voltage-to-frequency converters, data converters, 

programmable capacitor arrays, balanced modulators, peak detectors, and oscillators. In this thesis the switched 

capacitor is used control the phase shift in inductive circuits. 

 

Switched capacitor in an inductive circuit: 

 The switched capacitor cell (Figure 2) is used to enable the control of phase shift in an RL load supplied by 

a low frequency source. Here the switching cell is connected in series with an inductance, a resistance and a 

sinusoidal supply. In such a case the impedance seen by the capacitor is not negligible. The operation of the 

switch pairs is complementary and supports a pulse width modulated regime where the duty factor of the 

dominant pair, say S1, is restricted to vary between 0.5 and unity. The circuit has two operational states over a 

switching period. During the time interval t1, switch pair S1 is closed and the circuit behavior is given by 

equation 5 and shown in Figure 3. 

 
 

Fig. 2: Switched capacitor in RL circuit. 

 

V = Ri + L di/dt + VC 

VC= 1/C ∫ i dt                                             (5) 

 During period t2, switch pair S2 is closed and the circuit behavior is given by equation 6 and shown in 

Figure.3. The switching period T is the sum of t 1 + t2: 

V = Ri + L di/dt - Vc 

Vc = -1/C ∫i dt                                            (6) 
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Fig. 3: Circuit for period t1. 

                                      
 

Fig. 4: Circuit for period t2. 

 

V = Ri + L di/dt +(2d-1) Vc                                                   (7) 

Vc = (2d-1) / C ∫ i  dt                                                               (8) 

 Where d = t1/T is the duty factor. 

The substitution of equation 8 into equation 7 gives 

V = Ri + L di/dt + (2d-1)2 /C ∫ i dt                                           (9) 

 where V, i, Vc are the averaged values of the input voltage, circuit current and voltage across the capacitor; 

with a constant duty factor d. The value of each quantity averaged over a switching period can be represented by 

a  sinusoidal function. In the case where the input voltage V is Vm sinωt, the desired current i is given by 

     i= Vm / R cos (Φ) sin (ωt-Φ)                                                  (10) 

where Φ is the desired phase shift. Introducing these values into equation 5, a relationship between duty factor 

and phase shift is derived as follows (Ananda, P.V., 1995; Nielsen, P., 1993). 
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 The circuit phase shift between the lagging angle of the RL circuit and the leading angle of the RLC can be 

controlled by varying the duty factor d, providing that ωL is smaller than1/ωC.   

 

Neural Network: 

NN Architecture: 

 Since the relation between the capacitor across voltage and phase angle parameters, attained back 

propagation network is considered most appropriate for this application. When setting the NN architecture, 

some basic rules were followed. The numbers of neurons in the input and output layers are equal to the amount 

of inputs and outputs of the system respectively. Further, the number of hidden layer neurons is a variable and 

depends on the required training accuracy. The structure of the NN model used in this study is shown in Figure. 

5. It is a feed-forward network having one input layer, two hidden layers and one output layer. The input layer 

has two neurons, due to the two input signals to the network. The output layer consisting of only one neuron 

generates phase angle. The transfer functions for the neurons in both input and output layers are all simple linear 

functions. These are determined by using a back propagation training algorithm and selecting the best results. 

As illustrated in Figure. 5, each neuron of the first layer has a summer that gathers the weighted outputs of the 

two input neurons and a bias.  Hence the NN model is defined as one-two-one network. The output of each 

neuron is connected to all the neurons in the forward layer through a weight, and a bias signal is coupled to all 

of the neurons in the hidden and output layers. 

 

NN training: 

 Once its struture is defined the NN must be trained to determine the weights and biases in the network. The 

concept applied here resembles that of the system identification where the objective is to find an appropriate 

transfer function that map from measured output to input. For proper training of the NN, two conditions must be 

met; a set of input/output data representing as wide as possible the operating conditions of the induction motor 

drive system to be modeled and a numerical algorithm capable of giving accurate and efficient network. 
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  A back-propagation training algorithm is used to train the NN. By setting the initial set of weights and 

biases in the defined NN, this method estimates the output signals using the given inputs and compares the 

estimated result with the target outputs. 

 

 
 

Fig. 5: Feed forward neural network. 

 

 This is performed by calculating the mean square error and the weights and biases are then adjusted to 

minimize the error. The well known steepest descent algorithm is often used to ensure a rapid search of the set 

of parameters giving the minimum error.  

Back propagation training takes place in three stages (Kosko, B., l993) as:  

a) Feed forward the input training pattern 

b) Back propagation of the associated error 

c) Weight adjustment 

 

 Training algorithms:   

 Step1: Phase angle as an input through the  input layer. 

 Step2: Hidden layer choice for “Two“.  

 Step3: Output layer has an one neuron, output as a duty factor to control the  switched capacitor.  

 Step4: Weights are initially given to the controller for 0.5 and base value for to  take 0.5 initially. 

 

Particle Swarm  Optimization (Pso): 

 Particle Swarm optimization Algorithm (PSO) has been applied to the training of artificial neural networks 

and for finite element updating (Marwala, T., 2005). 

 

PSO Algorithm: 

Step 1:  Initialize the fitness value of duty  ratio, for each particle between the  range  of (0<d<1) phase angle  

range for initialize 0. 

Step 2:  r1, r2 are two random vectors with each component generally a uniform random number between 0 to 1. 

Step 3:  Optimizing "confidence coefficients" is therefore approximately in the ratio scale of C1=0.7 and 

Cmax=1. 43 

Step 4:  Update the particle positions. 

Step 5: Update the particle velocities (v), with initial values of Vmax=+ 0. 002, Vmin= - 0.002. 

Step 6: Update the global best, not exceeding (0<d<1) the range.  

 

Simulated Results: 

 Neural network controlled optimized switched capacitor connected to the inductive circuit. R = 9.6Ω,     L = 

0.0055H, C = 10µF, AC source voltage = 26V, ω = 314 rad/s are the initial parameters. Insulated Gate Bipolar 

Transistor (IGBT) is used as switch in this circuit. The IGBT is triggered by using gate pulses from the pulse 

generator. The pulse width is changed according to the controlled output from the neural controller. The Neural 

Network controlled optimized switched capacitor is used to correct power factor under balanced and unbalanced 

loads. To efficiently operate the system, Particle Swarm optimization Algorithm (PSO) has been applied to the 

training of artificial neural networks and for finite element updating. The Neural Network controller is trained 

by using Back propagation Algorithms and data‟s collected from PSO. In this simulation work compared 

performance of Neural Network controlled switched capacitor with PSO and without PSO Algorithm of 

undergone  figure 6 & 7. Power factor curve  obtained for various load condition while using the PSO algorithm 

in the controller and while without using the PSO algorithm in controller shown in figure 8 & 9. 

 

http://en.wikipedia.org/wiki/Artificial_neural_networks
http://en.wikipedia.org/wiki/Finite_element_updating
http://en.wikipedia.org/wiki/Artificial_neural_networks
http://en.wikipedia.org/wiki/Finite_element_updating
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Fig. 6: Performance Curve for Without PSO Algorithm. 

 

 
 

Fig. 7: Performance Curve for With PSO Algorithm. 

 

 
 

Fig. 8: Power Factor Obtained While Using PSO Algorithm. 

 

 

 
 

Fig. 9: Power Factor Obtained While without using PSO Algorithm. 

 

Performance comparison Result: 

 Simulation studies are carried out to predict the performance of the proposed method. The figure 8&9 

shows the power factor obtained in an inductive circuit with and without using PSO Algorthim and the system 

performances are compared in Table 1. 

 
Table 1: Comparison of optimized and non optimized parameters. 

Parameters 
Non optimized 

(with out PSO) 

Optimized 

(with PSO) 

Epochs 5925 578 

Speed of operation low High 

Power factor 0.96 0.99 
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Conclusion: 

         The optimum duty ratio values for training of the neural network are obtained from the PSO algorithm 

with more accuracy. The obtained duty ratios for different values of inductance are trained by using back 

propagation algorithm with the objective of keeping the power factor unity. It is inferred that the results 

obtained with the use of PSO algorithm gives better performance than that the results without using the PSO 

algorithm. 

 

Future Scope: 

 The performance of wound rotor induction machine can be improved by inserting a capacitor in each phase 

of the rotor to vary the rotor impedance to improve speed torque characteristics. So to overcome this problem, 

the proposed Neural network controlled optimized switched capacitor technique can be implemented in wound 

rotor induction machine for improving the overall performance of the machine. 
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