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Abstract— Automatic power factor compensation is widely 

employed in industry to improve system performance and 

avoid penalty imposed by utility in case of poor power 

factor.  Since relay based capacitor bank switching adds to 

THD, we present a design and performance of triac based 

capacitor bank switching using on arduino microcontroller. 

The performance of system is evaluated for different load 

conditions. 
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I. INTRODUCTION 

A. Concept of Power Factor 

Working power consumes watts and is measured in 

kilowatts (kW). Reactive power doesn’t perform useful 

“work,” but is required for proper functioning of system. 

Reactive power is measured in kilovolt-amperes-reactive 

(kVAR). Working power and reactive power together make 

up apparent power. Apparent power is measured in kilovolt-

amperes (kVA). 

Thus the magnitude of reactive power consumed in 

load is given as cosine of angle between apparent power and 

true power.  

Power factor = cos(ø) 

 
Fig. 1: Power triangle 

II. LITERATURE SURVEY 

Our aim is to design a system that would allow for PFC in 

single phase system and also in three phase system with 

little or no modification. As such the capacitor bank method 

seems viable option. In this regard, there is works done in 

“Implementation of Static VAR Compensator (SVC) For 

Power Factor Improvement”, by Mr. A. P. Patil. Here the 

author has presented performance evaluation of Thyristor 

switched SVC using PIC microcontroller for generating 

triggering pulses for SCR. Here use of SVC in APFC helps 

mitigate some important electrical factors. [1] In another 

paper by S.B. Jamge on “Automatic Power Factor 

Controller using PSoC3”, the author describes the design 

and development of a three-phase power factor correction 

using PSoC (Programmable System on Chip) micro-

controlling chip. The proposal is to measure the angle 

between the voltage of Y and B phase and current of R 

phase, which gives value of sin(ø) relation. Also from the 

voltage of YB phase and current of R phase reactive and 

active power in KVAR and KWA of the system are 

calculated. From these parameters current power factor 

found. [2] 

Thus microcontroller based automatic power factor 

compensation using capacitor bank switching seems a viable 

option. However the method employed in capacitor bank 

switching is critical. Some easy to use methods like relay 

based switching adds to THD and hence is to be avoided. 

Further in using Triac/Thyristor issues like inrush current of 

capacitor while is required to be handled. With number of 

electrical issues to be handled on one side use of an easy to 

program and debug microcontroller is preferable on another 

side. Hence we decided to go with Arduino platform and 

Triac based capacitor bank switching. Further phase 

measurement between voltage and current is simplified 

using Opamp and EXOR gate based circuit. 

III. METHODOLOGY 

Our design is based on Arduino microcontroller platform 

since it is easy to program and debug. Arduino is open 

source general purpose prototyping platform based on AVR 

8 bit microcontroller series. 

Voltage and current from power line is stepped 

down to low power level using PT and CT. Then zero 

crossing of both signals is found using Opamp based ZCD 

circuit. using digital EXOR gate pulse is generated 

corresponding phase difference between two ZCD signals. 

From this data power factor can be estimated.  

This value is then used to find the required size of 

capacitor to be switched in power line to bring power factor 

back to unity. Programming of Arduino is done to find pulse 

width, power factor and required capacitor size. Further 

Arduino is programmed to switch capacitor bank using 

Traic. Isolation between Arduino pins and Triac is 

maintained using opto-isolator. Improvement in power 

factor is monitored on continuous basis to see if 

compensation is implemented and to what extent. If further 

requirement is seen then again it is implemented.  The 

process flow is displayed on LCD for user information. 

Figure shows the simplified block level arrangement of 

system. 

 
Fig. 2: block diagram of system 
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IV. HARDWARE DESIGN 

The simulation of system was done in proteus VSM. Figure 

shows the setup brought up in proteus. Figure shows the 

output of ZCD and pulse generator. 

 
Fig. 3: Proteus VSM simulation for system 

 
Fig. 4: Phase difference measurement using pulse 

Detailed arrangement of triac circuit is illustrated in 

figure. 

 
Fig. 5: Traic driver circuit using Arduino 

Here system is divided into following major 

components. 

A. Zero crossing detection of voltage and current signal: 

The power signal voltage is stepped down to lower level 

using 6-0-6 step down transformer and then is applied to 

LM324 based ZCD circuit. Further reduction in level is 

achieved using a 10K preset. The ZCD circuit then gives 

zero crossings for voltage signal. For power line current we 

use non-invasive current transformer to step down it to 

lower level. This signal is then applied to ZCD to get its 

zero crossing. From these to ZCD outputs we know the 

phase difference between voltage and current signals using 

single XOR gate. 

B. Pulse generation corresponding to phase difference 

between voltage and current: 

The two ZCD outputs are then applied to EXOR logic gate 

to get a pulse corresponding to phase difference between 

voltage and current signal.  

C. Arduino Based Decision Making: 

The arduino microcontroller forms the main decision maker 

here. Its functions can be divided into following component 

parts. 

D. Phase Difference Measurement: 

The pulse output from EXOR gate is applied to Arduino. 

The Arduino then measures the width of pulse. The pulse 

width corresponds to phase difference measurement. Thus 

by measuring pulse width we have effectively measured 

phase difference between voltage and current signal.  

E. Power Factor Measurement: 

From the value of measured pulse width the Arduino now 

finds out the power factor. 

F. Capacitor Calculation: 

From power factor it finds out required value of capacitor to 

bring power factor back to unity. For this we use following 

formula. 

C=KVAR / (2xpixfxVrmsxVrms) 

G. Capacitor Switching: 

Arduino then adding required capacitor value across the 

load using triac based switching scheme.  

It generates the required gate drive for triac to switch it ON. 

H. Triac Based Capacitor Bank: 

The capacitor bank used in our project is triac based. When 

any of the triac is switched ON the corresponding capacitor 

is added in line. 

V. SOFTWARE DESIGN 

Arduino is programmed to find pulse with and hence power 

factor. This value is then used to find required capacitor in 

ufarads. Further the required amount capacitor is switched in 

line using triac based switching. The process flow is 

displayed on lcd at desirable steps. 

A. Process Flow: 

 
Fig. 6: Algorithm 

1) Start 

2) Check if pulse available 

3) If yes then measure pulse width 

4) Calculate power factor 

5) Calculate required capacitance value 

6) Add capacitance in line using relay circuit 

7) Display status on LCD 
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8) Check PF and bring about correction by same 

procedure as from steps 2 to 7 

VI. RESULTS AND DISCUSSION 

Complete system is shown in figure. The system was tested 

with one inductive load in series with 100+100 watt 

resistive load. There is facility for adding/removing 

inductive load from circuit as desired. 

 
Fig. 7: Actual setup 

When the load is purely resistive the system detects 

so and also the corresponding PF of 0.99 is displayed on lcd. 

The in-phase waveforms of V and I can be seen on 

oscilloscope. 

 
Fig. 8: Purely resistive load 

 
Fig. 9: V and I waveforms when load is purely resistive 

When the load is made inductive by adding an 

inductance is series with resistance, the net load is inductive 

and the corresponding lag created between V and I can be 

clearly seen on oscilloscope. The system detects this 

condition and corresponding PF is displayed on lcd. 

 
Fig. 10: V and I waveforms when load is inductive 

 
Fig. 1: Lagging PF detected by system 

 
Fig. 2: PF correction by system 

The system reliably detects leading and lagging PF 

conduction and switches capacitor from bank to correct it. 

Following is the table to illustrate calculated PF 

and detected PF by system for various load conditions. The 

calculated values are based on measured current in line 

using clamp meter.  

A. Formulas used for calculation: 

Input power to the load 

S=Vrms x Irms x cos(ø) 

Required KVAR = S x (tan(theta1) - tan(theta2) ) 

Required uFarads = C=KVAR / (2xpixfxVrmsxVrms) 

load calculated detected Correction 

100 Watt 

Resistive  load 

0.99 0.99 0.00 

Inductive+100 

Watt Resistive  

load 

0.84 0.84 0.98 

Inductive+200 

Watt Resistive  

load 

0.70 0.70 0.97 

Table 1: Load 

VII. CONCLUSION 

With use of Arduino microcontroller platform the system is 

made easy to debug. Further use of triac switched capacitor 

bank assures comparatively low added THD against relay 

based switching. Isolation using opto-isolator assures 

protection of Arduino pins from power line and also missed 

triggering of triac. The system works reliably detecting 

lag/lead conditions and adding/removing capacitor in line. 

Also it is programmed so that condition of over correction 

and critical correction does not sustain for long time.            
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