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Abstract— The rapid development of industrial technology 

and the related machines now days requires a great deal of 

electricity, that in result causes a lot of electric energy 

consumption that results in increase in their electricity bills. 

This paper is designed to make a project that will reduce the 

power loss in industries by power factor compensation 

through a number of shunt capacitors. 
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I. INTRODUCTION 

This results in reduction in the amount of electrical bill for 

industries and commercial establishments. In this proposed 

system, two zero crossing detectors are used for detecting 

the zero crossing of voltage and current. The Time lag 

between the zero voltage pulse and zero current pulse duly 

generated by suitable operational amplifier circuits in 

comparator mode are fed to two interrupt pins of the 

microcontroller. It displays time lag between the current and 

voltage on an LCD. The program takes over to actuate 

appropriate number of relays from its output to bring shunt 

capacitors into load circuit to get power factor till it reaches 

near unity. A capacitor bank and relays are interfaced to the 

microcontroller using a relay driver. Microcontroller used in 

this project belongs to 8051 family. 

II. INTRODUCTION TO EMBEDDED SYSTEM 

An Embedded System is a combination of computer 

hardware and software, and perhaps additional mechanical 

or other parts, designed to perform a specific function. An 

embedded system is a microcontroller-based, software 

driven, reliable, real-time control system, autonomous, or 

human or network interactive, operating on diverse physical 

variables in diverse environments and then sold into 

competitive and cost in conscious market. 

An embedded system is not a computer system that 

is used primarily for processing, and also not a software 

system on PC, not a traditional business or scientific 

application. there are two types of embedded systems. High-

end embedded & lower end embedded systems. High-end 

embedded system - Generally 32, 64 Bit Controllers used 

with OS. Examples Personal Digital Assistant and Mobile 

phones etc. Lower end embedded systems - Generally 8, 16 

Bit microcontrollers used with an minimal operating 

systems and hardware layout designed for the specific 

purpose. Figure 1 shows embedded system design. 

 
Fig. 1: embedded system design 

III. HARDWARE DESIGN OF THE SYSTEM 

 
Fig. 2: block diagram 

A. Hardware Requirements 

1) Transformer (230 – 12 v ac) 

2) Voltage regulator   

3) Rectifiers 

4) Filter 

5) Microcontroller (at89s52/at89c51) 

6) Relay 

7) Relay driver 

8) Push buttons 

9) LCD 

10) Lm339 

11) Current transformers 

12) Inductive loads 

13) Shunt capacitor 

14) Led 

15) 1n4007 / 1n4148 

16) Resistors  

17) Capacitor 

B. Control Unit 

The AT89S52 is a low-power, high-performance CMOS 8-

bit microcontroller with 8K bytes of in-system 

programmable Flash memory. The device is manufactured 

using Atmel’s high-density nonvolatile memory technology 

and is compatible with the industry standard 80C51 

instruction set and pin out. The on-chip Flash allows the 

program memory to be reprogrammed in-system or by a 

conventional nonvolatile memory programmer. By 

combining a versatile 8-bit CPU with in-system 

programmable Flash on a monolithic chip, the Atmel 

AT89S52 is a powerful microcontroller which provides a 

highly-flexible and cost-effective solution to many 

embedded control applications. The AT89S52 provides the 

following standard features: 8K bytes of Flash, 256 bytes of 

RAM, 32 I/O lines, Watchdog timer, two data pointers, three 

16-bit timer/counters, a six-vector two-level interrupt 



Power Factor Compensation (Reducing Electricity Bill) 

 (IJSRD/Vol. 3/Issue 12/2016/220) 

 

 All rights reserved by www.ijsrd.com 846 

architecture, a full duplex serial port, on-chip oscillator, and 

clock circuitry. In addition, the AT89S52 is designed with 

static logic for operation down to zero frequency and 

supports two software selectable power saving modes.  

C. LCD Module 

Frequently, an 8051 program must interact with the outside 

world using input and output devices that communicate 

directly with a human being. One of the most common 

devices attached to an 8051 is an LCD display. Some of the 

most common LCDs connected to the 8051 are 16x2 and 

20x2 displays. This means 16 characters per line by 2 lines 

and 20 characters per line by 2 lines, respectively. 

Fortunately, a very popular standard exists which allows us 

to communicate with the vast majority of LCDs, Regardless 

of their manufacturer. The standard is referred to as 

HD44780U, which refers to the controller chip which 

receives data from an external source (in this case, the 8051) 

and communicates directly with the LCD. 

D. Circuit Explanation 

This circuit consists of DC power supply unit, zero voltage 

crossing detectors, Micro-controller, LCD display, Relays 

and Capacitor bank and Load circuit. Let us see how it 

operates. The required DC power supply for Micro-

controller and other peripherals is supplied by the DC power 

supply.  

For the calculation of the power factor by the 

Micro-controller we need digitized voltage and current 

signals. The voltage signal from the mains is taken and it is 

converted into pulsating DC by bridge rectifier and is given 

to a comparator which generates the digital voltage signal. 

Similarly the current signal is converted into the voltage 

signal by taking the voltage drop of the load current across a 

resistor of 10 ohms. This A.C signal is again converted into 

the digital signal as done for the voltage signal. Then these 

digitized voltage and current signals are sent to the micro-

controller. The micro-controller calculates the time 

difference between the zero crossing points of current and 

voltage, which is directly proportional to the power factor 

and it determines the range in which the power factor is. 

Micro-controller sends information regarding time 

difference between current and voltage and power factor to 

the LCD display to display them, Depending on the range it 

sends the signals to the relays through the relay driver. Then 

the required numbers of capacitors are connected in parallel 

to the load. By this the power factor will be improved and 

saving in power is displayed on the 16x2 LCD. 

The example for the overall circuit is shown in the 

below figure fig.3. 

 
Fig. 3: basic diagram of  the whole circuit 

IV. SOFTWARE DESIGN OF SYSTEM 

A. Introduction To Keil Micro Vision (IDE) 

Keil an ARM Company makes C compilers, macro 

assemblers, real-time kernels, debuggers, simulators, 

integrated environments, evaluation boards, and emulators 

for ARM7/ARM9/Cortex-M3, XC16x/C16x/ST10, 251, and 

8051 MCU families. Keil development tools for the 8051 

Microcontroller Architecture support every level of software 

developer from the professional applications engineer to the 

student just learning about embedded software development. 

When starting a new project, simply select the 

microcontroller you use from the Device Database and the 

µVision IDE sets all compiler, assembler, linker, and 

memory options for you. Keil is a cross compiler. So first 

we have to understand the concept of compilers and cross 

compilers. After then we shall learn how to work with Keil. 
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Fig. 4: flow chat of software design 

V. DISCRIPTION 

A. Power Supply 

The circuit uses standard power supply comprising of a step-

down transformer from 230Vto 12V and 4 diodes forming a 

bridge rectifier that delivers pulsating dc which is then 

filtered by an electrolytic capacitor of about 470µF to 

1000µF. The filtered dc being unregulated, IC LM7805 is 

used to get 5V DC constant at its pin no 3 irrespective of 

input DC varying from 7V to 15V. The input dc shall be 

varying in the event of input ac at 230volts section varies 

from 160V to 270V in the ratio of the transformer primary 

voltage V1 to secondary voltage V2 governed by the 

formula V1/V2=N1/N2. As N1/N2 i.e. no. of turns in the 

primary to the no. of turns in the secondary remains 

unchanged V2 is directly proportional to V1.Thus if the 

transformer delivers 12V at 220V input it will give 8.72V at 

160V.Similarly at 270V it will give 14.72V.Thus the dc 

voltage at the input of the regulator changes from about 8V 

to 15V because of A.C voltage variation from 160V to 270V 

the regulator output will remain constant at 5V.  

The regulated 5V DC is further filtered by a small 

electrolytic capacitor of 10µF for any noise so generated by 

the circuit. One LED is connected of this 5V point in series 

with a current limiting resistor of 330Ω to the ground i.e., 

negative voltage to indicate 5V power supply availability. 

The unregulated 12V point is used for other applications as 

and when required. 

B. Standard Connections To 8051 Series Micro Controller 

ATMEL series of 8051 family of micro controllers need 

certain standard connections. The actual number of the 

Microcontroller could be “89C51”   , “89C52”, “89S51”, 

“89S52”, and as regards to 20 pin configuration a number of 

“89C2051”. The 4 set of I/O ports are used based on the 

project requirement. Every microcontroller requires a timing 

reference for its internal program execution therefore an 

oscillator needs to be functional with a desired frequency to 

obtain the timing reference a (1.2)     t =1/f. 

A crystal ranging from 2 to 20 MHz is required to 

be used at its pin number 18 and 19 for the internal 

oscillator. It may be noted here the crystal is not to be 

understood as crystal oscillator It is just a crystal, while 

connected to the appropriate pin of the microcontroller it 

results in   oscillator function inside the microcontroller. 

Typically 11.0592 MHz crystal is used   in general for most 

of the circuits using 8051 series microcontroller. Two small 

value ceramic capacitors of 33pF each is used as a standard 

connection for the crystal as shown in the circuit diagram. 

C. Reset 

Pin no 9 is provided with a reset arrangement by a 

combination of an electrolytic capacitor and a register 

forming RC time constant. At the time of switch on, the 

capacitor gets charged, and it behaves as a full short circuit 

from the positive to the pin number 9. After the capacitor 

gets fully charged the current stops flowing and pin number 

9 goes low which is pulled down by a 10k resistor to the 

ground. This arrangement of reset at pin 9 going high 

initially and then to logic 0 i.e., low helps the program 

execution to start from the beginning. In absence of this the 

program execution could have taken place arbitrarily 

anywhere from the program cycle. A pushbutton switch is 

connected across the capacitor so that at any given time as 

desired it can be pressed such that it discharges the capacitor 

and while released the capacitor starts charging again and 

then pin number 9 goes to high and then back to low, to 

enable the program execution from the beginning. This 

operation of high to low of the reset pin takes place in 

fraction of a second as decided by the time constant R and. 

For example A 10µF capacitor and a 10kΩ resistor would 

render a 100ms time to pin number 9 from logic high to low, 

there after the pin number 9 remains low. 

D. External Access (EA) 

Pin no 31 of 40 pin 8051 microcontroller termed as EA¯ is 

required to be connected to 5V for accessing the program 

form the on-chip program memory. If it is connected to 

ground then the controller accesses the program from 

external memory. However as we are using the internal 

memory it is always connected to +5V. 

E. Brief Description Of Working Of Relay 

A relay is an electrically operated switch. Current flowing 

through the coil of the relay creates a magnetic field which 

attracts a lever and changes the switch contacts. The coil 

current can be on or off so relays have two switch positions 

and most have double throw (changeover) switch contacts. 

Relays allow one circuit to switch a second circuit which 

can be completely separate from the first. For example a low 

voltage battery circuit can use a relay to switch a 230V AC 

mains circuit. There is no electrical connection inside the 

relay between the two circuits; the link is magnetic and 

mechanical. 
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Fig. 5: Block diagram off  relays 

F. ULN 2003 Relay Driver IC 

ULN2003 is an IC which is used to interface relay with the 

microcontroller since the output of the micro controller is 

maximum 5V with too little current delivery and is not 

practicable to operate a relay with that voltage. ULN2003 is 

a relay driver IC consisting of a set of Darlington transistors. 

If logic high is given to the IC as input then its output will 

be logic low but not the vice versa. Here in ULN2003 pin 1 

to 7 is IC inputs and 10 to 16 are IC outputs. If logic 1 is 

given to its pin no 1 the corresponding pin 16 goes low. If a 

relay coil is connected from +ve to the output pin of the 

uln2003,(the relay driver) then the relay contacts change 

their position from normally open to close the circuit as 

shown below for the load on (say a lamp to start glowing). If  

logic 0 is given at the input the relay switches off. Similarly 

upto seven relays can be used for seven different loads to be 

switched on by the normally open(NO) contact or switched 

off by the normally closed contact(NC). 

 
Fig. 6: Load OFF 

 
Fig. 7: Load ON 

G. Comparator 

Potential dividers are connected to the inverting and non-

inverting inputs of the op-amp to give some voltage at these 

terminals. Supply voltage is given to +Vss and –Vss is 

connected to ground. The output of this comparator will be 

logic high (i.e., supply voltage) if the non-inverting terminal 

input is greater than the inverting terminal input of the 

comparator i.e., Non inverting input (+) > inverting input (-) 

= output is logic high If the inverting terminal input is 

greater than the non-inverting terminal input then the output 

of the comparator will be logic low (i.e., gnd) i.e., inverting 

input (-) > Non inverting input (+) = output is logic low. 

 
Fig. 8: Comparator 

H. Connections 

The output of power supply which is 5v is connected to the 

40th pin of microcontroller and gnd to the 20th pin or pin 20 

of microcontroller. Port 0.1 to 0.4 of microcontroller is 

connected to Pin 1to 4 of relay driver IC ULN2003. Port 0.5 

to 0.7 of microcontroller is connected to Pin 4,5 and 6 of 

LCD display. Port 2.0 to 2.7 of microcontroller is connected 

to Pin 7 to 14 of data pins of LCD display. Port 3.1 of 

microcontroller is connected to output of the OP-Amp (A) 

LM339. Port 3.3 of microcontroller is connected to output of 

OP-Amp (B) LM339. 

I. Working 

The output of the regulator 7805 is given to the 

Microcontroller 40th pin. The pulsating dc is fed to R11 and 

R24 Resistor’s. The unregulated voltage is fed to 7812. 7805 

output which is 5v is fed to 40th pin of Microcontroller. The 

output of the 7812 regulator is 12v and is fed to op-Amp. In 

this circuit we have another bridge rectifier it gives an 

output as pulsating dc corresponding to the current flowing 

across the load. The LCD display is connected to 

corresponding pins. Relay driver drive’s relay’s and the 

contacts of relays switch ON the shunt capacitors. 

VI. HARDWARE TESTING 

A. Continuity Test 

In electronics, a continuity test is the checking of an electric 

circuit to see if current flows (that it is in fact a complete 

circuit). A continuity test is performed by placing a small 

voltage (wired in series with an LED or noise-producing 

component such as a piezoelectric speaker) across the 

chosen path. If electron flow is inhibited by broken 

conductors, damaged components, or excessive resistance, 

the circuit is "open”. Devices that can be used to perform 

continuity tests include multi meters which measure current 

and specialized continuity testers which are cheaper, more 

basic devices, generally with a simple light bulb that lights 

up when current flows. 

An important application is the continuity test of a 

bundle of wires so as to find the two ends belonging to a 

particular one of these wires; there will be a negligible 
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resistance between the "right" ends, and only between the 

"right" ends. 

This test is the performed just after the hardware 

soldering and configuration has been completed. This test 

aims at finding any electrical open paths in the circuit after 

the soldering. Many a times, the electrical continuity in the 

circuit is lost due to improper soldering, wrong and rough 

handling of the PCB, improper usage of the soldering iron, 

component failures and presence of bugs in the circuit 

diagram. We use a multi meter to perform this test. We keep 

the multi meter in buzzer mode and connect the ground 

terminal of the multi meter to the ground. We connect both 

the terminals across the path that needs to be checked. If 

there is continuation then you will hear the beep sound. 

B. Power On Test 

This test is performed to check whether the voltage at 

different terminals is according to the requirement or not. 

We take a multi meter and put it in voltage mode. 

Remember that this test is performed without 

microcontroller. Firstly, we check the output of the 

transformer, whether we get the required 12 v AC voltage. 

Then we apply this voltage to the power supply circuit. Note 

that we do this test without microcontroller because if there 

is any excessive voltage, this may lead to damaging the 

controller. We check for the input to the voltage regulator 

i.e., are we getting an input of 12v and an output of 5v. This 

5v output is given to the microcontrollers’ 40th pin. Hence 

we check for the voltage level at 40th pin. Similarly, we 

check for the other terminals for the required voltage. In this 

way we can assure that the voltage at all the terminals is as 

per the requirement. 

VII. RESULT 

The project is designed for lagging current compensation 

and for that an inductor is used so, that the inductor can 

produce some amount of load on the capacitors that are 

connected to the inductors in parallel. PT (Potential 

Transformer) and CT (current Transformer) is connected to 

the circuit board. 

Current Transformers (CT) and Potential 

Transformers (PT) are used to measure the current and 

voltage in a circuit of the order of hundreds of amperes and 

volts respectively. A CT has large number of turns on its 

secondary winding, but very few turns on its primary 

winding. The primary winding is connected in series with 

the load so that it carries full load current. A PT has large 

number of turns in the primary and fewer turns in the 

secondary and hence it steps down the voltage. 

8051 series Micro-controller is used, in accordance 

with the LCD display that will display the amount of 

electricity saved in % (percentage) format.  4 capacitors are 

used that are connected in parallel to the inductive load. A 

capacitor is a bit like a battery, but it has a different job to 

do. A battery uses chemicals to store electrical energy and 

release it very slowly through a circuit. Sometimes (in the 

case of a quartz watch) it can take several years. A capacitor 

generally releases its energy much more rapidly of ten in 

seconds or less. We have four relays in accordance to the 4 

capacitors, which turns on when the capacitor in front of it 

gets active. 

The more relays are active the more power can be 

saved. This happens when the inductive load is increased for 

some reason, the losses will increase and accordingly the 

capacitors will go on switching by the relays as per the 

program.an image of the real life system is shown below. 

 
Fig. 9: Setup of whole system 
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