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Abstract— Theft of electricity is the criminal practice of stealing electrical power. It is a crime and is punishable by fines 

and/or incarceration. There are various types of electrical power theft; by using microcontroller some of the types of power 

theft are detected. Power factor control is a major role in the improvement of power system stability. Thus power factor 

calculation and improvement is also included in this system. The effect of power factor correction circuit is to eliminate the 

harmonics present in the system. Energy saving system includes the controlling of the switching operation of devices or 

loads using GSM technology, hence results in considerable energy saving. 

 

Key words: Microcontroller based Power Theft Detection, Energy Saving System 
 

I. INTRODUCTION 

Electricity theft is more than just a crime; it is also a safety issue. Many times those involved are tampering with energized 

electrical wires and metering equipment, resulting in dangerous situations that could cause fires and put everyone at risk. Here 

using limit switches and IR sensors meter tampering is detected and instantly through the microcontroller sends text message 

to the GSM connected.  

In the present scenario of technological revolution, it has been observed that the power is very valuable. The 

industrialization is increasing the inductive loading; the Inductive loads affect the power factor therefore power system 

efficiency reduces. There are certain organizations developing products and caring R&D work on this field to compensate or 

improve the power factor. In the present trend the designs are also moving forward the miniature architecture; this can be 

achieved in a product with programmable device. The project is designed to lower down the power loss in industries with the 

help of power factor compensation through a number of shunt capacitors. This results in reduction in amount of electrical bill 

for commercial establishment and industries.  

Power factor is defined as the ratio of the real power to the apparent power. This definition is often mathematically 

represented as KW/KVA, where the numerator is the active or real power and the denominator is the (active + reactive) or 

apparent power. Reactive power is the non-working power generated by the inductive and magnetic loads, to generate magnetic 

flux. The increase in reactive power results in increase of the apparent power, so the power factor also decreases. Having low 

power factor, the industry needs greater energy to meet its requirement, so the efficiency decreases. Microcontroller displays 

the measured values on the LCD. The program takes over to actuate correct number of relays at its output to bring shunt 

capacitors into the load circuit for getting zero power loss. The 8-bit microcontroller used in the project belongs to 8051 families. 

Working with the same microcontroller loads connected can be operated using the SIM300 used in the circuit. 

II. BLOCK DIAGRAM AND EXPLANATION 
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Fig. 1: Block diagram 

The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC architecture. Due to executing 

powerful instructions in a single clock cycle, the ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the 

system designed to optimize power consumption versus processing speed. 

 
Fig. 2: Pin diagram. 

VCC:   Supply voltage, GND:   Ground. 

A. Port A (PA7-PA0):  

Port A serves as the Analog inputs to the A/D Converter and also serves as an 8-bit bi-directional I/O port, if the A/D Converter 

is not used. Port pins can provide internal pull-up resistors (selected for each bit). The Port A output buffers have symmetrical 

drive characteristics with high sink and source capability. When pins PA0 to PA7 are used as inputs and are externally pulled 

low, they will source current if the internal pull-up resistors are activated. The Port A pins are tri-stated when a reset condition 

becomes active, even if the clock is not running. 

B. Port B (PB7-PB0):  

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B output buffers have 

symmetrical drive characteristics with both high sink and source capability. As inputs, Port B pins that are externally pulled 

low will source current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset condition becomes 

active, even if the clock stops running. 

C. Port C (PC7-PC0): 

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port C output buffers possess 

symmetrical drive characteristics with high sink and source capability. As inputs, Port C pins that are externally pulled low will 

source current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset condition becomes active, even 

if the clock is not running. When the JTAG interface is enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and 

PC2(TCK) will be activated even after a reset occurs. 

D. Port D (PD7-PD0): 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port D output buffers possess 

symmetrical drive characteristics with both high sink and source capability. As inputs, Port D pins that are externally pulled 

low will source current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset condition becomes 

active, even if the clock is not running. 

E. RESET (Reset Input):  

A low level on this pin for a longer than the minimum pulse length will generate a reset, even if the clock stops running. 

1) XTAL1: It is the Input to the inverting Oscillator amplifier and input to the internal clock operating circuit. 

2) XTAL2: It is the Output from the inverting Oscillator amplifier. 

3) AVCC: AVCC is the supply voltage pin for Port A and the A/D Converter. AVCC should be externally connected to 

VCC, even if the ADC is not used. If the ADC is used, it should be connected to VCC through a low-pass filter. 

4) AREF: This is the Analog reference pin for the A/D Converter. 

5) RELAY: A relay can be defined as an electrical switch that uses an electromagnet to move the switch from the off to 

on position instead of a person moving the switch manually. It takes a relatively small power to turn on a relay but the 

relay is a device that can control something that draws much more power. A relay switch can be divided into two parts: 
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input and output. The input section has a coil that generates magnetic field when even a small voltage from an electronic 

circuit is applied to it. This voltage is known as  the operating voltage. Frequently used relays are available in different 

configuration of operating voltages like 6V, 9V, 12V, etc. The output section consists of contactors which connect or 

disconnect mechanically. In a relay there are three contactors: normally closed (NC),normally open (NO) and common 

(COM). When there is no input, the COM is connected to NC. When the operating voltage is applied the relay coil 

gets energized and the common (COM) changes contact to normally open (NO). Different relay configurations are 

available like SPST, SPDT, DPDT, etc. which have different number of changeover contacts. With proper combination 

of contactors, the electrical circuit can be switched on and off. 

6) IR SENSOR: An infrared sensor is an electronic device that emits and/or detects infrared radiation in order to sense 

some aspect of its surroundings. Infrared sensors measure the heat of an object, as well as detect motion. 

IR Sensors work by using a specific light sensor to detect a particular light wavelength in the Infra-Red (IR) spectrum. 

By using a LED which produces light of same wavelength as what the sensor is looking for, one can look at the intensity of the 

incoming light. When an object is nearer or close to the sensor, the light from the LED bounces off the object and into the light 

sensor. This results in a large increase in the intensity, which we already know can be detected using a threshold. 

 
Fig. 3: Depiction of the operation Of an IR Sensor. 

 
Fig. 4: Obstacle to IR sensor. 

Pin Number Connection Description 

1 Output digital output (high to low) 

2 VCC connected to circuit supply 

3 GND connected to circuit ground 

Table 1: Pin Description 

F. Current Transformer (C.T.) 

The Current Transformer (C.T.), is a type of “instrument transformer” that is designed to produce an alternating current in its 

secondary winding which is directly proportional to the current being measured in its primary. In current transformer a 

resistance is connected in parallel in order to convert the current to voltage because the Microcontroller accepts only the voltage 

as its input. The output of the potential transformer is fed to the bridge rectifier for the rectification purpose and the rectified 

output from the bridge rectifier is again fed into the filter circuit in order to remove the ripples. The DC voltage is stabilized 

using Voltage stabilizers before it is fed into the Microcontroller. Now the stabilized DC Voltage is fed to the Analog ports. 

Current transformers reduce high voltage currents to a much lower value and provide an easy or convenient way of safely 

monitoring the actual electrical current flowing in an AC transmission line using an ammeter. The principle of operation of a 

current transformer is similar to that of an ordinary transformer. 
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G. Zero Crossing Detector 

Zero crossing detector is a sine-wave to square-wave converter. The reference voltage in this case is set to zero. The output 

voltage waveform shows in what direction and when an input signal crosses zero volt. If the input voltage is a low frequency 

signal, then output voltage will be less quick to shift from one saturation point to another. And if there is any noise detected in 

between the two input nodes, the output may fluctuate between positive saturation voltage and negative saturation voltage, 

Vsat. 

H. LCD (Liquid Crystal Display) 

Liquid Crystal Display screen is an electronic display module and find a wide range of applications. A 16x2 LCD display is the 

most basic module and is very commonly used in various devices and circuits. These modules are usually preferred over seven 

segments and other multi segment LEDs. The reasons being: LCDs are economical, easily programmable and do not have 

limitation of displaying special & even custom characters (unlike in seven segments), animations and so on. 

III. FLOW OF WORKING 

The feature of power theft is detected using an area wherein we will manually on a device connected in area. This will detect 

theft in feeder line. A limit switch is connected at the meter, so when somebody tries to open it, theft can be detected. This is 

the case of meter tampering. IR sensors are provided for detection of person entering in room. In case of theft GSM will send 

message to the predefined number. 

For power factor detection two transformers one voltage and another current are connected to controller using Zero 

crossing detector. These zero crossing detectors are used to measure the power factor. This measured power factor is then 

displayed on LCD. 

The GSM-AUTO is a GSM remote control switch, it can connect to the cell phone network and like a cell phone has 

its unique cell phone number. The GSM-AUTO is then activated by Sending SMS to its cell phone number; it will recognise 

an authorised telephone number 

It has independent relay switches with normally open and normally closed switch contacts, these can be programmed 

to switch on and off by Sending SMS. The relay switches can also be switched on or off by sending the GSM-AUTO a text 

message command. It reports the relay status by sending back a text message. 

IV. ADVANTAGES 

Energy is saved, Reactive power decreases, avoid poor voltage regulation, Overloading is avoided, Transmission loss decreases, 

Copper loss decreases, Improved voltage control, Efficiency of supply system and apparatus increases, Increased load carrying 

strength in existing circuits, Reduced demand charges, Reduced power system losses. 

V. FUTURE SCOPE 

The automatic power factor correction using capacitive load banks is very efficient as it reduces the cost by decreasing the 

power usage from the supply. As it operates automatically, manpower is not required and this Automated Power Factor 

Correction technique using capacitive load banks can be used for the industries purpose in the future. In future PWM techniques 

can be employed in this scheme. Along with power factor correction also speed control can be done in future. In future, Work 

can be done for harmonics reduction. In Future GSM remote switch can be used as a reference or as a base for realizing a 

scheme or concept to be implemented in other projects of greater level such as temperature updates, device synchronization, 

weather forecasting, etc. project can also modify to achieve a complete home automation, which will then create a facility for 

the user to interface between himself and his household.  

VI. CONCLUSION 

It is concluded that power factor correction methods can be applied to the industries, power houses and also households to make 

them steady and due to this the system becomes stable and also the efficiency of the system as well as the components increases. 

The use of microcontroller automatically reduces the costs. Due to use of at mega microcontroller multiple parameters can be 

controlled and the use of additional hardware such as timer, ROM, RAM and input output ports reduces. Care should always 

be taken for overcorrection otherwise the voltage and current becomes large due to which the machine or power system becomes 

unstable and the life of capacitor banks/supercapacitor used reduces. In developing countries electricity theft is very common 

especially in remote areas, as they do not pay proper usage bills to a government company in case of electricity and also in gas 

connection as well. To solve these problems government must think of a solution to provide support in terms of subsidy to 

manage this issue. With this system the service provider can collect the bill any day with a single message. The data 

manipulation and collection task becomes fast and easier. Any type of modification can be easily manage to the code in less 

time. Changes in rate or unit calculation can be done effectively.  
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