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Abstract— Transformers are a vital part of the distribution 

and transmission system. Transformers monitoring the 

problems before they can occur can prevent failures that are 

costly to repair and result in a loss of service. An innovative 

design to develop a voltage, current and temperature 

monitoring system, oil level, distribution transformer theft at 

a substation, and to protect the system from the parameters 

mentioned under GSM that are used in this document. This 

portable system will help transformers compete normally and 

identify problems before a catastrophic failure. The proposed 

design is developed so that the user easily recognizes the 

distribution transformer suffering from a problem. This 

system deals with the design and implementation of an 

embedded cellular system to monitor and record the main 

parameters of a distribution transformer such as load current, 

over current, oil level, winding temperature, and ambient 

temperature. The idea of an online monitoring system 

integrates a global mobile service (GSM) modem with a 

single microcontroller of different chips and sensors. It is 

installed at the distribution transformer site and the above 

parameters are recorded using the analog-to-digital 

conversion (ADC) of the integrated system. The gained 

parameters are processed and recorded in the system memory. 

If an anomaly or an emergency occurs, the system sends SMS 

messages (short message service) to cell phones that contain 

information about the abnormality according to some 

predefined instructions programmed in the microcontroller. 

This portable system will help transformers to compete 

normally and identify problems before any failure.  
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I. INTRODUCTION 

Failure protection in power systems (PS) is very essential and 

vital for reliable performance. It is said that an energy system 

is faulty when an undesirable condition occurs in that supply 

system, where the undesirable condition can be short-circuit, 

over current, overvoltage, etc. The current transformer is one 

of the most important equipment in the power supply system. 

And transformer protection is an essential part of the global 

approach to system protection. Transformers are used in a 

wide range of applications, from small distribution 

transformers that serve one or more users to very large units 

that are an integral part of the mass energy system. 

The increase in population leads to an increase in 

electricity demand. As energy demand increases, existing 

systems can become overloaded. Overload at the end of the 

consumer appears in the transformer terminals that can affect 

its efficiency and protection systems. One of the reported 

damage or trips to the distribution transformer is due to 

thermal overload. To avoid damage to the transformer due to 

the overload of the final consumer, this is the control against 

overloading the distribution transformer. Where the 

advancement of technology has given the advantage of using 

the latest trends, such as the microprocessor, the 

microcontrollers are used as one of the requirements to be 

applied in the remote protection of the transformer. For 

decades, fuses, circuit breakers and electromechanical relays 

have been used to protect power systems. Traditional 

protection fuses and electromechanical relays have many 

drawbacks. 

Alternatively, some relay investigations have been 

conducted that can be interconnected with microprocessors to 

eradicate the disadvantages of traditional protection 

techniques, which has led to many transformer protection 

improvements in terms of lower installation and maintenance 

costs, increased reliability , protection and improved control. 

Due to problems associated with traditional transformer 

protection methods, a solution is proposed to develop a 

prototype protection based on microcontrollers because the 

microprocessor based relays offer greater flexibility, more 

adjustable functions, greater regulation range, high precision, 

reduced dimensions and lower costs, together with many 

auxiliary functions, such as control logic, event log, self-

checking and verification, etc. 

II. LITERATURE SURVEY 

A. Related work 

An analysis of these problems and some suggestions on the 

development of this research work on transformer monitoring 

was presented by Alessandro Ferrero. Monitoring and control 

of substations is an important task to provide healthy energy 

for consumers in this automated era. But due to the obsolete 

infrastructure of distribution networks (substations) and the 

lack of automation systems that monitor critical conditions in 

substations, the risk of blackouts, voltage drops and fires is 

rapidly increasing. The substations are made up of various 

electronic components, such as transformers, circuit breakers, 

relays, etc. Liquid leaks from the transformer or internal 

insulation failures cause overheating which leads to faults. 

The traditional method includes periodic manual verification 

of the system which consumes a lot of time and with very 

little precision. In addition, substations in rural areas are even 

more difficult to control manually and therefore require more 

time to perform the corresponding actions. 

Distribution transformers have a long life if used in 

good condition. However, their durability is significantly 

reduced if they are overloaded, resulting in unexpected 

failures and loss of supply for a large number of customers, 

which affects the reliability of the system. The overload and 

inefficient cooling of the transformers are the main causes of 

failure in the distribution transformers. Most energy 

companies use the supervision and data acquisition control 

system (SCADA) for online monitoring of power 

transformers, but the extension of the SCADA system for 

online monitoring of distribution transformers is an expensive 

proposition. Currently, distribution transformers are 
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monitored manually where a person periodically visits the 

transformer site for maintenance and records the parameters 

of importance. This type of monitoring cannot provide 

information on occasional overloads and overheating of 

transformer and oil windings. All of these factors can 

significantly reduce the life of the transformer. 

III. PROJECT OBJECTIVES 

A. Over-current protection circuits 

Based on research and practical implementation, an ammeter 

cannot be used to measure the ratio of the charging current as 

an analog signal to feed the microcontroller ADC to control 

the load current. It has been discovered that a current sensor 

is the current sensing device suitable for this investigation. 

The current sensor used can measure up to 50A. The BB-

ACS756 is equipped with a Dean-T connector assembly and 

a 3-way right angle connector. 

The ACS756 turns on with 5 V and outputs voltage 

to indicate the current address and value. The current sensor 

output is sent to the ADC microcontroller unit to take the 

necessary measures. The current flowing through the primary 

CT can be measured. The digital screen is provided at the 

output of the Chip microcontroller. Figure 2 shows the charge 

detection circuit. 

 
Fig. 2.1: Load sensing circuit 

B. Over and under voltage protection circuit 

The 230 Vac reducing voltage transformer: 12Vac is used to 

measure the charging voltage. The voltage transformer will 

go through the grinding process before feeding the ADC. The 

overvoltage and low voltage protection circuit is able to 

measure and monitor the voltage of 270 volts at 180. In this 

research, the voltage can be increased or decreased using the 

autotransformer and the control circuit voltage output is 

powered to the ADC, on condition that the voltage varies to 

180Vac, the microcontroller detects fault voltage and 

whenever the 270Vac voltage varies, the microcontroller 

detects a voltage fault, therefore, the microcontroller sends an 

intervention signal to the relay, relay and cut the transformer 

primary from the mains voltage, thus protecting the 

transformer. 

 
Fig. 2.2: Over and under voltage sensing circuit. 

The figure shows a 230-12 Vac step-down 

transformer that has been used and rectified in a pure 

integrated circuit using the capacitor and then regulated in 

voltage within 5 VDC using the potentiometer to power the 

analog signal in the ADC without burning the converter 

ADC. Whenever the primary voltage of the transformer is 

adjusted, the secondary voltage also changes and, depending 

on the microcontroller program, the input voltage can be 

monitored, displayed and the transformer can be protected 

against faults. 

C. Oil level Monitoring 

If the transformer oil level drops, the transformer may fail or 

be damaged. Therefore, it is a priority for the staff member to 

make sure that the transformer does not fail. It is not possible 

to continuously monitor the transformer physically. So we 

build this project that will monitor the oil level of the 

transformer and if the oil level drops below 30%, then the 

microcontroller receives the alarm signal from the buzzer. In 

this project, an oil level sensor is connected to the controller. 

Use as an oil level sensor. 

IV. DESIGN METHODOLOGY 

1) Use different sensors to detect various problems such as 

temperature, oil level, current, etc. 

2) Use the PIC IC microcontroller because you do not need 

an external ADC connection. Due to an internal side of 

this IC, ADC is present. 

3) Use the GSM modem to obtain automatic information on 

the mobile phone. 

4) Use IC7805 as a voltage regulator because the 

microcontroller IC needs a regulated power supply. 

5) Use a 115-volt step-down transformer to convert AC230 

volt power into a 115-volt AC supply. 

V. BLOCK DIAGRAM AND DESCRIPTION 

 
Fig. 1: Block Diagram of the monitoring system 

The above presented block diagram represents the 

architecture of the proposed work “Transformer Monitoring 

System”. The system consists of a microcontroller used to 

control the complete circuit action of the circuit. This 
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microcontroller is programmed to perform the desired 

operation of the system. A PIC 16F877A microcontroller is 

used to perform the above mentioned functions. The circuit 

components require power supply for their desired operation. 

This power requirement of the circuit is fulfilled by the power 

supply unit in the circuit. This power supply unit provides 

regulated 5v and 12v supply as per the requirement of the 

component. 

In this system we have used a 1kVA transformer and 

bulbs are connected as load to the transformer. The system 

consists of a temperature sensor used to monitor the 

temperature of the transformer continuously. A LM-35 

temperature sensor is used for the above function. This 

temperature sensor is interfaced with the microcontroller and 

provides the data to it. Gives the output in degree Celsius 

calibrated in the program. 

The system also consists of an oil level detector for 

the measurement of the level of the oil in the transformer 

windings. Oil level detector is nothing but variable resistor 

pot. The system is also designed to monitor the load current 

of the transformer. This current sensor measures the current 

in the transformer when loads connected to the transformer. 

An ACS712 current sensor is used to measure the load 

current. Frequency measurement of the transformer is also 

measured by the system. 

In this system voltage measurement is also designed 

by using voltage transformer. This arrangement is used to 

monitor under or over voltage of the transformer when the 

load is connected to it. A 16x2 LCD display is interfaced with 

the microcontroller and is used for the display purpose. This 

LCD display is used to display all the monitored parameters 

of the transformer. This LCD display is interfaced in 4 bit 

mode with the microcontroller. In the architecture of the 

system a voice recorded kit is interfaced with the controller. 

This voice kit has various recorded messages indicating the 

status of the fault occurred in the transformer. This voice 

recorded kit is controlled by the microcontroller. As the fault 

is occurred the microcontroller generates signals and 

activated the voice kit for the announcement about the fault. 

A GSM modem is also interfaced in the system as 

shown in the above diagram. This GSM modem is used to 

send SMS to the user whose mobile number is pre-recorded 

in the SIM used in the modem. Microcontroller generates 

signal according to the outputs provided by the sensor 

networks connected to the transformer for the monitoring 

purpose. The SMS contains all the parameters monitored by 

the system like temperature, oil level, voltage and current etc. 

VI. CIRCUIT ACTION 

A. The power supply 

To drive all the components in this circuit 5V dc and 12V dc 

are required. The mains give the 230V ac. The 230V ac is 

stepped down to 12V ac by using step down transformer. 

Then the output is given to the full wave rectifier. The 

rectifier eliminates the negative peak voltage of the input 

voltage .The output of the rectifier is the pulsating dc. 

The error pulses are eliminating by using capacitor 

filter. Then the output at the parallel of the capacitor is the 

12V dc. But the Micro Controller works on 5V dc .To convert 

the 12V dc into 5V dc a regulator IC LM7805 is used. The 

output of the regulator is constant irrespective of the input 

voltage. This supply is provided to the PIC controllers at pin 

no 1.An LED is connected in between the regulator and the 

controller to indicate whether the power is on or off. At pin 

no 1 of PIC we have connected a switch and the other terminal 

of the switch is connected to ground. 

So that when this switch is pressed the supply to the 

controller will be directly transferred to ground and in this 

way the controller gets reset. A crystal of 20MHz is 

connected at the pin no 13 and 14 of the PIC controllers. Two 

capacitors are also connected in parallel at both the terminal 

of the crystal. This forms a crystal oscillator which provides 

machine cycle to the controller. Pin no. 31 and 12 are 

connected to the ground and pin no 32 and 11 of PIC 

controllers are connected to 5v supply. 

 
Fig. 2: Circuit Diagram 

In this system we have used a 1kVA transformer for 

demo purpose. A transformer has a bridge connected to it 

which is used to measure the voltage of the transformer. The 

output of the bridge rectifier is given to the loads connected 

to the transformer. Here we have connected number of bulbs 

as a load. This arrangement is designed to monitor the under 

voltage or over voltage of the transformer. All the monitored 

values are fed to the microcontroller, which compares the 

obtained value with the reference voltage stored in the 

microcontroller during the software designing program. If 

any abnormal readings are obtained by the system, 

microcontroller will trip the transformer automatically for the 

safety. 

To monitor the load current, current sensor is 

interfaced with the microcontroller. This current sensor is 

connected to the pin number 4 of the microcontroller. This 

current sensor provides the data to the controller; the 

controller displays the readings on the LCD display 

interfaced with the microcontroller. Four switches are 

connected in the circuit, these switches are used to connect 

and disconnect the load to the transformer. When the load 

connected to the system exceeds 500V a SMS will send to the 

service engineer for overload. Three different loads are 

considered in the system for the demo purpose. Two 2.2Ω 

resistors are connected in parallel to each other. One end of 
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the resistors is grounded. This arrangement is designed to 

calibrate the voltage for the measurement. A variable resistor 

(pot) is connected to the pin number 3 of the microcontroller. 

This pot is used to measure the oil level in the transformer 

winding. All the monitored value by the system is displayed 

on the LCD display. 

Frequency measurement of the transformer will also 

be done by the system. Interrupt method is used for the 

frequency measurement that is interrupts are provided to the 

controller. This interrupts are counted by the controller and 

the calculated value will be display on the LCD. For the 

measurement of the frequency, a bridge rectifier is connected 

with the microcontroller. Input is given to two ends of the 

bridge and output is taken from another ends of the bridge. 

The output of this bridge circuit is pulsating DC. This pulses 

i.e. pulsating DC is in the form of sine wave having some 

peak value. This are provided to the microcontroller, 

microcontroller reads this peak value of the sine wave and is 

then given to the voltage divider circuit. This voltage divider 

circuit is designed by connecting 47kΩ and 22kΩ resistor as 

shown in the circuit diagram. This voltage divider circuit 

gives the output in 5.2v range which can be provided to the 

microcontroller and it provides the output in Hertz’s 

calibrated in the program. The LCD display will display the 

value of frequency in Hertz. 

To display all the monitored parameters of the 

transformer, it will be shown on the 16x2 LCD screen 

connected to the microcontroller. This LCD screen can 

display alphabets and numbers and can display 16 characters 

in 2 lines. Therefore, it is known as an alphanumeric LCD 

screen of 16x2. This LCD screen is connected in 4-bit mode 

to the microcontroller. In 4-bit mode, only four pins of LCD 

data are connected to the controller. This mode then saves 

four controller pins unlike the 8-bit mode. In 4-bit mode, only 

4-bit data is sent to the LCD screen. Since the 8-bit 

microcontrollers contain data in the form of 8 bits, we divide 

our data into two nibbles (1 nibble = 4 bits). The first 4 highest 

bits (nibble) are sent to the LCD screen and then to the lower 

4 bits (nibble). Only the LCD data pins D4, D5, D6, D7 are 

used in 4-bit mode. D1, D2, D3, D4 are left empty. D4 is our 

least significant bit and D7 is the most significant bit. The 

LCD interface with PIC 16f877 is simple. The first 4 bits of 

the B port (RB0, RB1, RB2, RB3) of PIC 16f877 are used to 

send data and 4-bit commands to the LCD display. These four 

pins (RB0, RB1, RB2, RB3) are connected to four 16x2 LCD 

data pins (D4, D5, D6, D7). The pin n. 5 of port D is 

connected to the RW (read-write) pin of the LCD screen. The 

pin n. ° 6 of port D is connected to the RS (recording 

selection) pin of the LCD screen. Pin 7 of port D is connected 

to the EN (enabled) pin of the 16x2 LCD screen. Data lines 

D4 - D7 are connected to pins 37-40 of the PIC controller. 

The RS and the LCD screen enable terminal are connected to 

pin n. 35 and 36 of the PIC. In the VO terminal we connected 

a variable resistor to adjust the brightness of the LCD screen. 

The different sensor data will be continuously displayed on 

the LCD screen 

Also for notification purposes, a voice recording kit 

is interconnected in the system. This registered kit contains 

some pre-recorded messages for the announcement about the 

status of the transformer. . In this entry, the speech system is 

pre-recorded with the help of a microphone. This voice kit 

consists of a loudspeaker through which the electrical signal 

is converted to the voice. In this kit we have recoded some 

messages related to overload, high temperature, low oil level, 

etc. to inform the maintenance person present there. In this 

system, we connected a GSM modem with the 

microcontroller. This GSM modem is used to send text 

messages to the service technician's mobile phone number. 

The SIM900 modem is used for this purpose. This modem 

requires a SIM card to call and send text messages through it. 

This modem is interconnected with the microcontroller via a 

MAX232 connection device as shown in the wiring diagram 

of the system. 

Since this system is designed to monitor and control 

the transformation system, the microcontroller will 

automatically activate the transformer by sending a signal. 

The microcontroller will turn off the transformer after 

comparing the monitoring values with the reference value 

stored in the microcontroller during software design. 

VII. BACKGROUND OF THE PROJECT 

The Abnormality in the distribution transformer is 

accompanied by the variation of various parameters such as 

ambient temperature, upper and lower oil temperatures, 

winding temperature, , charging current, oil flow (pump 

motor), oil humidity, gas dissolved in oil, bush condition, 

LTC monitoring, oil level. However, we are dealing with the 

oil temperature and the charging current. 

The online monitoring system consists of an 

integrated system, GSM modems, mobile users and GSM 

networks and sensors installed on the transformer site. The 

sensors are installed on the transformer side that reads and 

measures the physical quantity of the distribution transformer 

and then converts it. In an analog signal. The integrated 

module is located on the transformer site. It is used to acquire, 

process, display, transmit and receive parameters from / to the 

GSM modem. The second is the GSM module. It is the link 

between the integrated system and the GSM public network. 

The third is the utility module that has a PC-based server 

located in the utility control center. The server is connected 

to the GSM modem and receives SMS messages from / to the 

transformer site via the GSM module. 

VIII. ADVANTAGES DISADVANTAGES AND APPLICATIONS 

A. Advantages 

 No need to monitor from relay room. 

 System can be monitor and controlled from anywhere. 

 Save time. 

 Save men work. 

 Mobile number can be changed at any time. 

B. Disadvantages 

 Sometime network problem may be occur. 

 Complex construction. 

 Overall project cost is high. 

C. Applications 

The major areas captured by it are: 

 Power grid 

 Factories 



GSM Based Transformer Monitoring System 

 (IJSRD/Vol. 6/Issue 02/2018/860) 

 

 All rights reserved by www.ijsrd.com 3171 

 Industrial area 

 Home automation 

IX. FUTURE SCOPE 

In future we can have a GPS attached to it that would exactly 

send the location and the parameters of the transformer. 

X. CONCLUSIONS 

In this project, we designed a system based on the PIC 

software Proteus microcontroller for key distribution 

transformer parameters such as voltage and current system, 

monitored with PIC 16F877A microcontrollers and then with 

PIC microcontroller LCD interface and respective phase 

voltages and the respective phase currents shown on the LCD 

screen. In the hardware implementation, the necessary 

components are executed and interconnected with the PIC 

Micro controller. GSM modems put to work to transfer the 

parameter information monitored by the PIC Micro controller 

for mobile service technicians. 

So we can monitor and control the voltage, current 

and temperature of a distribution transformer. The proposed 

GSM system that has been designed to monitor the essential 

transformer parameters continuously monitors the parameters 

during its operation. If the microcontroller recognizes an 

increase in voltage or current level or temperature values, the 

unit has been turned off to prevent further damage. The 

system designed not only controls the distribution 

transformer in the substation to shut it down, but also shows 

the parameter values during the reference process for the user 

and stops the proposed system design makes the distribution 

transformer more robust against some fundamental quality 

problems of the power supply causing the voltage or current 

or the temperature reaches the maximum, therefore, the 

distribution network becomes more secure, reliable and 

efficient through the proposed system. 
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